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Preface 

 

Indian Institute of Technology (IIT) Kharagpur has scheduled its sixty eight (68th) Annual 

Convocation of the institute during 24th December 2022 for all the degree recipients of 

undergraduate, post graduate and research scholars. 

In view of this, Central Library of the institute has compiled and published a volume of abstracts 

of Ph.D. theses submitted by research scholars of IIT Kharagpur for the period of January 2022 to 

December 2022. This volume provides the bibliographic information of the theses like title, 

author/researcher name, supervisor(s), department/ centers/ schools, date of submission, accession 

number (assigned by Central Library) and abstract with keywords. There are 348 abstracts of Ph.D. 

theses on various subjects and areas included in this volume from Accession No. NB17247 to 

NB17611. 

The main purpose of the compilation of the abstracts of theses is to create and enhance the 

awareness among the other scholars/ researchers/ faculty members that these are the research 

works already carried out by research scholars of the institute in the particular period. It also 

increases the visibility nationwide by sending the copies of the abstract to other institutes and 

universities in India. 

The soft copy of the abstracts of theses is made available in the library website 

 ‘http: //www.library.iitkgp.ernet.in/’ as PDF reader format. 

 

Full-Text of these Ph.D. theses are available in the Institutional Digital Repository (IDR) for 

online accessing and downloading through IPR URL: 

https://library.iitkgp.ac.in/pages/dl/abstract/Abstract_2022_Book.pdf 
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HETEROMETALLIC 3D-4F COMPLEXES ASSEMBLED FROM SCHIFF 

BASE LIGANDS: SYNTHESIS, CHARACTERIZATION AND MAGNETIC 

PROPERTIES 

 
Mousumi Biswas 

Supervisor: Prof. Debashis Ray 

Department of Chemistry 

Accession No.: NB17247 

 

 

Multinuclear coordination aggregates (CAs) consisting of different spin carriers led to a wide 

variety of structural topology and interesting properties, such as single molecule magnet, magnetic 

cooler, photophysical, catalytic and biomedical application. The 3d-4f heterometallic aggregates 

are gaining importance during the last two decades due to their fascinating coordination behaviour, 

interesting molecular structures and potential for molecular magnet behaviour. The complexes 

bearing 4f ions show stimulating magnetic properties due to the presence of a high ground state 

spin (S), and high magnetic anisotropy (D), while coupling with adjacent 3d ions for ferromagnetic 

interactions. Compartmentalized ligands holding specific coordination pockets with the ability of 

selective binding of 3d and 4f ions are the preferred choice for the synthesis of new family of 3d-

4f complexes. In this regard, phenol based flexible organic side arm bearing Schiff bases are of 

great choice to stabilize hitherto unknown structures. Ancillary bridges like hydroxido, alkoxido, 

oxido, carboxylato etc. either in situ generated or externally added can further stabilize the 

multinuclear end products. The X-ray quality single crystal growth technique also play a crucial 

role after the solution state synthesis using selected ligands and metal ion salts in definite molar 

ratio. Other parameters such as solvent, temperature, pH, and reaction time also play a significant 

role in achieving the reaction products. In this thesis, three phenol-based ligands with two 

dedicated coordination pockets bearing N and O donors have been examined in the presence of 

available ancillary ligands. The simplest complex consisting Co and Ln ions side by side in a single 

entity have been synthesized from semicarbazide arm bearing Schiff base ligand. Remaining 

coordination sites were captured by the 3d ion salt derived carboxylate groups. Stabilization of 

these smaller entities inhibited further aggregation pathway and showed both ferro and 

antiferromagnetic interactions within the binuclear Co-Ln site. Hydroxido-bridged cubic Ni2Ln2 

family of complexes have been synthesized from the same semicarbazide arm bearing ligand and 

characterized by X-ray structure determination and variable temperature magnetic susceptibility 

measurement. Amino alcohol arm bearing ligand was scrutinized for the synthesis of a series of 

Ni4Ln4 aggregates from the bridging connections of carboxylate and hydroxide groups dangling 

from two cuboidal units. The magnetic property was comparable with the Ni2Ln2 type due to the 

presence of nearly similar bond distance and angles. Novel octanuclear Co4Ln4 and heptanuclear 

Ni3Ln4 complexes have been synthesized from the same ligand system having carboxy side arm. 

The multiple number of hydroxy and carboxylate groups along with ligand carboxy arms 

concomitantly acted for the stabilization of this series. All these complexes have been 

characterized from X-ray structure determinations and variable temperature magnetic 

susceptibility measurements. SMM behaviour was observed only for anisotropic DyIII analogue in 

complex Co4Dy4 due to collinear arrangement of the anisotropy axes. 
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Keywords: Multinuclear aggregate; Schiff base; Self-aggregation; Ancillary ligand; X-ray 

structure; Variable temperature; Magnetic susceptibility. 
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A STUDY OF MECHANICAL STRENGTH AND PHYSICAL 

PROPERTIES OF INDURATED LATERITES WITH REFERENCE TO 

CHARACTERIZATION OF LATERITIC PROFILES AND ITS 

ENGINEERING IMPLICATIONS 

 
Sayan Sinha 

Supervisor: Prof. Arindam Basu 

Department of Geology and Geophysics 

Accession No.: NB17248 

 

 

The majority of the geotechnical studies on laterites was carried out from the viewpoint of soil 

characterization and was not particularly meant for indurated laterites. With due need, in this 

research, physico-mechanical properties of indurated laterites from different parts of India (i.e. 

Kharagpur, West Bengal; Haripur and Tengara, Odisha; and Kanhwara, Madhya Pradesh) were 

investigated with regard to in situ characterization of lateritic profiles. Based on texture, 

appearance and relative strength of the lateritic materials, the characterized zones in each laterite 

profile were identified. The indurated laterites were collected from each zone and were used to 

determine uniaxial compressive, point load and Brazilian tensile strengths; effective porosity; dry 

density; vug volumetric percentage (a newly introduced index); and slake durability indices. The 

physicomechanical properties of the indurated laterites from each profile were found to conform 

well to the corresponding field observations (i.e. characterized zones). 

 

In order to evaluate the influence of parent lithology on field appearances and engineering 

properties of indurated laterites under same geographical conditions, two nearby laterite profiles 

(in Haripur and Tengara) were investigated. In the laboratory, along with the determination of 

physico-mechanical properties; petrographic study and XRD analysis were also carried out. It was 

found that the difference in engineering properties between the indurated laterites of Haripur and 

Tengara is very much dependent on mineralogy such as sesquioxides, clay content and other 

minerals altered from the parent lithologies. 

 

Based on the analysis of the mechanical strength properties, it became apparent that point load 

strength is the most useful/practical strength parameter in characterizing indurated laterites. With 

due need, a guideline based on the point load strength values was proposed to mark the quality of 

indurated laterites for construction purposes. Vug volumetric percentage was found to be the most 

efficient index in predicting point load strength. Subsequently, it was concluded that this index can 

also be utilized as a useful engineering property of indurated laterites. 

 

Keywords: Characterization of laterite profiles; Indurated laterites; Physico-mechanical                     

properties; Parent lithology; Engineering implications 
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DEVELOPMENT OF GRAPHENE FILLED FLEXIBLE RUBBER 

DIAPHRAGM FOR AERONAUTICAL APPLICATION 

 
Bharat Singh Mandloi 

Supervisors: Prof. Santanu Chattopadhy ay and Prof. Kinsuk Naskar 

Rubber Technology Centre 

Accession No.: NB17249 

 

 

Defence aircraft plays a pivotal role in air defense, and every component requires extended degree 

of performance, especially in dynamic conditions. The performance of every system, equipment, 

component and part of an aircraft is vital. The flexible rubber diaphragm (FRD) is one of them. 

The present research is based on the failure investigation of existing FRD material, development 

of graphene nanoplatelet filled rubber nanocomposites, design validation, and life estimation. An 

in-depth analysis of existing rubber compound (RC) OEM14 was carried out, and the cause of 

service failures were established. During the course of analysis, it was found that the existing 

specification was mainly for quality control and batch acceptance for OEM14, supplied by the 

country of origin (OEM) of the aircraft without considering its final application. Further, failure 

investigation was progressed by designing five new formulations using graphene nanoplatelet in 

comparison with the existing OEM14 rubber compound. It was conclusively proven during this 

research work that the existing RC had inferior fatigue properties like heat build-up, cut initiation 

and cut growth etc. 

 

The morphology study revealed that the existing RC included a huge amount of particulates which 

results in an enhancement in high hardness of the final product. A new technical specification was 

evolved considering an exhaustive literature survey wherein reduction in hardness and inclusion 

of fatigue properties, other product end-use tests, and curtailed performance enhancement 

propertied were included. The graphene nanoplatelet loading in the newly designed formulations 

was optimized by measuring all conventional physical-mechanical properties as well as by finite 

element analysis (FEA). It was concluded that the 4 phr graphene nanoplatelet loaded newly 

designed indigenous rubber nanocomposite NPEG4 was best suitable for manufacturing the FRD. 

Life estimation was carried out using the Arrhenius method, and it was revealed that NPEG4 

provides the highest calendar life as compared to remaining new formulations. However, existing 

OEM14 rubber compounds have been proven to have the least predicted life. The service life 

validation was performed by exhaustive endurance test on newly developed FRD using NPEG4 at 

room temperature, high and low temperatures. A satisfactory endurance test had proven the 

suitability of FRD on aircraft. Overall this thesis encompasses a systematic effort of designing 

indigenous rubber nano-composite based flexible rubber diaphragms for Air Defence.  

 

Keywords: Graphene, flexible rubber diaphragm, failure analysis, endurance, life estimation. 
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METAMORPHIC P-T-T PATH OF EVOLUTION OF THE 

HOLENARSIPUR GREENSTONE BELT, WESTERN DHARWAR 

CRATON, SOUTH INDIA: INSIGHTS INTO EARLY EARTH 

TECTONICS 

 
 Anamitra Dasgupta 

Supervisor:  Santanu Kumar Bhowmik 

 Department of Geology and Geophysics 

Accession No.: NB17250 

 

 

The nature of metamorphism and tectonic styles in the Mesoarchaean and across the Archaean- 

roterozoic transition has been investigated using integrated petrographic, mineral chemical, 

metamorphic evolutionary history, conventional geothermobarometry, garnet-monazite and 

monazite-xenotime trace element thermometry, phase equilibria modelling studies and coupled 

monazite electron probe micro-analyzer (EPMA) and sensitive high-resolution ion microprobe 

(SHRIMP) U-Pb dating results, applied to a variety of protolith compositions from the 

Holenarsipur Greenstone Belt, the largest exposed section of the Mesoarchaean Sargur 

supracrustal sequences (protolith age between c.3.3 and c.3.2 Ga) in the Western Dharwar Craton, 

South India. These rocks, which range in composition from pelitic schist, metamorphosed calc-

magnesian sediments, ferruginous and aluminous quartzite and metabasalts have recorded two 

major tectonothermal events in the Mesoarchaean and Archaean-Proterozoic boundary that led to 

the growth of the Dharwar Craton.  

 

The older Mesoarchean event (named the M1 metamorphic cycle) between 3.14 and 3.11 Ga 

(SHRIMP monazite ages) along a clockwise metamorphic P-T path of evolution has been recorded 

from a low strain domain of the HGB. The path reveals a two-stage prograde segment with an 

initial phase of heating accompanying burial (dP/dT gradient ~ 30 bar/°C) and a later phase of 

steep burial (ΔP ~ 1.1 kbar, dP/dT gradient ~110 bar/°C), peak thermal state at 7.5 kbar, 640 °C 

and a post-peak, nearly isothermal decompression to (P ~ 6.3 kbar). It has been suggested that the 

Mesoarchaean metamorphism is part of a widespread tectonothermal event in the Western 

Dharwar Craton (WDC) that marked a shift in tectonic style from initial sagduction to later 

horizontal plate motions.    

 

For the younger tectonothermal event, which is the most pervasive in the HGB and elsewhere in 

the WDC, three overprinting metamorphic cycles (M2 →M3 →M4 in sequence) of contrasting 

thermal history and with a variability of metamorphic P-T paths have been recognised. The M2 

cycle, the oldest of the three events represents a characteristic LP-HT metamorphism along a CCW 

metamorphic P-T path, peak metamorphism at 4-5 kbar, 515-595°C and high thermobaric ratios 

(~1050-1525°C/GPa) at M2 peak. The intermediate M3 metamorphic cycle records prograde 

burial of partially cooled M2 rocks to middle-lower crustal depths, peak metamorphism at P~7.5-

10.2 kbar, T~630-655°C, and corresponding intermediate thermobaric ratios (T/P~620-

875°C/GPa) and a retrograde stage, marked by combined exhumation and cooling to P~5.3-6.4 
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kbar, T~530-575°C. The resultant P-T path of evolution shows a variability of CW paths from 

classical hairpin type to two stage prograde heating segments. During the terminal M4 

metamorphism (T Max ~630-640°C at ~8.9-10.3 kbar and with lower T/P ratios at ~610-

720ºC/GPa), the partially exhumed M3 crust is reburied to lower crustal depths along an 

intermediate thermal gradient as during the M3 metamorphic cycle. 

While there is no direct age information for the M2 cycle available at this stage, published 

geochronological data seem to suggest that the M2 metamorphism along a warmer thermal 

gradient is linked with the latest Neoarchaean thermal perturbation event between 2.64 and 2.51 

Ga in the WDC. SHRIMP U-Pb monazite dating constrains the timing of the M3 metamorphism 

at c.2.49 Ga. On the basis of metamorphic and geochronological constraints established in this 

study and published metamorphic and geochronological data, the craton-scale north-south 

variation in metamorphic grade from greenschist facies in the north, amphibolite facies in the 

middle and granulite facies in the south is attributed to combined M2 - M3 metamorphic cycles at 

the dawn of the Proterozoic period. 

A three-stage tectonic evolution of the HGB is proposed in order to interpret the metamorphic 

findings of thermal transition, tectonic thickening along a cooler thermal gradient, repeated urial-

exhumation cycles in the orogenic wedge and tectonic mixing of the three cycles (M2 -M3 -M4) 

of metamorphic rocks. These in a sequence are: (a) the development of hot and thin peel-off zone 

(cf. M2 cycle), (b) the transition to a thickened crustal zone tectonic domain (cf. M3 cycle), with 

both the domains being part of the lithospheric peel-back driven convergence setting and (c) finally 

continental collision tectonics (cf. M4 cycle). It is suggested that the tectonic model can be taken 

as a general template of global tectonic transition across the Archaean-Proterozoic boundary. 

 

Keywords: Mesoarchean, Neoarchean, Western Dharwar Craton, Phase equilibria modelling, 

Metamorphic P-T paths, Monazite U-Pb dating, Archaean tectonics. 
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PERFORMANCE AND CONTROL OF RENEWABLE ENERGY FED 

MICROGRIDS UNDER UNBALANCED AND NONLINEAR CONDITIONS 

 
Noel Richard Merritt 

Supervisors: Prof. Chandan Chakraborty and Prof. Prabodh Bajpai 

Department of Electrical Engineering 

Accession No.: NB17251 

 

 

The concept of the Microgrid involves the utilization of power generation within the local 

distribution network (primarily known as Distributed Generation (DG)) so as to ensure a balance 

between generation and load within the local distribution network. The microgrid is capable of 

operating either in synchronism with the main utility grid (known as the Grid-connected mode of 

operation) or independent of the main utility grid (known as the Stand-alone or Islanded mode of 

operation). Implementation of more number of microgrids within the power system can reduce the 

stress on the transmission network, thereby improving the stability margin of the power system. 

 

DG primarily involves the use of renewable energy sources like solar PV, wind,fuel cell along 

with non-renewable sources like diesel generation (which primarily involves the use of a 

synchronous machine). Renewable sources like solar PV and Fuel cell generate dc power and these 

sources need to be interfaced with the ac network through power electronic converters. Wind 

generation primarily utilizes either a synchronous machine or an induction machine. These 

machines are usually interfaced with the ac network through a back-to-back power electronic 

converter for the purpose of improving the stability and the controllability of the wind generation 

system. Voltage Source Converters (VSCs) are primarily utilized for interfacing these renewable 

energy sources because of the ability to regulate the voltage and frequency of the local distribution 

network, the ability to generate reactive power and the ability to over inherent over-current 

protection. The choice of the control structure for these VSCs is a challenge because of the 

following factors the DG units behave differently in the grid-connected mode of operation and the 

islanded mode of operation and most of the loads within the distribution network are unbalanced 

and non-linear in nature because of unequal single phase loads (linear as well as non-linear) 

distributed across the three phases. Another challenge related to these renewable energy sources is 

that they are highly dependent on the weather conditions and the time (day or night). Hence the 

utilization of Battery Energy Storage System (BESS) becomes extremely essential so as to 

smoothen the power uctuations from these renewable energy sources and to supply power to the 

distribution network when the renewable energy sources are not generating power. The BESS is 

usually not connected directly to the dc link of the VSC (in order to prevent high frequency 

harmonics from damaging the BESS), but is interfaced through a Bi-directional dc-dc converter. 

 

Considering the challenges presented above, the following is the aim of this thesis|To present a 

uni_ed control scheme for the VSC (interfacing the renewable energy source to the microgrid) so 

that the same control structure is being utilized for both the grid-connected mode and the slanded 

mode of operation under unbalanced and non-linear conditions; to maintain balanced and  

sinusoidal voltages at the Point of Common Coupling (PCC) of the DG unit despite the load current 

being unbalanced and distorted; to present a suitable control structure for regulating the Bi-



 

 8 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

directional dc-dc converter so as to enable the BESS in smoothing the power uctuations from a 

nearby renewable energy source and to regulate the dc link capacitor voltages of the VSC to the 

nominal value. By maintaining the voltages balanced even under unbalanced and non-linear 

operating conditions, the power quality of the system can be improved thereby aiding the optimal 

operation of the power distribution network. All simulations have been performed in  

SCAD/EMTDC in order to validate the performance of the proposed control structures.   

 

Keywords: Voltage Source Converter (VSC), Microgrid, Distributed Generation (DG), Voltage 

unbalance compensation, power smoothing. 
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PREDICTIVE MODELING USING UBIQUITOUS 

MONITORING FOR PERSONALIZED PREVENTIVE 

HEALTHCARE SERVICES 

 
Saurabh Singh Thakur 

Supervisor: Dr. Ram Babu Roy 

Rajendra Mishra School of Engineering Entrepreneurship 

Accession No.: NB17252 

 

 

The world’s population is growing and simultaneously the expectations for effective treatments 

and improved quality of life are also increasing. At the same time, the worldwide rising burden of 

chronic non-communicable diseases (NCD) diseases is responsible for the increased mortality rate, 

morbidity rate, and healthcare cost. These factors are putting extreme pressure on the healthcare 

service industry. Therefore, providing healthcare to all is the most important social and economic 

challenge. The major risk factors for NCD are smoking, physical inactivity, an unhealthy diet, and 

excessive consumption of alcohol. These risk factors are purely behavioral and require promoting 

behavior change and living a healthy lifestyle.   

 

Existing healthcare delivery follows the reactive sick-care approach. An episodic, and acute care-

based reactive approach is taken when one gets sick. It has various imitations in terms of catering 

to the healthcare needs of different individuals, varying from a healthy individual to a chronically 

sick patient. Preventive treatment by proactively avoiding the risk factors and promoting healthy 

living is identified as one of the approaches to alleviate the burden of NCD. 

 

So far, the role of information and communication technology (ICT) has been very instrumental 

in improving healthcare and its effectiveness be it the development of medical devices, diagnostic 

solutions, medicine, or vaccine development. The recent technological advances in ICT like Big 

Data Analytics, Predictive Analytics, IoT, and Artificial Intelligence are playing a major role in 

healthcare delivery and services. But it is not utilized that effectively in providing preventive 

healthcare. The effective utilization and applications of these technologies have become more 

relevant in the post-COVID-19 era. 

 

The broader aim of this study is to explore how predictive modeling using ubiquitous monitoring 

can be utilized for enabling preventive healthcare services. The research objectives that have been 

studied in this thesis are the prediction of adverse events in clinical settings, real-time recognition 

of activities of daily living (ADL), the prediction of life outcomes, and designing a blueprint for 

preventive healthcare services.  

 

An important application of preventive healthcare is in clinical settings where the healthcare 

professionals want to avert adverse events in the patients during critical clinical procedure like 

surgeries, hemodialysis, or organ transplant. Proactively predicting the adverse events in the 

patients during a clinical procedure can mitigate the risk. In this study, a non-contact sensor device 

has been used to monitor vital parameters of patients during hemodialysis (HD) sessions. 

Predictive models have been developed to predict the adverse events in HD patients. These models 
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could assist healthcare professionals in taking proactive decisions and designing better care plans 

for patients by early detecting changes to the vital parameters. 

 

Smoking is one of the major risk factors for NCD. Real-time recognition of smoking activity 

among the confounding ADL enables just-in-time interventions for smoking cessation. A multi-

class classification-based predictive modeling framework to identify the smoking activity among 

other confounding ADL is developed in this study. The developed models obtained a very high 

predictive accuracy for predicting smoking activity. 

 

The activities can be used to identify behaviors and further in the prediction of life outcomes. The 

next objective is to predict life outcomes using various types of ctivities and behavioral data 

gathered using continuous monitoring of individuals. To demonstrate, we have used the prediction 

of mental health using smartphone usage and sensor data as a use case in this study. The prevalence 

of mental health problems is ising worldwide especially in the young age population. We have 

utilized smartphone usage and sensor data to derive various mobility, sociability, and physical 

activity features. Further, these features are used for developing predictive models to predict 

mental health. A decent predictive accuracy has been achieved by the models. The implications of 

this research work for practice are developing a smartphone-based automated system for predicting 

mental health. It could be a useful tool for professionals, especially in academic institutions. 

 

The study has been concluded by presenting a blueprint for preventive healthcare services. The 

key building blocks required for providing preventive healthcare services have been identified. 

The details of these components are explained in the proposed service blueprint. This blueprint 

can be utilized by entrepreneurs and industry players to design preventive healthcare services 

based on patient monitoring and predictive modeling. 

 

Keywords: Ubiquitous Monitoring, Predictive Analytics, Clinical Decision Support Systems, 

Activity Recognition, Behavior Modeling, eHealth, Preventive Healthcare Services 
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ORIGIN AND TUNING OF SOME EMERGENT MULTIFUNCTIONAL 

PROPERTIES OF SELECTED TRANSITION METAL OXIDES 

 
Pratap Pal 

Supervisor: Dr. Debraj Choudhury 

Department of Physics 

Accession No.: NB17253 

 

 

In this Ph.D. thesis, we have investigated some emergent multifunctional properties of selected 

transition metal oxides with the holistic focus of designing, synthesis and detailed experimental 

characterizations, that have enabled us towards the controlled optimization of the desired physical 

properties. We have mainly focussed on the ltiferroic (magnetic as well as ferroelectric (FE)), 

magnetocaloric, photovoltaic, high-k dielectric and negative-thermal-expansion properties. 

 

In regards to the multiferroic, high-k dielectric and photovoltaic properties, we have primarily 

focussed on Bi and Fe codoped BaTiO3 (BTO) system, where we have first identified the source 

of the surprising room-temperature multiferroic (FE and ferromagnetic (FM)) state in only Fe-

doped BTO system. We have also identifed and tuned various controlling parameters which lead 

to the optimization of enhanced ferroelectricity and ferromagnetism at room-temperature along 

with indicative signatures of tunable magnetoelectric coupling. In addition, these systems are also 

extremely promising as an alternative high-k dielectric (with dielectric constant, er 785 and 

dielectric loss _0.008 along with reasonable temperature coefficient and very small frequency 

dispersion of _r). Interestingly, in regards to yet another multifunctional property, we have shown 

that these Bi-Fe codoped BTO compounds are also promising toward enhanced room-temperature 

photovoltaic response as they provide a unique platform with the simultaneous optimization of 

low band gap (_1.5 eV), high FE remnant polarization (_5 _C/cm2) and reasonably good electrical 

conductivity.   

 

We have, thereby investigated the magnetic and thermal properties of Mn doped  nTiO3 system 

where we have demonstrated how magnetic frustration can be designed and used as an effective 

controlling parameter towards the tuning of the spin-op field to  educed magnetic fields, easily 

accessible in the laboratory as well as negative thermal expansion in this system. We have also 

investigated the effect of cationic disorder on the stabilization of the ""## magnetic ordering, which 

is critical in giving rise to the  agnetic-striction driven FE state, in different Ca3CoMnO6 systems 

(with different levels of cationic disorder). In yet another promising magnetic system, namely 

Fe1�xMnxCr2O4 spinels, we have identi_ed the emergence of negative magnetization and 

inverse magnetocaloric e_ect in the intermediate doped systems and have tried to elucidate the 

origin of such surprising effects. In an Appendix chapter, we have identified the presence of a 

unique antiferromagnetic ultra-thin strained YTiO3 (YTO) in a superlattice with diamagnetic 

CaTiO3 (CTO) through detailed magnetoresistance measurements on the emergent quasi 2D 

electron gas at the interface between YTO (which is FM in bulk) and CTO. 

 

Keywords: Multiferroics, Photovoltaic, High-k dielectric, Spin-op, Negative thermal expansion, 

Magnetocaloric 
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INVESTIGATION OF PHYSICAL PROPERTIES OF EPOXY RESIN 

(DGEBA/TETA) UNDER EXTREME ENVIRONMENTAL CONDITIONS 

 
P. Suma Sindhu 

Supervisors: Dr. Nilanjan Mitra and Dr. Prasanta Kumar Datta 

Department of Civil Engineering 

Accession No.: NB17254 

 

 

The characterization of long-term responses of structures and materials to the complex  and cyclic 

environmental conditions is a difficult challenge. The long term response can be associated with 

the aging response of a component and/or structure. In majority of the cases, service failures occurs 

mainly because of inaccurate characterization of aging response which eventually results in costly 

repairs and/or premature replacement of components. In safety-critical applications such as 

commercial aircraft and nuclear reactors the downtime associated with the long-term degradation 

response of the structure and/or component can be significant. Thereby, an approach based on a 

more fundamental understanding of materials response, its degradation methods will help us to 

comprehend the long term response of these materials and/or structure. Epoxy resin and glass fiber 

composites made with epoxy resin have been considered in this work at the material and 

component level respectively. The extreme environmental conditions considered in our study 

includes long term exposure to normal and saline water, cold temperature. Experimental 

investigations have been carried out both at stuctural and/or component level (GFRP composites) 

as well as material level (neat epoxy matrix). The severity of the effect of these exposures are 

measured in terms of the tensile strength of composites at predetermined time intervals. 

 

In order to mitigate the degradation response of the material subjected to extreme environmental 

conditions, nano particles have been used in this work. Performance improvement at the material 

and/or component level has been observed in our study with the addition of nanofillers. In general 

nano particles provide better reinforcement over conventional reinforcements because of higher 

surface to volume ratio. In this thesis the aim is to understand the degradation mechanism of the 

matrix and how it is contributing at the structural level degradation, the effect of nano 

reinforcements to the mechanical character of the epoxy system and glass fiber composites. 

Control tensile strength is used as parameter to rank the tensile mechanical property of composites. 

Characterization at the material level has been done using spectroscopic studies (Terahertz-time 

domain (THz-TDS) and Infrared (IR spectroscopy) along with thermal analysis (DSC), whereas 

characterization at structure/component level has been done based on tensile tests. Change in the 

chemical makeup of these composites due to saline water and cold temperature exposures is 

studied using Terahertz spectroscopy, Fourier transformed infrared (FTIR) spectroscopy and 

thermal analysis. Long term mechanical performance of epoxy nanocomposites and effects of 

different amounts of nano reinforcement on the mechanical properties in epoxy and glass fiber 

nanocomposites are studied using tensile test. 

 

Keywords: Epoxy Resin (DGEBA/TETA), Composites, GFRP/Epoxy, Terahertz Spectroscopy, 

Infrared Spectroscopy, Thermal Analysis, Saline water exposure, Low-temperature exposure, 

Nano-oxides. 
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STRUCTURAL, HYDRAULIC AND THERMAL ANALYSES OF HIGH 

TEMPERATURE SUPERCONDUCTING POWER CABLE 

 
Ipsita Das 

Supervisor: Prof. V. Vasudeva Rao 

Cryogenic Engineering Centre 

Accession No.: NB17255 

 

 

For an efficient yet effective mode of electric power transmission and distribution across 

kilometers of length, high temperature superconducting (HTS) power cable is the most suitable 

alternative. This cable can be opted in the future transmission and distribution network because of 

its advantages of huge power carrying capacity at minimum transmission losses in compact size. 

Over past few decades, researches are being carried out on its design and development worldwide, 

to realize this technology most suitable for its application in real grid. 

 

The design procedure of this cable mainly involves an understating of three different aspects other 

than electrical one e.g., structural aspect (the electro-mechanical behavior of HTS tape and cable), 

hydraulic aspect (obtaining reduced pressure drop for liquid nitrogen flow along the length of cable 

and thereby establishing less pumping power requirement) and thermal aspect (convective heat 

transfer analysis of liquid nitrogen flow). 

 

The HTS tape is helically wound around a circular former and undergoes different types of 

mechanical loading conditions during the cable production (helical winding of HTS tape around 

copper former), transportation as well as installation processes (bending and tensile load on cable). 

A finite element analysis is carried out to investigate the electro-mechanical behavior of 2G HTS 

tape during its production and post production processes with five different winding pitches and 

four different cable bending radii with YBCO layer in the downward position. From this analysis, 

a minimum winding pitch is obtained above which critical current degradation is not observed. 

 

The pressure drop is an important parameter in the cable design, as it decides the length of the 

cable. Liquid nitrogen flows through an annulus having two different walls (inner smooth and 

outer corrugated one) within the cable. Therefore, the friction factor of the flow should be 

estimated considering the contribution of both the walls. The corrugation geometries (i.e., 

corrugation pitch and depth) and shapes in the outer wall of the annulus affects the friction factor 

of the flow. A numerical analysis is performed with nine different pitch and depth combinations, 

to realize the effect of corrugation geometry on friction factor and also to suggest a suitable 

combination having minimum pressure drop. 

 

In HTS power cable, the liquid nitrogen flow through a bilaterally heated annulus having two 

different walls is exposed to uniform but unequal heat fluxes. The corrugations in the outer wall 

of the annulus increases the heat transfer area and the corrugations shape has an effect on the 

convective heat transfer. To realize the effect of corrugation shape on both hydraulic as well as 

heat transfer performances a detailed CFD investigation is carried out with four corrugation shapes 

at a constant pitch and depth, for the turbulent liquid nitrogen flow within the concentric annulus. 

Further, it is also necessary to establish a comprehensive performance of heat transfer 
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enhancement with pumping power penalty, while designing the cable. Therefore, a performance 

evaluation criterion (PEC) is introduced to take both heat transfer enhancement as well as pressure 

drop into account. 

 

In this dissertation, a 22kV/3kA HTS cable is designed based on the Indian power grid scenario, 

considering all the afore-mentioned design aspects and safety measures into account. 
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GROWTH AND CHARACTERIZATION OF GALLIUM BASED III-V 

LOW DIMENSIONAL STRUCTURES ON SILICON 

 
Sisir Chowdhury 

Supervisor: Prof. Pallab Banerji 

Materials Science Centre 

Accession No.: NB17256 

 

 

The present work is a comprehensive study of the growth and characterization of gallium based 

III-V binary as well as ternary low dimensional structures fabricated on silicon substrate by metal 

oxide chemical vapor deposition (MOCVD). Three types of structures, viz. InGaAs thin film, 

InGaAs nanowires and GaP quantum dots are grown with an aim to integrate the optoelectronic 

properties of III-V semiconductors with silicon microelectronics. Group V hydrides such as arsine, 

phosphine and group III alkyls, viz. tri-methyl gallium, tri-methyl indium were used as precursors. 

To optimize the growth, parameters like growth temperature, precursors flow rates, V/III ratio and 

growth duration were varied. The samples were characterized by different microscopy and optical 

spectroscopic tools. In the present investigation InGaAs thin films were grown onto silicon 

substrates using a buffer layer of InP having thickness less than one micrometer with sharp 

interfaces between the grown layers. Gallium nano droplets were deposited on Si substrate by 

pyrolysis of tri-methyl gallium for the self- assisted growth of InGaAs nanowires via vapor solid 

liquid technique. It was observed that the size of the droplets increases at high temperature with 

reduced surface density. The effect of growth temperature and duration on the shape and size of 

the droplets were demonstrated on the basis of Oswald ripening based coalescence mechanism. It 

was found that partial coalescence of smaller droplets leads to the formation of valve-shaped 

nanostructures whereas complete coalescence of droplets gives rise to spherical nanomorphology. 

Selfcatalyzed InGaAs nanowires were grown on Si substrate by a two steps process in atmospheric 

pressure MOCVD using gallium nano droplets as catalyst. Growth temperature and the V/III ratio 

were optimized to obtain vertically stranded nanowires. Growth morphology showed that with 

increasing V/III ratio the diameter of the nanowires decreases. It was also found that the indium 

and gallium fraction varies along the length of the grown nanowires. The TEM fringe pattern 

revealed that the nanowires were grown along the (111) direction. Gallium phosphide 

nanostructures, grown on Si, was found to have height comparable to the Exciton Bohr radius, 

however, the diameter was larger. The increase in band gap energy of GaP nanostructures was 

explained with the weak confinement of charge carriers due to size quantization. Finally, a high –

k dielectric based metal oxide semiconductor capacitor with structure Si/InP/InGaAs was 

fabricated using 20 nm titanium oxide layer. Capacitance - voltage and frequency dependent 

conductance measurements were carried out to find the interface trap density and it is found to 

have smaller value on annealing in arsine ambient.  

Keywords: MOCVD, VLS Growth, Quantum Confinement, Self-catalyzed Growth, IIIV 

Nanowires, Quantum Dots, High-k Dielectric, MOSCAP, Interface Trap Density. 
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LIQUID DROP IMPINGEMENT ON A LIQUID POOL AND 

ASSOCIATED FLOW STRUCTURES 

 
Manas Ranjan Behera 

Supervisors: Prof. Sudipto Chakraborty and Prof. Anirvan Dasgupta 

Department of Chemical Engineering 

Accession No.: NB17257 

 

 

Impingement of a liquid drop on a liquid surface is ubiquitous in nature and has a range of 

applications in industry. One can observe that when raindrops impact on water surface, splashing 

occurs. However, the human eye cannot see the interplay of inertia, surface tension, and viscosity 

that generates this fascinating phenomenon. Underlying physics of these phenomena are of 

fundamental significance in the context of academia as well as industry. To gain deeper insight 

into these phenomena, experiments and numerical simulations are performed in the present work. 

This dissertation provides a comprehensive study of coalescence and splashing regimes and 

investigates their sub-regimes, namely, partial coalescence, complete coalescence and regular 

bubble entrapment as well as the associated flow structures such as the formation of the primary 

vortex ring, secondary vortex ring, blob, jet and a combination of them. Based on the coalescence 

stage, partial coalescence and complete coalescence are further demarcated into three sub-regimes: 

(i) first-stage partial coalescence, (ii) second-stage complete coalescence, and (iii) first-stage 

complete coalescence. The hydrodynamic variances of the coalescence process associated with 

different parametric analyses are also examined. The origin of the vortex ring and its evolutions 

are systematically investigated since it is a common feature in both the coalescence and splashing 

regimes. Subsequently, we derive a novel analytical model to study the viscous diffusion effect on 

the hydrodynamics of the vortex ring. The combination of experimental and numerical results, in 

conjunction with the analytical approach, provides noteworthy insights into the formation and 

dynamics of the vortex ring. In conclusion, the characteristics of different phenomena observed 

during the impingement of a liquid drop on a liquid pool, along with their genesis and inhibition 

criteria, are thoroughly examined in this work. Based on these findings, the associated phenomena 

are classified into regimes, sub-regimes and flow structures and shown in a series of phase 

diagrams as a function of controlling dimensionless parameters. This study will aid in a better 

understanding of the fundamental principles and mechanisms that lead to various drop impact 

dynamics phenomena. 

Keywords: Splashing; Bubble entrapment; Coalescence; Partial coalescence; Complete 

coalescence; Vortex ring. 
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UNSUPERVISED PATTERN DISCOVERY AND CLUSTERING OF 

SPEECH UTTERANCES FOR INFORMATION RETRIEVAL 
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Department of Computer Science and Engineering 

Accession No.: NB17258 

 

 

Speech information retrieval refers to the task of retrieving the relevant speech utterances to a user 

query, from a large collection of spoken archives. The main aim of this thesis is to present a novel 

approach to perform speech information retrieval based on the principle of pattern discovery and 

clustering of speech utterances. The key idea behind this proposed approach mainly focuses on 

finding the structure of repeating patterns from the raw speech utterances in an unsupervised 

manner. In this approach, we utilize the image processing, depth first search and machine learning 

techniques to find the matching acoustic patterns (keywords or phrases) between the speech 

utterances. We aggregate all matching acoustic patterns from the entire speech corpus, and 

segregate related speech utterances into broader domain-specific classes (clusters) using clustering 

techniques. In each cluster, speech utterances are indexed using unique keywords. This process of 

clustering the speech corpus helps in performing the retrieval task more efficiently by matching 

the user query with the unique keywords present in each domain.   

 

A web-based user interface is developed with which a user is allowed to upload a spoken query. 

Once the user uploads the query, the matching process between the spoken query and the unique 

keywords is carried out by the unsupervised pattern discovery technique. The list of speech 

utterances associated with the matched unique keyword is retrieved and displayed to the user. In 

this thesis, novel methods for unsupervised pattern discovery are devised using image processing, 

depth first search and machine learning techniques. The proposed pattern discovery techniques are 

evaluated on Hindi and Bengali speech corpora. The obtained results by the proposed method are 

better in comparison to the state-of-the-art methods. Also, the performance of the developed 

speech retrieval technique is observed to be quite decent and accurate. This methodology can be 

generalized and extended to various real-world scenarios. 

 

The major contributions of the thesis are summarized as follows: 

1. A robust unsupervised pattern discovery method is proposed at frame level, based on the image 

processing techniques to determine the matched pairs of speech documents.  

2. An unsupervised pattern discovery technique is proposed at phoneme/sound unit level using 

neighbor depth-first search (3-NDFS) traversal method. 

3. A convolutional neural network (CNN) based unsupervised classification model is proposed to 

enhance the accuracy of image processing method for unsupervised pattern discovery. 
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4. A method is devised to generate the indexed keywords and their associated speech utterances in 

each cluster. 

5. A web-based user interface is developed to perform the speech information retrieval task. 

 

Keywords: Unsupervised Pattern Discovery, Clustering of Speech Utterances, Gaussian Mixture 

Model, Convolutional Neural Network, Dirichlet Process Gaussian Mixture Model, 3-Neighbor 

Depth First Search, Speech Information Retrieval, Extraction of Keywords, Indexed Keywords, 

Speech Indexing System 
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OF WELLBEING 
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Supervisors: Prof. Priyadarshi Patnaik and Prof. Damodar Suar 

Advanced Technology Development Centre 

Accession No.: NB17259 

 

 

Background: Literature is replete with evidences suggesting the importance of social relationships 

in determining wellbeing. However, while significant amount of work has been undertaken on 

various aspects of intimate and close relationship, scant research can be identified on other social 

relationships, their types, and their contribution to wellbeing. Moreover, most studies on different 

aspects of social relationships, wellbeing and happiness are focused primarily on people from 

North America and Europe. In the context of India, which has a strong tradition of collectivism 

and has a 69% rural and tribal population and a rapidly urbanizing and changing population in 

cities, an exploration of social relationships seems pertinent. Objectives: Against this background 

this thesis first attempts to identity the determinants of relationship for wellbeing, especially for 

key social relationships through a detailed review; next identify the determinants that contribute 

to happiness with regards to close and community-based relationships in rural and urban context; 

and finally, identify key social groups other than close relations and assess their relationship 

quality in five different territorial contexts- rural, tribal, slums, old colonies and gated 

communities, in India. Methodology: The work employs systematic literature review, qualitative 

and quantitative methods to address the various objectives respectively. 

 

Findings: Results from literature review suggest that 27 key aspects of relationship, categorized 

under four broad dimensions- feelings, behaviours, connectedness and communication, 

determined wellbeing. Similarly, qualitative findings suggest that 15 relational aspects determined 

happiness with regards to close relationship in rural and urban India. Finally, 16 social groups, 

some common and some unique, were identified as important in determining wellbeing across five 

territorial contexts. The five contexts, however, showed interesting patterns of prioritization of 

certain kinds of social groups over others. Findings suggest that, while modernization, urbanization 

and changes in values, political and wellbeing orientations have introduced new types of need-

based social groups, the majority of the groups were of traditional types, that have persisted 

through civilizational ups and downs, and have come down to ontemporary times.Conclusion: This 

work is a small step towards establishing the significance of ommunitybased social relationships, 

irrespective of collectivistic or individualistic orientation, modern or traditional ways of living. 

However, in order to better understand individual communitybased social relationships and social 

groups in Indian cultural context, more research is required in this area. 

 

Keywords: close relationships, community-based relationships, determinants, gated communities, 

happiness, India, old colonies, rural, slums, social groups, tribal, urban, wellbeing 
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Tea (Camellia sinensis) having antiinflammatory, antioxidant, and free radical scavenging 

properties, may be beneficial to prevent the symptoms of neurodegenerative disorders like 

Alzheimer’s disease (AD). The therapeutic properties, however, dependent on the concentrations 

of various phytonutrients in fresh tea leaves, which is highly regulated by field level agronomical 

management. In this study, an attempt was made to compare the quality parameters of tea leaves 

grown under organic and inorganic nutrient management practices. The AntiAlzheimer’s effect of 

the tea leaves grown under different nutrient management practices on rat models of AD and the 

behavioural changes in AD patients were also investigated in this experiment. Field experiments 

using the productive tea clone (TV25) with four nutrient management treatments were conducted 

during 2015 to 2017 in the research farm of Agricultural and Food Engineering Department, Indian 

Institute of Technology Kharagpur. The four nutrient management treatments were no application 

of fertilizer (control), organic fertilizer (OF), inorganic fertilizer (IF), and integration of OF and 

IF. Tea leaf samples as two leaves and a bud were collected in three replications from all treatment 

plots in three different commercial harvest seasons (May, July, and September) for the quality 

analysis and animal feeding experiment of AD rats. The OF treatment resulted significantly higher 

Mg and total phenolics content, antioxidant capacity, and acetylcholinesterase inhibitory activity 

of tea leaves as compared to the IF and control treatments throughout the sampling season, July 

being the best. In animal experiment, administration of the organic teat extract to AD rats 

significantly lowered the Aβ42 level to 49±1.5 pg mg−1 from the value 84±1.7 pg mg−1 in brain of 

untreated AD rats. The organic and integrated tea extract treatments showed greater αsecretase and 

free radical scavenging enzymatic activity in AD rats, which was comparable with Celecoxib 

treated rats. Feeding the organic tea extract to AD rats reduced the toxic Aβ42 peptide (up to 41%), 

COX2 (34%), malonaldehyde (50%), and nitrite (48%) level compared to untreated rats. Further, 

consumption of the organic tea improved the cognitive impairment in patients suffering from mild 

to moderate dementia due to AD. The results revealed the effectiveness of organic tea as a 

promising neuroprotective agent to prevent the AD. 

 

Keywords: Alzheimer’s disease, Antioxidant activity, Acetylcholinesterase activity, Aβ42 level, 

Nutrient management, Organic tea. 
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The present study focuses on valorisation of pomegranate peel by extraction and encapsulation of 

hydrolysable tannins and its application in food formulation. Response surface methodology 

(RSM) and artificial neural network coupled with multi-objective genetic algorithm (ANN-

MOGA) was used to determine the optimum pulsed ultrasonic assisted extraction condition viz. 

solvent volume, amplitude, time and duty cycle. The optimized condition predicted by ANN-

MOGA (35 mL solvent, 45% amplitude, 20 min and 100% duty cycle), yielded 5.97% and 7.54% 

higher punicalagin and hydrolysable tannin extraction, respectively, than RSM predicted values. 

The phytochemical characterization revealed the presence of 15 different hydrolysable tannin in 

the extract obtained under optimized condition. Pomegranate peel hydrolysable tannin (PPHT) 

was purified from the extract by eluting in Amberlite XAD column. The combination of eluting 

solvents was studied to yield highest hydrolysable tannin. Double emulsion was fabricated with 

PPHT in the internal aqueous phase of double emulsion. Span 80-to-lecithin ratio of 1:1 and 4% 

gum Arabic in formulating double emulsion increased the storage stability up to 60 days at ambient 

condition and exhibited 3.47 times increase in the bioaccessibility than crude PPHT. Physical 

stability was observed for the double emulsion throughout the storage at pH 3.0 – 8.0 and at time-

temperature combination of 63 °C for 30 min and 72 °C for 15 s. Further, the shortdough biscuits 

with encapsulated PPHT showed no astringency. The fat replacement of up to 40% was found to 

produce best overall acceptance as evaluated by sensory evaluation. The shelf life of the biscuits 

was obtained as 98 days considering moisture adsorption to be the limiting factor for safe storage. 

The degradation of hydrolysable tannins was modelled into zero order (𝑅𝑎𝑑𝑗 2 = 0.969) and first 

order kinetics (𝑅𝑎𝑑𝑗 2 = 0.995) that exhibited good fit with the experimental data. Thus, these results 

facilitated the formulation of PPHT encapsulated double emulsion with enhanced bioaccessibility 

and stability. Also, the developed fat reduced shortdough biscuits are healthier alternatives, 

possessing functional properties, without imparting undesirable flavour from hydrolysable tannin. 

 

Keywords: Response surface methodology, artificial neural network, multi-objective genetic 

algorithm, hydrolysable tannin, double emulsion, in-vitro digestibility, release kinetics, 

bioaccessibility and physical stability 
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Architectural synthesis into a Field Programmable Gate Array (FPGA) from a behavioral 

description often fails to provide optimal performance, due to its inability to harness the high speed 

promise of the internal fabric properly. Coupled with this, FPGAs support only a handful logic cell 

configurations, for which not many high speed implementation variants exist for a particular 

design. By adopting state-of-the-art FPGA slice architecture as a representative example, this 

dissertation addresses the involved design challenges of speed-area efficient implementations and 

inclusion of testability with minimal overhead.   

Our approach is directed towards realizing modular, cascadable, bit-sliced structures using 

Huffman style of digital design modelling, which enhanced the possibilities of logic optimization 

and superior FPGA mapping, often adorned with VLSI testability. The cascade connections have 

been carefully implemented using the hardwired fabric of the FPGA to reduce dependability on 

the slower programmable routing resources. We studied the percentage of underutilization in the 

instantiated FPGA slice primitives to append necessary functionalities and testable logic, all of 

which can be coalesced into the original design with minimal overhead. The addressed solutions 

culminate into superiorly crafted architectures for multiple datapath design units, equipped for 

maximum speed performance for a given FPGA fabric architecture. An informed choice of a 

proper algorithm and appropriate encoding schemes in digital arithmetic were executed keeping 

FPGA specific design optimization into consideration. 

Unification of the supposedly disjoint concepts of efficient datapath design and testable logic 

insertion was carried out for a class of FSMs called cellular automata (CA), where scan insertion 

architecture which facilitates fault localization can also initialize the FSM to a new state as part of 

its original functionality requirements. CA is governed by nearest neighbourhood adjacency, best 

understood for one-dimensional structures involving adjacent neighboring cells to govern logic 

functionality and support scan, which makes it attractive for VLSI implementations. For a two-

dimensional CA, neighborhood adjacency is schematically expressed through trees, graphs and 

square arrays. We have proposed algorithms to realize such geometries in hardware by efficient, 

predominantly columnar logic packing into FPGA slices, that retains maximal adjacency in 

physical implementations, and incurs less interconnection delays. 

The outcome of such exercises resulted in C-testable designs, alternating logic realization for error 

detection, or scan path insertion, all through optimized logic configuration without any discernible 
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speed or area penalty. Additionally, our proposed design automation facilitated architecture 

realization and predictability of implementation results. 

 

Keywords: Field Programmable Gate Arrays, Primitive instantiation, Hardware description 

language, Look-up table, Carry chain, Design automation, Cellular automata, Fault Localization, 

Scan chain, Alternating logic, C-testability 
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Utilization of plant growth promoting (PGP) endophytic bacteria could be an effective strategy in 

the implementation of sustainable agriculture to enhance crop productivity. The present study 

firstly explores the community structures, habitations, and potential PGP attributes of endophytic 

bacteria from the rice plant through next generation sequencing (NGS), which is a prerequisite to 

isolation, characterization and developing formulation of selected endophytes for testing PGP 

traits in rice crop. The taxonomic abundance and diversity of seed-transmitted endophytic bacteria 

inhabiting in vitro grown root, shoot and callus tissues of two aromatic rice cultivars were 

unraveled through 16S rRNA gene-based Illumina NGS. Wide variability in the number of 

bacterial operational taxonomic units and genera was observed between the two root and shoot 

samples, but not between the two callus samples, indicating tissue-specific and genotype-

dependent bacterial community distributions in rice plant, even under similar gnotobiotic growth 

conditions. Once new insights on utilizing callus cultures for isolation of seed-transmitted 

endophytic bacteria were obtained; subsequently nine bacterial endophytes, designated as PB001-

PB009, were isolated from in vitro grown calli of the two rice cultivars. Biochemical investigations 

validated in silico functional annotation that they possess several PGP traits, such as phosphate 

solubilization, indole acetic acid biosynthesis, nitrogen fixation, and production of ammonia, 

amylase, siderophore and 1-aminocyclopropane-1-carboxylic acid deaminase. Findings in 

gnotobiotic conditions revealed an increase in fresh and dry weights, and root and shoot lengths 

of seedlings germinated from endophyte-primed seeds than the control (uninoculated) set in a non-

host and two host rice cultivars. In net house experiments, plants germinated from Micrococcus 

sp. PB001, Pseudomonas sp. PB002, Methylobacterium sp. PB005 and Methylorubrum sp. PB009-

primed seeds of the non-host rice cultivar showed an increase in several vegetative and 

reproductive parameters than control plant sets, further validating inter-cultivar PGP abilities of 

these endophytes by modulating the abundance of certain sets of plant metabolites. Based on the 

growth compatibility between the bacterial isolates, four single-strain and two multi-strain talc-

based formulations were developed, all of which exhibited a shelf-life of upto 90 days at room 

temperature. Preliminary field trials established that the single-strain bioinoculant formulation of 

Micrococcus sp. PB001 demonstrated the best intra-cultivar and inter-cultivar PGP traits, leading 

to improved rice crop productivity; thereby serving as a promising solution to practise eco-

sustainable agriculture. 
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This dissertation presents the results of a detailed numerical investigation on Rayleigh-B´enard 

magneto convection in the presence of a uniform vertical magnetic field. Direct numerical 

simulations (DNS) are based on a pseudo spectral method to study the statistical properties of soft-

turbulence in the magneto convective flow. The Coriolis force also affects agnetoconvective 

instabilities near the instability onset. All the simulations used a periodic cell with thermally 

conducting, electrically non-conducting and stress-free boundaries.  

 

The thermal flux is computed for different fluids including Nano fluids (0.1 ≤ Pr < 6.5)) for several 

values of the Chandrasekhar number Q (50 ≤ Q ≤ 2.5 × 104). For a fixed value of the Rayleigh 

number Ra, the time averaged Nusselt number hNu(Q)I decreases logarithmically with 

Chandrasekhar number for Q > Qc(Ra, Pr), which depends on both Ra and Pr. The reduced Nusselt 

number Nur = hNu(Q)i/hNu(0)i rises sharply, reaches a maximum slightly above unity and then 

start decreasing very slowly to unity as the value of a dimensionless parameter p 

Ra/(Q Pr) is raised slowly. 

We have computed the Probability distribution functions (PDFs) for the thermal flux, velocity 

fields and convective temperature field from the simulations. The PDFs of horizontal thermal flux 

are non-Gaussian but symmetric about their maxima. The vertical thermal flux is also non-

Gaussian but asymmetric about its maximum. The PDF of the thermal flux shows a cusp at its 

maximum. A part of the tails of PDFs for thermal fluxes is exponential on both sides of the 

maxima. The exponential factor depends the values of Ra, Pr,Q. The PDFs for the velocity fields 

and the convective temperature are symmetric about their maxima. The PDFs of the horizontal 

velocities are Gaussian only at the top, but their tails depend on the values of Ra, Pr,Q. The PDFs 

for the vertical velocity show cusps at their maxima. Their tails fit with two different exponential 

curves. The PDFs for the convective temperature are very flat at the top and is quite different from 

all other PDFs. 

 

Power spectral densities (PSDs) in the frequency space for the global quantities (kinetic energy, 

entropy and heat flux) are computed numerically for different values of Prandtl number Pr (0.1 ≤ 

Pr ≤ 6.4). Large values of Pr are relevant for Nano fluids, while the lower values of Pr are relevant 

for Earth’s liquid core. All the power spectral densities vary with frequency f approximately as f−2 

for higher values of Q. This scaling behaviour appears universal and is valid for more than two 

decades in frequency. The scaling exponent for frequency power spectra of all global quantities is 

independent of Ra, Q and Pr. 

 

The effects of a combined uniform vertical magnetic field and a uniform rotation about a vertical 

axis on the magneto convective instabilities in a water-based Nano fluid (Pr = 4.0) are interesting. 
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The magneto convection appears as stationary two-dimensional rolls near the instability onset. As 

the reduced Rayleigh number r = Ra/Rac(Q) is raised in small steps, different time-dependent fluid 

patterns appear. Some of these patterns show hysteresis. 

 

Keywords: Rayleigh-B´enard magneto convection, Direct numerical simulations, Bifurcations, 

Rayleigh number, Chandrasekhar number, Nusselt number, local heat flux, thermal boundary 

layer, Power spectral density, nanofluids 
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Nowadays, optimization is used in almost every field of research and industrial applications. In 

the literature, there are mainly two categories of optimization tools, viz., traditional and 

ontraditional algorithms, available. Traditional optimization tools work mostly in a deterministic 

manner and these are not suitable to tackle complex, non-linear, and discontinuous objective 

functions. Moreover, the trapping of solutions in local optimum basins is a big concern for these 

algorithms. In contrast, non-traditional tools, which are motivated by some natural phenomena, 

can overcome those issues. These algorithms are mathematically simple, easy to apply, robust, and 

powerful to solve a variety of problems. Among several algorithms, the Genetic Algorithm (GA) 

is one of the most popular and commonly-used optimization techniques. Besides several 

advantages of a GA, there are some limitations, like slow convergence rate, weak local search 

capability, and low probabilistic guarantee to find the globally optimum solution, etc. To elude 

these demerits, several efforts were made by various researchers. However, those were not 

sufficient to make GA intelligent enough. In this study, various efficient operators, like selection, 

crossover, mutation, restart-strategy, and search space reduction technique are developed. 

Moreover, a new intelligent optimization tool, namely Bonobo Optimizer (BO) is proposed in both 

single- and multi-objective realms. Furthermore, a Self-adaptive Bonobo Optimizer is also 

constructed to make BO more efficient. The performances of all these algorithms are checked 

through several experiments including test functions and real-world optimization problems. 

Moreover, the obtained results are analyzed and found competitive compared to that of state-of-

the-art algorithms. 

 

Keywords: Intelligent Genetic Algorithm; Bonobo Optimizer; Multi-objective Bonobo Optimizer; 

Self-adaptive Bonobo Optimizer; Repulsion-based Learning. 
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The thesis incorporates three studies. The first study examines the trend of publications on 

compensation from 2004-17. It identifies topics that have undergone growth, maturity or decline 

phases over the timeline. A cubic pattern is found on topics of benefits, compensating special groups, 

employee contributions, environmental factors, workforce diversity, international compensation, and 

organizational justice. A quadratic pattern is observed on topics of individual factors, strategic 

compensation, and wage administration. It also identifies the most referred journals, type of studies, 

region of concentration, and most cited authors. The second study, based on secondary data, explores 

the impact of corporate governance on CEO compensation in Indian manufacturing firms. Findings 

suggest that increase in board size, board independence, women director in board, CEO duality, and 

institutional holdings reduces CEO compensation. Also, higher environmental, social, and governance 

disclosures rationalize CEO compensation. The third study, based on primary data, investigates the 

antecedents and consequences of compensation satisfaction of middle-level managers in Indian 

manufacturing firms. Findings reveal that managers, possessing stronger personal values and working 

in favorable HRD climate, perceive lower compensation and benefit discrepancy. The lesser 

compensation discrepancy perception enhances compensation and benefits satisfaction, mediated 

partially through justice perception and moderated through psychological capital. The compensation 

and benefit satisfaction furthers engagement and happiness. Higher engagement via job crafting 

improves managers’ performance and the later promotes their happiness. Implications of findings are 

discussed. 

Keywords: compensation, product life cycle, corporate governance, compensation and benefit 

satisfaction, happiness 
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In the last few decades, natural hazards have produced many devastating effects on communities 

around the world. Following a devastating natural hazard, some survivors adapt well, show growth 

trajectory and resilience, while others do not. With this backdrop, two studies were carried out to 

examine the antecedents and consequences of resilience among natural hazards’ survivors. The 

first study, using a qualitative approach, aims to explore the precursors of resilience among 

survivors of the 2018 Kerala flood in India. Twenty-one survivors were interviewed with seven 

semi-structured questions aimed at unpacking their lived experiences. Responses were 

thematically analyzed, and three themes emerged: dispositional, cognitive, and situational 

attributes. Dispositional attributes incorporate adaptive processes to meet emerging challenges and 

include self-efficacy, hope, optimism, striving, and grit. Cognitive attributes include cognitive 

reframing and flexibility, which facilitate survivors’ ability to analyze situations and formulate 

adaptable solutions. Situational attributes incorporate social support, community embeddedness, 

and collective efficacy, which create an avenue for overcoming situational demands. These 

attributes contribute to survivors’ resilience in countering the adverse consequences of the flood. 

The second study, using a quantitative approach, explores the antecedents and consequences of 

resilience among 2019 cyclone Fani survivors in Odisha (India). Twelve months after cyclone 

Fani, 300 survivors were interviewed from one village each in districts of Puri and Balasore, 

Odisha. Findings suggest that the survivors’ higher self-efficacy, hope, cognitive flexibility, 

collective efficacy, social support, and health promote their resilience. Higher level of resilience 

furthers survivors’ posttraumatic growth and thrives. Conclusively, resilience mediates the 

relationship between antecedents and outcomes. Improving the antecedent resources and resilience 

can facilitates posttraumatic growth and thrive among disaster survivors. 

Keywords: Natural hazard, thematic analysis, resilience, antecedents, consequences, survivor 
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It is well known that linear time-invariant (LTI) controllers fail to provide sufficient robustness to 

LTI plants with non-minimum phase (NMP) zeros because of their inability to relocate NMP loop-

zeros. LTI controllers may pose similar robustness issue for a non-square unstable plant even if it 

is minimum phase. With regards to decentralized setting, LTI controllers often fail to provide 

desired centralized performance if the multi-channel plant is coupled and cannot even stabilize if 

the plant has unstable decentralized fixed modes (DFM). A literature review reveals that the loop-

zero placement capability of periodically time-varying controllers can sort out some of these 

issues. However, the continuous-time periodic controllers reported so far can be employed for 

single-input single-output plants only and it is difficult to apply them to multivariable plants 

because their design approach is predominantly polynomial-based. To resolve this issue, this thesis 

first proposes a multivariable continuous-time periodic controller which can be designed using 

state-space based methods. Using averaging technique, the design of periodic controller is 

transformed into designing an LTI controller for an equivalent LTI plant. It is shown that the 

periodic action creates additional outputs in this equivalent plant, which helps make it minimum 

phase and with no more inputs than outputs under certain conditions. To study the robustness of 

the above controller against parameter variations more rigorously, next, LTI plants with norm-

bounded parametric uncertainties are considered with the aim to guarantee robust performance. It 

is shown that the additional outputs of the equivalent plant helps achieve superior robustness 

bounds than the ones achievable with LTI controllers. Further, to mitigate issues with decentralized 

LTI control, a decentralized version of the above centralized periodic controller is employed for 

linear quadratic compensation of multi-channel plants with DFMs. It is shown that the inherent 

centralized action of the decentralized periodic controllers helps remove DFMs if the plant is 

strongly connected. Finally, it is investigated if and when the periodic gains of the above 

decentralized controller can be exploited to achieve the same level of input-output behavior as can 

be obtained by a given centralized LTI controller. At the end, conclusions are drawn and some 

directions for future research are identified. 

 

Keywords: Continuous-time periodic control, multivariable plants, decentralized control, zero 

placement, robust control 
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The concept of Airy function was first introduced as a unique undistorted accelerating solution to 

the time dependent Schrodingers equation. The realization of the Airy function in optical domain 

was introduced much later exploiting the isomorphism between the Schrodingers equation and 

linear diffraction equation. After this discovery the self-healing and self-accelerating dynamics of 

the Airy function in optical domain has been studied extensively. In the temporal optical domain, 

the unique properties of the finite energy Airy pulse (FEAP) has been explored in both linear and 

nonlinear optical mediums where the pulse dynamics is governed by nonlinear Schrodingers 

equation (NLSE). It has been shown that the Airy pulse loose its characteristics and sheds optical 

soliton in nonlinear mediums which is undesirable in the context of the FEAP dynamics. In our 

thesis we explore the self-healing and bending properties of the FEAP in linear optical domain. 

Near the zero dispersion wavelength where the effect of third order dispersion (TOD) is dominant 

FEAP faces a temporal piping at a particular distance and beyond that spatial position the pulse 

propagates with opposite acceleration. In our study we have concentrated to explore this unique 

property of FEAP in presence of TOD. Throughout our study we have used Si-based optical 

waveguides which are suitabely designed using COMSOL commercial software. We have 

provided adequate details about the designing of the waveguide as per our convenience throughout 

the thesis. In the first part of our thesis we have highlighted that a suitable cubic phase 

modulation(CPM) can enhance the healing effect of the FEAP by counterbalancing the temporal 

reversal due to dominant TOD hence it can preserve the pulse shape for a longer distance. On the 

other hand, a suitable quadratic phase modulation (QPM) parameter can temporally squeeze a 

FEAP to absolute limit and leads to the formation of an ampli_ed chirp-free Gaussian pulse useful 

for remote energy transfer. To further explore the rich dynamics of the trajectory of the pulse we 

have shown that under the inuence of a linear temporal potential the trajectory of the pulse can be 

delicately engineered and there is a monotonous spectral shift which may lead to dominant TOD. 

We establish the general solution of the pulse for nonvanishing TOD in presence of linear optical 

potential. It is shown for positive TOD, the pulse can be absolutely focused for a particular value 

of the potential strength. Basically, in these works we have shown that the trajectory and properties 

of the FEAP can be altered without disturbing the optical medium of pulse propagation which is 

very important for application purpose.Although in the later part of our thesis we have shown that 

the properties of FEAP can be considerably altered by effcient dispersion modulation of the optical 

medium.We have designed two distinct type waveguides whose dispersion profiles change linearly 

and periodically with distance.We find that a linear spatial variation of GVD may lead to a quasi-

linear trajectory of the accelerating FEAP with modulated peak power.For the periodic case we 

have analytically shown that selective temporal focusing can be achieved by suitable designing of 
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the waveguide. The above mentioned observations of the properties of FEAP are done in linear 

optical medium. But,we have also shown that the collision of the FEAP and an optical soliton 

inside a Kerr medium can initiate very strong radiation in presence of TOD. The spectral position 

of te radiation is found analytically for both positive and negative TOD. All the results throughout 

the study are derived analytically and they are verified numerically with satisfactory agreement. 

 

Keywords: Airy pulse; Nonlinear Schrodingers equation; Optical Soliton; Third-Order 

Dispersion; Kerr Nonlinearity; optical waveguide 
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The rechargeable magnesium metal batteries (MMBs) are one of the emerging alternatives of 

lithium-ion batteries (LIBs) as they show a high volumetric capacity, non-toxic nature, a divalent 

charge of Mg-ions. Moreover, its dendrites free and one of the most abundant elements in the earth 

crust. However, MMBs are at a very early stage of research due to lack of high ionic conductivity 

and high electrochemically stable, electrolytes system. The ionic conductivity, electrochemical 

stability and thermal stability of the electrolyte system is an essential parameter for improving 

battery performance and safety. Herein, an attempt has been made to prepare different electrolytes-

separator systems using polymer and glass-ceramic as a membrane. The three different polymers 

(1) PVDF, (2) PVDF-co-HFP and (3) PAN are used as polymer membrane for the present study. 

All polymer membranes are prepared by electrospinning techniques, which is one of the most 

efficient techniques to prepare nonwoven porous mat with bead free and uniformly distributed 

nanofibers. The β-phase of PVDF is achieved by electrospinning process which is polar and 

electroactive with a high dipole moment. The electrospun mats are immersed in magnesium 

perchlorate (Mg(ClO4)2) and propylene carbonate (PC) solution to form the gel polymer electrolyte 

(GPE). 

The physical and electrochemical characterization is carried out by various techniques to 

investigate the performance of GPE. The ionic conductivity of electroactive PVDF based GPE is 

found to be 1.49 mS cm-1 at 30 °C, which is higher than commercially available polypropylene 

(PP) Celgard. The electrochemical stability of the EGPE is stable up to a high voltage of 5.0 V 

against Mg+2/Mg. Later, to improve the ionic conductivity, PVDF-co-HFP (high amorphous 

phase) is used as a polymer membrane in GPE. The effect of the crystalline phase and surface 

structure of electrospun PVDF-co-HFP membranes are principally reviewed The ionic 

conductivity and electrochemical stability of PVDF-co-HFP copolymer electrolyte membranes are 

found to be 1.62 mS cm-1 and 5.5 V, respectively. To further enhance the thermal stability as well 

as ionic conductivity of GPE, polyacrylonitrile (PAN) is used as a polymer membrane. The 

achieved ionic conductivity of PAN-based GPE is 3.28 mS cm−1, electrochemical stability is 4.6 

V. They also have shown excellent interfacial stability with magnesium metal. The results showed 

that the PANbased GPE has superior ionic conductivity and thermal stability than the PP Celgard 

membrane. Subsequently, an attempt has been made to compare the physical and electrochemical 

characteristics of glass-ceramic and PP Celgard membranes as separators in the Magnesium metal 

battery, using magnesium bis(trifluoromethanesulfonimide) and PC as an organic electrolyte. The 

characterizations like X-ray diffraction, field emission electron microscopy, electrolyte uptake, 

ionic conductivity, electrochemical stability, thermal stability and transference number are 
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thoroughly examined for both the membranes. The glass-ceramic electrolyte system showed 

significantly higher ionic conductivity of 9.22 mS cm-1 at room temperature as compared to the PP 

Celgard membrane (6.55 × 10-3 mS cm-1). Additionally, the glass-ceramic electrolyte system 

showed higher thermal and electrochemical stability. 

In summary, the increase in ionic conductivity, thermal and electrochemical stability is achieved 

by proper selection of polymers, synthesis process and proper selection of electrolyte (salt and 

solvent) which creates an excellent possibility for commercial MMBs. 

Keywords: Electrolyte-separator system, Gel polymer electrolyte, Magnesium metal battery, β-

phase PVDF, Glass-ceramic membrane, Ionic conductivity, Electrochemical stability, Thermal 

stability. 
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Traffic congestion and associated negative externalities have been a major concern for transport 

planners. The supply-side approach of dealing with traffic congestion fails in the long term due to 

the induced demand that it generates. The demand side approach that works on the principle of 

modifying the demand to match the existing supply is seen as a more sustainable approach in 

addressing the challenge of traffic congestion. Although many studies have analyzed the impacts 

of a single Travel Demand Management (TDM) measure, very few studies have attempted to 

analyze the impacts of combining these measures. The present work is aimed to model the impacts 

of combining a coercive TDM measure (push) with a persuasive TDM measure (pull) on the mode 

choice decision of the trip makers. The old city of Ahmedabad was chosen as a case study area for 

the study.   

The first objective of the study focuses on devising a methodology for the selection of the TDM 

package (Push and pull combined) for the study area. A Multi-Criteria Decision Making (MCDM) 

approach was adopted for evaluating and identifying TDM packages based on the judgment of 

experts. The MCDM method DEMATEL based ANP (DANP) was applied to derive the weights 

of the criteria that were used in the decision-making process and VIKOR method was used to 

derive the ranking of the TDM packages. Fuzzy logic was merged in the entire methodology to 

account for the subjectivity involved in experts’ judgment. The output of the first objective was 

the selection of Congestion Pricing and Public Bike Sharing (CP-PBS) as the most suited TDM 

package for Ahmedabad old city. Another output of applying DANP and VIKOR was the Influence 

Network Relationship Map (INRM), which explains the underlying thinking of experts while 

selecting the TDM package. 

The second objective of the study was to conduct a mode choice analysis for the selected TDM 

package. A stated preference experiment was designed to collect data from the private vehicle 

drivers for work trips. Integrated Choice and Latent Variable (ICLV) model was developed to 

estimate the impacts of psychological variables on the mode choice decision apart from traditional 

variables related to socio-economic, mode attributes, and level of service. The model incorporated 

the Value-Attitude-Behavior (VAB) theory of cognition into choice modeling by developing a 

hierarchical structure into the ICLV model. The results of the modeling explained the role of 

values, attitudes, and other traditional variables in influencing the mode choice preference under 

the influence of the CP-PBS scheme. The model proved the statistically significant impact of 
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combining TDM measures on mode choice, whereas the standalone push and pull TDM measures 

failed to show any impact. 

The application of the model was shown by predicting the emissions and financial Internal Rate 

of Return (IRR) for future scenarios. The financial scenarios were created by varying the traffic 

volume and financial indicators, whereas the emission scenarios were created by varying adoption 

rates of new vehicle technology. The results of financial and emission scenarios were compared 

with the real-life impacts of congestion pricing in cities like London, Stockholm, and Singapore 

to give a comparative idea about the potential of CP-PBS scheme for Ahmedabad old city.  

The present work contributes to the existing scientific literature by developing a methodological 

framework for the selection of combined TDM measures and assessing their impacts on mode 

choice behavior. Although the methodology was applied for the case area of Ahmedabad old city, 

it can also be transferred to other cities looking to tackle the issue of traffic congestion and 

associated negative externalities. 
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Periodic waves of corporate irregularities are common in developed and emerging economies, with 

the latter being more susceptible to such scandals. Corporate frauds due to opportunistic behaviour 

of management, oversight of the board of directors, and failure of internal control mechanism in 

an organization hamper shareholder value causing considerable losses to investors. This research 

study focuses on two aspects of corporate fraud: the managerial incentives leading to corporate 

fraud and the mitigation mechanism through the governance structure.   

The study analyzes whether managerial remuneration acts as an incentive to corporate fraud. 

Further, it also aims to explain whether corporate governance mechanisms and internal monitoring 

by non-CEO executives can curb fraudulent activities in an organization. The study uses a dataset 

consisting of 340 fraud and non-fraud firms matched on 1-3 propensity score method along with 

independent variables measures and control variables for each research objective. It employs 

univariate t-tests and conditional matched logistic regression estimates to analyze the study's 

objectives.  

The results show that lower managerial remuneration motivates the managers to become involved 

in fraudulent behaviour. The board and audit committees play crucial roles in mitigating corporate 

fraud. Larger boards, separation of the role of CEO and chairperson, and fewer board meetings 

ensure fewer irregular activities by management. The presence of independent financial experts in 

the audit committee is significantly effective in curbing fraud. High promoters’ shareholding are 

a deterrent to corporate fraud in an organization. 

Further, internal monitoring or mutual monitoring by non-CEO executives could deter the CEO 

from self-interested actions and refrain from committing corporate fraud. The research study 

includes policy, managerial, and academic implications. It gives insight to the board on 

management’s optimum remuneration policies to motivate them to refrain from indulging in fraud. 

The findings have implications for the regulatory authorities to understand the relevance of 

effective corporate governance mechanisms to curb fraud. It contributes to the academic literature 

on corporate fraud and corporate governance for an emerging market. 

JEL Classification: K42, G3, G34, M12, M52 

Keywords: Corporate fraud, Corporate governance, Managerial incentive, Internal monitoring, 

Managerial compensation, Mitigation mechanism 
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The design space of integrated circuits and systems are becoming increasingly intricate and 

difficult to manage day by day. The model-based design paradigm is a natural consequence of the 

rising complexity of such engineering systems. Model-based system design demands efficient 

construction of models at different levels of abstraction combined with systematic methodologies 

to apply the model in designing and verifying the system. In this thesis, we primarily focus on 

developing formal model-assisted systematic approaches for the design and implementation of 

integrated systems. The present line of research touches upon intricate problems, arising in the 

domains of circuits and control systems.  

The first problem addressed in course of this thesis is a control design problem for the energy-

aware operation of the Heating Ventilation and Air Conditioning (HVAC) system. We propose an 

energy-aware building resource allocation and economic model predictive control (MPC) 

framework for HVAC system design and control. Our approach comprises a two-step hierarchical 

technique where we first minimize the running time of individual zone-based HVAC air supplies 

suitably allocating building resources (thermal zones) to the usage demands for zones. Next, we 

formulate a finite receding horizon control problem for trading off energy consumption against 

thermal comfort during HVAC operations. 

The second problem in this research concerns the implementation issues of MPC systems, in 

continuation of the previous line of work, in the context of resource-constrained real-time control 

settings. We propose a systematic approach for computational platform-specific linear MPC 

implementation that guarantees control inputs within pre-define delay and maintains satisfactory 

control performance during real-time control of large scale plant. The plant model is analyzed 

systematically to formulate the optimization problem, measure the computation time for solving 

the problem and provide required optimization parameters for implementing the MPC system on 

a dedicated computing platform. 

The last work in this research attempts at solving a combinatorially intensive design problem in 

the circuits domain. It deals with the issue of automated test program generation for finding 

alternative bug scenarios that are useful for verifying the robustness of bug fixes in microprocessor 

design. The proposed methodology provides a high-level abstraction for representing micro-

architectural events, a formalized characterization of the bug scenario and usage of AI planner for 

finding alternative bug scenarios. 

Both the works on control design and test plan generation are applicable in different domains but 

exhibit a common solution theme. In both cases, we leverage hierarchical modelling. The control 
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problem is addressed with a demand allocation phase, followed by supervisory MPC and then the 

lower level control design. The test generation problem is addressed with high-level planning 

followed by concrete test program generation. For all the problems investigated in this research, 

we develop model-based tool-flows with manageable run times. 

 

Keywords: Cross-computing tools and techniques, Model-based design, Energy-aware HVAC 

control, Platform-aware MPC, Automated planning and test generation. 
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Rising concern on climate change compels the electric power grids to move towards the low-

carbon emission options. Large-scale integration of renewable energy sources is the emerging 

solution in this direction. Fault ride through compliance necessitates the presence of such plants in 

the network even during fault. Variability associated with renewable plant generation, diversity in 

control operation, and different grid codes result in change in the fault behavior of the network and 

challenge the performance of protection schemes. In this thesis, distance relaying widely used for 

transmission network protection is investigated considering the presence of renewable sources. 

Fault type classification is an integrated part of distance relaying. Phase angle difference between 

superimposed sequence currents is commonly used for the purpose, assuming homogeneous 

distribution of faulted path current. Converter control schemes introduce nonhomogeneity in the 

system by modulating the (X/R) ratio of the equivalent plant impedance. A fault classification 

technique is proposed for such non-homogeneous conditions by estimating faulted path current 

angle at every instant following fault inception.Fault current limitation and non-homogeneity 

introduced by the converters modulate the apparent impedance of a distance relay significantly. 

This results in both underreach and overreach issues for faults with high fault resistance. Correct 

operation requires either adjustment in apparent impedance or modification in zone setting. Two 

methods are proposed for this purpose. Considering the grid to be strong, the first method 

calculates the correct impedance up to fault point by projecting the apparent impedance on line 

impedance in RX plane. The second method proposes adaptive zone-1 setting based on system 

parameters obtained using local data.Converter-interfaced sources being inertialess increases the 

severity of oscillations like power swing following a disturbance in the system. Faults in such a 

situation may result in erroneous computation of superimposed quantities, required for distance 

relaying. A technique is proposed to estimate correct superimposed quantities for the situation by 

extrapolating pre-fault component of one frequency extracted from the swing signal.The proposed 

solutions can be applied to update the existing distance relays for possible mitigation of the 

challenges introduced by renewable source integration. The proposed methods are independent of 

control schemes associated with different types of sources, grid codes, and variation in renewable 

output. The propositions do not require any extra hardware circuitry in the existing distance relays. 

Numerous test results are presented using PSCAD/EMTDC simulation data to highlight the 

superior performance of these techniques. The compatibility of the proposed algorithms is tested 

for real-time operation using OPALRT platform. 

Keywords: Converter-interfaced renewable plant, Distance Relaying, Fault Type Classification, 

Superimposed components, Adaptive setting, Fault detection, Power Swing 
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Mycobacterium tuberculosis, the world’s leading cause of death from TB has evolved with time 

in terms of severity, with manifold increase in resistance. One of the characteristic features of this 

pathogen is its cell envelope, which comprises of mycolic acids aiding in virulence. Owing to the 

importance of the mycobacterial FAS II pathway in disease progression, we opted for examining 

the basis of mycolic acid synthesis via studying the molecular mechanisms governing the Acyl 

Carrier Protein (ACP) mediated execution of the FAS II pathway. One of the key enzymes of the 

FAS -II pathway is the β – hydroxyl – ACP - dehydratase (HadAB/ HadBC) involved in the third 

step of FAS - II synthesis. HaABC belongs to the operon Rv0635 - Rv0636 - Rv0637 where, 

HadAB artakes in the initial execution of the dehydration reaction with HadBC hijacking the later 

phases of longation thus, producing XL - mycolic acids. Hence, understanding the structural 

element/ key residues associated with distinguishing the length of acyl chain intake in case of both 

HadAB/ HadBC is of foremost importance. In this regard, the crystal structure of the second 

dehydratase (HadBC) in its tetrameric assembly was solved at 2.9 Å. Structural analyses aided 

with omputational methods provide an understanding g of the substrate regulatory loop in 

modulating the length of acyl chain in case of HadBC with respect to HadAB. Additionally, SPR 

studies comprising of HadAB, HadBC and charge altered HadBC mutants highlight the role of the 

extra 8 residues present in the C-terminal end of HadC. This work underlines the role of the 

positively charged residues along with the hydrophobic residues present in the C - terminal end in 

regulating the ACP mediated interactions. Further, the mycobacterial ACP possess extra 33 residu 

es in its C - terminal end and hence is atypical in nature. In order to explore the dynamics of Ppant 

arm in AcpM, crypto -AcpM coupled with fluorescence spectroscopy and molecular dynamics 

simulation studies was employed. Here, we aimed at devising an ‘easy – to - go’ method for the 

generation of crypto -AcpM loaded with a solvatochromic probe 7 – Nitrobenz – 2 – oxa - 1,3 – 

diazol – 4 - yl (NBD), hich is linked to the 4’ - phosphopantetheine (Ppant) prosthetic group of 

AcpM. This study establishes the role of the flexible C – terminal extension of AcpM in regulating 

the prosthetic group sequestration ability by modulating the ‘Asp – Ser - Leu’ motif. Additionally, 

the probe was utilized to study the effect of thiacetazone (TAC) and SPA0355 (a thiourea 

analogue) on mycobacterial HadAB. HadAB has remained a key target of drugs like TAC and its 

consequence on AcpM binding is yet to be deciphered. Overall, this analysis provides insights into 

the altered substrate housing capability in HadAB associated with the impediment of its AcpM 

media ted functionality; an outcome attributed to the repercussions associated with the binding of 

the aforementioned thiourea compounds. This investigation has assisted in unveiling a two - step 

mechanism undertaken by AcpM for interacting with its corresponding partner protein during acyl 
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chain transfer. In the near future we anticipate that our in vitro method will act as a validation tool 

for screening of thiourea inhibitors. Consequently this study adds to the existing knowledge of 

mycolic acids and will aid in the development of therapeutics with better efficacy thus, curbing 

TB in the near future. 

 

Keywords: Mycolic acid, NBD, FAS, AcpM, crypto - ACP, HadAB, HadBC, TAC, SPA0355. 
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Shock losses contribute to a significant part of the mine ventilation pressure loss. Empirically 

established shock loss factors and drag coefficient values are available in literature for predicting 

the shock loss due to scenarios of bends and area changes, and scenarios of regular shaped single 

obstruction in the airway respectively. In case of multiple obstructions in line with the airflow and 

repeating at regular intervals, the phenomenon of interference affects the shock loss. There are 

number of regularly spaced obstruction scenarios in mine ventilation such as shaft buntons, 

supports in a roadway, power supports in longwall face, multi-deck conveyance in a shaft and train 

of mine cars in a roadway. The literature for the estimation of shock loss factors due to these 

regularly spaced obstructions is limited and dated. In this study, certain geometries related to train 

of mine cars in a roadway and shaft buntons are examined using scale model investigations and 

numerical investigations with a view to create better prediction models for loss estimation. 

In scale model investigations, similitude conditions are addressed so that the pressure ratios and 

dimensionless parameters from the scale model represent the real-life flow behaviour. High 

precision instruments are used for measurement of the pressure loss in the scale models and 

variable frequency drives are used to control the flow through the model. Numerical investigations 

are performed using finite volume method with the help of ANSYS fluent 16.2 software. RANS 

group of turbulence models are used for solving the incompressible, steady state turbulent flow 

considered in the study. 

The shock loss factors from the experimental results of train of mine cars are compared with the 

values from prediction methods available in the literature. The comparison shows that, the 

available methods fail to predict the shock loss factors due to train of mine cars with meaningful 

accuracy. The Weeks’ model for shock loss factors due to train of mine cars over predicted the 

shock loss factor by 7 to 15 times depending on the number of mine cars in the train. Shock loss 

factors predicted from Stevenson’s model for multi-deck conveyance in a shaft matched better 

with the experimental results compared to other prediction methods in the literature. However, the 

comparison was limited considering that the Stevenson's model accounts for four decks. A new 

and better prediction model for shock loss factor of n number of loaded mine cars in airway is 

constructed using the experimental results, having the form 𝑋=0.2+0.05𝑛, when about 15% of the 

airway cross-section is occupied by the projected area of the train. 

Four different RANS turbulence models and two methods of boundary layer resolution are 

considered for the numerical investigation of the shock loss due to train of mine cars in the 
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roadway. The vortex regions around the mine cars from different simulation conditions are 

visualized with the help of the CFD. The mine cars geometry in numerical simulations is simplified 

by assuming a covered top surface. Experiments with covered top mine cars are performed to 

enable comparison between experimental and numerical results. By comparing the numerical and 

experimental results of train of mine cars, SST k-ω turbulence model with enhanced wall function 

method is identified as the most satisfactory simulation condition for simulation of shock loss 

under study, and the numerical simulations of shock loss due to shaft buntons are performed using 

this simulation condition. The simulations predicted slightly lower shock loss (about 10% less) 

when compared with the experimental results. The lower shock loss values predicted by the 

numerical studies are likely on account of the idealized geometries used in numerical studies. 

Two factors, the bunton shape (CD) and the spacing-width ratio (s/w), are considered for the scale 

model studies and numerical investigations on the shock loss due to shaft buntons. The shock loss 

factors of circular-section and I-section buntons from numerical results matched closely with the 

scale model experimental results. Comparing the results with Bromilow’s interference factor (F) 

model for shaft buntons, it is found that the Bromilow’s model is suitable for predicting shock loss 

due to the circular-section buntons but fails for the I-section buntons. Numerical simulations, 

factoring the position of bunton in the shaft cross section (d/R), are performed for both the circular 

and I-section shapes. From the numerical results is found that the interference behavior changes 

with the shape of the buntons and the position of buntons in the shaft. Shock loss factor of I-section 

buntons close to the shaft walls are significantly less due to the proximity interference with the 

shaft walls. 

Non-linear regression analysis using Gauss–Newton algorithm is employed to find the parameters 

in the equation. Interference factor model (F1) developed for shaft buntons with CD between 1.2 

and 2.75 using numerical results is 𝐹1=0.01+0.02(𝑠𝑤)+0.32(1−(𝑑𝑅))∗𝐶𝐷. I-section is the most 

used bunton shape in the mineshafts and installed with web of the I-section in line with the airflow. 

For this scenario, a interference model (F2) with better accuracy is suggested as 

𝐹2=0.59𝑒−((𝑑𝑅−0.5)0.25)2+(0.007∗(dR)∗(s𝑤)). The new interference factor models proposed in 

this study are useful in predicting the shock loss due to shaft buntons with better accuracy. 
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Citrus fruits, a most traded horticultural crops grown worldwide, are well-accepted by consumers 

all over the world due to their attractive colours, flavour, aroma, nutritional and health-promoting 

values. The main setback of citrus juice processing industry is development of bitterness which 

brings limitation in acceptability and commercialization. Assam lemon (Citrus Limon L. Burmf) 

is an important variety of Assam, North-Eastern region of India and totally unexplored for 

commercialization. Firstly, in the present study an attempt was made to debitter the Assam lemon 

juice through the enzymatic approach. A maximum bitterness removal of 38.95±3.27% was found 

at 37 °C after 2 h of reaction with 1% (v/v) enzyme (30 IU/ml). Enzyme treatment of juice reveals 

an increment of reducing sugar and total sugar by 37.51 and 48.50%, respectively along with 

antioxidant activity by 15.30% than untreated juice. No significant changes in elemental and 

sensory properties was found. 

Further work was carried out in the valorization of Assam lemon waste in a close loop approach. 

Enzymatic approach coupled with hydrodistillation was yielded 4.19±0.11% (v/w) essential oil 

and 12.67±0.42% (w/w) pectin. Maximum ethanol production from Assam lemon waste through 

partial simultaneous saccharification and co-fermentation (PSSCF) was 12.16±0.15% (v/v) in 

optimized condition. Mass flow analysis demonstrated 69.17% overall process efficiency when 

compared to the theoretical ethanol yield. After ethanol production fermented waste was further 

valorized through anaerobic digestion (AD) by inoculating mixed anaerobic consortia (MAC) and 

using graphene oxide (GO) to maintain stable and fast direct interspecies electron transfer (DIET). 

A maximum yield of 243.23±1.99 ml/g VSfed biomethane was achieved when the solid loading 

was kept at 25 g TS/L and incubated for 30 days at 37 C when GO was added as 0.06% (w/v) and 

accounted for 70.88% process efficiency. 

Finally, digested biomass was used for N enrichment and bioavailability of P, K through 

Fischerella muscicola for biomanure production. N, P and K were enriched by 2.88, 2 and 2.16 

folds compared to the initial content. Combine application of biomanure and inorganic fertilizer 

on mung bean cultivation reveals an increment of yield by 2.02 folds with maintain good soil 

health. 

 

Keywords: Assam lemon, Debittering, Valorization, Biorefinery, Biofuel, Biomanure, Mung bean 
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Marine cyanobacteria are a rich source of structurally diverse polysaccharides that could 

potentially be exploited as prebiotics functional ingredient for health applications. The 

exopolysaccharide (EPS) from Aphanothece sp. was separated into two fractions by anion 

exchange chromatography. The major fraction obtained was named as EPS-I and was found to 

have a molecular weight of approximately 470 kDa. GC-MS analysis of derivatized fraction 1 of 

EPS (EPS-I) revealed presence of glucuronic acid, glucose, galactose, mannose and rhamnose in 

a molar ratio of around 4:2:1:1:1. Methylation and NMR studies of EPS-I indicated the presence 

of →4) - α-D-glcpA6Me-(1→, →4) -2-OAc-α-D-glcpA6Me-(1→, →4) -2- SO4-α-D-manp- (1→, 

β-D-glcp-(1→, →2, 4)-β-D-galp-(1→, →2, 3)-β-D-manp-(1→, →3)-β-L-rhamp-(1→, β-D- glcp-

(1→ from which the probable structure of repeating unit was proposed. Prebiotic activity tested 

using EPS-I as the carbon source showed a significant increase in the growth of probiotic strains, 

Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus plantarum,  actobacillus rhamnosus, 

Bifidobacterium longum and Bifidobacterium animalis while the growth of Escherichia coli was 

suppressed significantly (p< 0.05) in presence of EPS-I. Short chain fatty acid profile of tested 

probiotic strains (Lactobacillus rhamnosus, Bifidobacterium longum and Bifidobacterium 

animalis) in vitro, showed that the concentration of total SCFA significantly (p< 0.05) increased 

in EPS-fortified medium compared to control. In addition, oral administration of EPS-I to 

C57BL/6J mice for 8 weeks at a daily dosage of 100 mg kg-1 body weight of EPS-I, significantly 

increased total SCFA production of major SCFAs (acetate, propionate and butyrate) as compared 

to control mice. Furthermore, a decrease in acetic acid to propionic acid ratio was also observed, 

indicating a possible hypolipidemic effect. The propiogenic property of EPS could be attributed to 

the presence of deoxy sugar rhamnose in the structure of EPS, as deoxy sugars reduce the carbon 

skeleton via the intermediate1, 2- propanediol in certain probiotic strains. EPS displayed potent 

antioxidant activity when tested against DPPH, ABTS, OH radical; resulting in 0.385 mg/ml as 

EC30 value for DPPH radical scavenging, 0.666 mg/ml as EC50 value for ABTS radical 

scavenging activity and 0.881 mg/ml as EC50 value for OH radical scavenging activity. The 

supplementation of diet with 100 mg kg-1 body weight of EPS-I for 8 weeks in C57BL/6J mice, 

with diet induced obesity, significantly ameliorated the cafeteria diet induced reduction in the level 

of propionate and butyrate in colon of obese mice by 59.82% and 43.95% respectively. The anti-

obesity potential of EPS-I was exhibited by suppressed weight gain, improved levels of serum 

glucose, serum endotoxin, liver enzymes and gut hormone GLP-1. Taken together, these results 

suggest that Aphanothece EPS (EPS-I) has a potential for utilization as novel nutraceuticals 

resource. 
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Recently, the NASICON-type Na3V2(PO4)3 (NVP) has received as a promising cathode material 

for Na- as well as hybrid Li-ion batteries (HLIBs) due to its fast-ion diffusion coefficient, excellent 

cycleability, and superior thermal and electrochemical safety features. However, poor electronic 

conductivity and a relatively lower nominal voltage of NVP limit its use in new emerging storage 

applications (viz. EVs). To address these issues, various strategies have been adopted to synthesize 

NVP (and its modified varieties) to introduce stability in the structure, high ionicity in the anionic 

framework and shorten the transport path length for reactive species (electrons and ions). This has 

been accomplished by synthesizing doped variants of NVP such as aliovalent Ni-doped and highly 

electronegative F-doped NVP, fabricating porous carbon-coated and favourable nanostructure-

designed NVP variants such as nanopetal-assembled flower-like and a mixture of rectangular and 

hexagonal prism-like morphologies, as well as compositing between NVP and Na3V2O2(PO4)2F 

(NVOPF) to provide the best combination of high capacity, nominal voltage and cycling stability. 

In addition, to further improve the rate performance and cycleability, hybridization between 

synthesized NVP-based materials with supercapacitive component (activated carbon) have been 

persuaded to fabricate bi-material cathodes. Thus, NVP@C/AC and NVOPF-NVP@C/AC bi-

materials are demonstrated to be ultrafast and long-life cathodes for hybrid battery-supercapacitor 

(bat-cap) energy storage devices. The excellent electrochemical performances of the bi-material 

electrodes may be ascribed to the synergic interaction between battery and supercapacitor 

components, which can be correlated with the lowering of charge-transfer resistance and faster 

kinetics of reactive species in the bi-material electrodes. Finally, the electrochemical 

characteristics of these synthesized cathodes with non-Li metal-based anodes such as Li4Ti5O12 

(LTO) and nanocomposite carbon-coated LTO-TiO2 (anatase)-TiO2 (rutile) (LTO-A-R@C) are 

systematically investigated in a common Li-ion electrolyte (1 M LiPF6 in EC+DEC). The 

electrochemical performances demonstrate that the fabricated HLIBs would be promising for high 

power, long-life, safe and stable advanced energy storage applications. 

Keywords: Na3V2(PO4)3; Hybrid Li-ion battery; Nanostructuring; Doping; Bi-material 

electrode; Hybrid bat-cap; Rate; Cycleability 
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Corporate governance is increasingly acknowledged as a potential tool for promoting firm-level 

legitimacy to outside investors. Monitoring by the board members has been thus emphasized for 

enhancing transparency and legitimacy. However, the scope and objective of corporate governance 

are not only limited to monitoring which is more prevalent in matured and established firm 

contexts. In this thesis, corporate governance's impact on firm performances has been examined 

from three distinct dimensions: organizational life cycle phase, R&D based companies, and 

institutional context. First of all, according to corporate governance life cycle theory, objectives of 

corporate governance are threefold: monitoring, resource seeking and strategic decision making 

having a change in the priority among the objectives according to stages of the organizational life 

cycle. For growth firms, focusing on risk-taking and long term perspective is more critical which 

requires strategic decision making as a primary agenda of corporate governance. Even monitoring 

can have less importance than strategic decision making for growth firms. Thus, agency theory 

used extensively to explain governance issues of matured firms can have limitations in explaining 

governance issues of growth firms. However, corporate governance scholarship has primarily 

focused on large and matured firms. Studies on growth firms are necessary to address the persisting 

research gap and develop a comprehensive framework. Secondly, 'value creation perspective of 

corporate governance emphasizes instruments that can let firms acquire necessary resources, the 

advice in fostering innovation. For R&D based firms, corporate governance needs to facilitate 

resource seeking and advising for fostering innovation than monitoring. Hence, for R&D based 

firms, the 'value creation' perspective of corporate governance is preferred. Thirdly, considering 

the impact of the institutional context in corporate governance practice, this thesis explores 

whether the 'value creation' perspective and corporate governance life cycle theory hold relevance 

in the institutional context where the 'value protection' perspective of corporate governance has 

been the primary agenda of corporate governance. 

Two separate literature reviews have been conducted in this research. First is ownership 

concentration and its influence on the performance of R&D based small-cap firms representing the 

growth firms. The theoretical framework draws on the 'value creation' perspective of corporate 

governance and institutional context. Following the literature review, the first research objective 

is to examine the relevance of the 'value creation' perspective of corporate governance in R&D 

intensive Indian growth stock context. The second literature review is conducted based on the 

influence of corporate governance on the performance of newly public firms. Theoretical 

motivation is based on stewardship theory, psychological ownership, resource dependence theory 

and corporate governance life cycle theory. Following the literature review on corporate 
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governance of newly public firms, the other two research objectives are set. Here, the relevance of 

corporate governance life cycle theory at the intersection of institutional and industrial contexts is 

examined. In the second research objective, the impact of individual governance mechanisms on 

the performance of R&D based newly public firms is examined, whereas the third research 

objective examines the interaction effect of different governance parameters. Specifically, this 

thesis has been conducted in the Indian context. The sampling has been done in two phases: cross-

sectional data of R&D based Indian small-cap firms, and second sampling is done based on the 

panel data of the first five years post-IPO data of 46 R&D-based newly public firms in India. The 

findings of this study reveal that for R&D based small-cap firms, concentrated ownership is 

beneficial for advancing market performance. In the case of R&D based Indian newly public firms, 

the founder's retained ownership can positively influence the firm's performance. However, the 

founder's involvement as owner-manager can decrease the long-run performance of R&D 

intensive newly public firms. We also find the significant positive influence of board independence 

on those firm performances. 

Interestingly, in the interaction model, it has been identified that despite having positive influence 

at the individual level, there can be a conflict of interest among founder, independent board 

members and top management, which can have an adverse influence overall on firm performances. 

The conflict can arise due to misalignment in the objectives of the founder and independent 

director. The founder is observed to be more interested in the long term vision of the firm, whereas 

an independent director can have a focus on monitoring. Such persisting misalignment may create 

a conflict of interest which can deteriorate firm performances. This thesis supports the 'value 

creation' perspective of corporate governance and corporate governance life cycle theory. Overall, 

this thesis emphasizes the strategic decision making the role of corporate governance for growth 

firms in the Indian context. 

Keywords: Corporate governance life cycle, ownership concentration, newly public firms, small 

cap firms, board independence, founder-CEO duality, Post-IPO performance, R&D based firm 
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Light scattering in active disordered media has stirred vast interest towards the unique 

phenomenon of random lasing. In a random laser (RL), feedback for light amplification is provided 

by the trapping of light via multiple scattering. In the weakly scattering random lasers, there exists 

strong leakage of photons from the system along with amplification. In such cases, the reason for 

the appearance of coherent resonant modes in the emission spectra is still a subject of discussion. 

However, unique statistical behavior of RL mode intensities and their glassy behavior further 

enrich the underlying physics responsible for their origin. The extreme sensitivity of RL to subtle 

morphological changes at nano and microscales adds to their applicability. Despite various 

proposed applications, RL as a tool to quantify the dynamic behavior of material evolution has not 

been explored extensively.  

In this thesis, studies have been carried out on the characteristics of RL modes in eakly scattering 

systems by using active polymer waveguides, dye-doped gelatin solutions and whispering gallery 

mode resonators. A high refractive index film of 4-(dicyanomethylene)-2-methyl-6-(4-

dimethylaminostyryl)-4H-pyran (DCM) dye doped polyvinyl alcohol (PVA) deposited on a silica 

substrate acts as a disordered active planar waveguide (DCM-PVA) and exhibits RL when pumped 

optically. In order to investigate the possible origin of scattering centers in this polymeric film due 

to the formation of dye aggregates, time correlated single photon counting (TCSPC) measurements 

at different dye concentrations were carried out. These aggregates are responsible for multiple 

scattering and the gain characteristics of the active polymer waveguide. The polycrystalline nature 

of the DCM-PVA waveguides have also been confirmed by X-ray diffraction studies. The gain 

coefficient of the waveguide has been determined by variable stripe length method. Finally, the 

RL characteristics have been studied under circular and stripe excitation configurations, thereby 

completely characterizing the origin of scattering and gain in the DCM-PVA waveguides. 

Later, statistical analyses involving cross-correlation and survival function studies of RL from a 

solvent rich DCM-PVA waveguide were carried out under a constant heating condition. The slow 

evaporation of high boiling point solvent used to form the waveguide creates morphological 

changes in the film. Here, RL is shown to be an effective tool to probe such minute changes in the 

polymer waveguide. The statistical analyses of random lasing spectra were further employed to 

investigate the microscopic changes occurring during the sol-gel transition in a Rhodamine 

6G(R6G) dye-doped gelatin solution. Finally, we have investigated the statistical properties of 

intensity fluctuations and glassy behavior of light in three different lasing cavities namely: DCM-

PVA planar waveguide open cavity, DCM-PVA bottle whispering gallery mode resonator 



 

 52 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

(WGMR) and DCM-PVA spherical WGMR. The complex behavior of mode interactions have 

been captured using the distribution of intensity fluctuations, covariance and replica symmetry 

breaking analyses. These studies reveal the uniqueness of RL open cavity in comparision to 

conventional laser cavities with weak disorder. 

 

Keywords: Random Laser, Dye-doped Polymers, Intensity Fluctuations, Replica Symmetry 

Breaking, Whispering Gallery Mode Resonator, Bottle and Spherical Microresonator 
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Present work focuses on developing a three-dimensional finite element formulation for the 

dynamic analysis of cylindrical composite liquid containers considering uid-structure interactions. 

Cylindrical tanks are the most widely used liquid storage tanks, and their dynamic analysis is of 

great practical importance. Sloshing of liquid in cylindrical containers can cause severe damage to 

the containers. Hence free vibration and forced vibration analysis of the sloshing behaviour of 

liquid- filled containers are necessary. The elasticity of tank material plays an important role on 

the sloshing behaviour, thus, the tank material needs to be taken into consideration while analysing 

the sloshing. Composite materials are rapidly replacing conventional isotropic materials due to 

their superior strength, durability, tailorability, and ease of maintenance.   

3D degenerated shell elements are used to model the composite tank structure due to their clear 

advantages over other elements. The element is developed by using the degenerated solid approach 

based on Reissner{Mindlin assumptions. Thus, the shear deformation and rotary inertia effect have 

been considered, and the 3D field has been reduced to a 2D field in terms of mid-surface nodal 

variables. These elements are not based on any shell theory, thus making them free from the 

limitations of the structure's geometry.An 8-noded degenerated shell element with a natural 

coordinate system ( _; _; _), defined by the element geometry in the global coordinate system has 

been considered for the present study. A new model to analyse delaminated plates has been 

developed using proposed 3D degenerated elements to show the accuracy and effciency of the 

developed element. New results are generated using the proposed method for different boundary 

conditions, ply orientations, size of delamination, and the location of delamination, which will 

serve as a benchmark for future research. Furthermore, parametric study of free vibration and 

forced vibration of cylindrical composite tanks have been performed using the developed element. 

A pressure-based three-dimensional finite element model is developed using 20-noded brick 

elements to analyse the liquid inside the tank. An experimental setup is demonstrated to validate 

the developed numerical model. Results for free vibration as well as forced vibration analysis of 

liquid inside a cylindrical container are generated using the developed numerical model. 

Finally, direct coupling between the developed structure and uid model is performed for the uid-

structure interaction of the cylindrical composite tank. The coupled model is then validated, and 

new results are generated using the coupled model. Free vibration analysis of composite tank for 

various ply orientations, tank thicknesses, tank height to radius ratios, water heights, etc., are 

performed, and results are generated to better understand the behaviour of natural sloshing 
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frequency for different parameters. Also, forced vibration of the composite tank is performed to 

generate maximum slosh height, maximum tank deection, hydrodynamic pressure on tank, and 

maximum tank base moment under harmonic and seismic loading for a deep understanding of the 

behaviour of these parameters. It is observed that the tank stifiness in the radial direction of the 

tank affects the sloshing parameters much more significantly than the overall stiffness of the tank. 

The radial stiffness can be increased by changing the ply orientation of the composite tank. This 

phenomenon further strengthens the importance of the use of composite materials instead of 

conventional materials for liquid tanks. 

 

Keywords: Degenerated shell elements, Delaminated plates, Composite tank, Cylindrical tank, 

3D sloshing, Direct coupling, Harmonic loading, Seismic loading. 
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Core-shell nanowire (NW) radial heterojunctions have gained recent interest in electronic and 

ptoelectronic applications over its planar counterparts due to quantum confinement, high photon 

bsorption, light trapping, and efficient carrier collection in an effective way. In this dissertation, 

we have studied the fabrication and characterization of p-Si/n-InP core-shell NW radial 

heterojunction on Si (100) substrates with an aim to monolithically integrate Si microelectronics 

with III-V semiconductor-based optoelectronics for the development of futuristic core-shell 

nanostructure-based devices for optoelectronic applications. The structure was fabricated by low-

cost metal assisted chemical etching method for preparing SiNWs, followed by the growth of n-

InP layer on SiNWs by metal organic chemical vapor deposition. The electrical properties of the 

core-shell structure showed the p-n junction diode-like behavior. It exhibits higher output current 

rating and rectification ratio along with lower reverse saturation current compared to a 

conventional planar Si/InP heterojunction diode. The optical reflectivity of core-shell NW arrays 

was found to be around 2.5% in the wavelength range 300 -1100 nm. Due to such superior light 

trapping and higher optical absorption, as a proof of concept, two different optoelectronic devices, 

viz. a photodetector and a solar cell were fabricated and studied using this structure. The core-shell 

NW heterojunction based photodetector was found to have good photodetection capability under 

illumination with different wavelengths of light. The transient response property of the device 

shows a fast, steady, and reproducible response in the infrared regime. The device showed a 

maximum responsivity and detectivity of 2.749 A/W and 5.52× 1011 Jones, respectively, at 920 

nm wavelength under a reverse bias voltage of 2 V. The photodetection properties indicate that the 

structure is suitable for an efficient near-infrared detector. In other work, a solar cell was designed 

with p-Si/n-InP core-shell NW structure and it was found to play a significant role in improved 

solar cell performance in comparison with conventional NW based solar cell. The external 

quantum efficiency was found to achieve its peak value of 59% as the substantial portion of the 

infrared part of the solar spectra matches well with the characteristic bandgap of the InP in the 

core-shell structure. The open-circuit voltage was found to be 0.56 V with a corresponding short 

circuit current density of 14.26 mA/cm2 under AM 1.5 solar radiation. The solar cell was found to 

have a conversion efficiency of 4.39%. Surface defects in etched SiNWs act as effective 

recombination centers, leading to the degradation of the cell efficiency. Results of the study 

reported in this dissertation indicate that p-Si/n-InP core-shell NW structure could be a promising 

candidate for photonic and optoelectronic applications.  

Keywords: Si Nanowires; Core-shell; Radial heterojunction; Photodetector; Solar cell. 
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Maintenance of functional hepatic phenotype has been challenging for the reconstruction of 3D 

liver tissue models. An enormous amount of efforts have been directed towards developing a 

suitable platform that could suffice this challenge. In this milieu, commercially available paper 

matrices have become an attractive biomaterial platform for various cell-based applications, 

including tissue engineering and in vitro tissue model development. However, its applicability in 

the sphere of hepatic models is still in its infancy and requires a comprehensive standardization of 

a plethora of factors that could contribute to the success of the developed liver models.    

With this perspective, the present thesis delineates the fabrication of paper-based devices for 

culturing hepatic cells and developing related bioassays. The devices were prepared by 

conventional lab-based LaserJet printing technology and biofunctionalized with (3-

aminopropyl)triethoxysilane (APTES) and caprine liver-derived extracellular matrix (CLECM). 

We opted for an unconventional floating cell culture strategy, which ensured easy cell seeding, 

maintenance of cultures, and post-culture analytical analysis. The developed paper substrates 

effectively supported the culture of hepatic cells. However, the cells exhibited significant variation 

in their proliferative and functional phenotype, attributing to different biochemical substrate 

properties, paper specification, and design parameters. The paper devices were further explored 

multifaceted applications, including routine cell culture, in-cell ELISA, drug screening, coculture, 

and transwell migration assays. 

To further extend the applicability of biofunctionalized paper matrices, they were evaluated for 

their systemic toxicity and delivering cells in vivo. Upon implantation into the mice model, the 

developed paper matrices supported infiltration of the host cells and vasculature without any 

evidence of significant systemic toxicity. Moreover, cell-seeded paper matrices, when delivered 

to chick embryo chorioallantoic membrane and mouse models, showed an enhanced vascular 

network around the substrate, thereby confirming its potential for cell delivery and maintain cell 

viability in vivo. 

Considering the multitude of advantages of the paper substrates and devices, including 

biocompatibility, flexibility, multiplexibility, and cost-effectiveness, it is ideal for liver-on-a-paper 

chip model development and in vivo cell delivery application, especially under resource-limited 

settings. 

Keywords: Liver, 3D culture, Paper matrix, Decellularized liver ECM, Liver-on-a-paper chip 

model, Cell delivery 



 

 57 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

DESIGN AND ANALYSIS OF COUPLED-RESONANT ANTENNAS 

 
Manisha Kahar 

Supervisor: Prof. Mrinal Kanti Mandal 

Department of Electronics and Electrical Communication Engineering 

Accession No.: NB17285 

 

 

The attractive features of an array antenna are high gain, small beam-angle, a large variety of 

radiation patterns, controlled sidelobe levels, and the scanning capability of the main beam or 

radiation null. However, mutual coupling among array elements deteriorates array performances 

and is usually avoided during synthesis and realization of the array antennas. Possiblities of 

utilizing the mutual coupling among the array elements to enhance array permonace are explored 

in this thesis. The analysis starts with the traditional filter theory where the mutual couplings 

among coupled-resonators with high-unloaded quality factors are used to obtain filtering 

properties. However, the same synthesis procedure is not directly applicable to an all-lossy 

coupled-resonator filtering antenna due to the difficulty in calculating and realizing the intended 

coupling coefficients. A modified synthesis procedure is developed in the first contributory chapter 

for the realization of a filtering array antenna consisting of all radiating resonators. In the following 

chapter, a filtering antenna is designed based on the developed synthesis approach. Moreover, 

rapid beam scanning, as opposed to traditional leaky-wave antennas, is achieved by exploring the 

phase-shifting property due to mutual coupling between the leaky resonators. In the next chapter, 

wideband antennas using tightly coupled slots are presented for radiation in the end-fire direction. 

Then, it is used for 360° azimuth-plane beam-scanning. The first example is with multiple-input 

multiple-output ports and the second one is with a single input and reconfigurable feed network 

for electronic beam scanning. Consistent gain and impedance matching over at least 24% 

bandwidth is achieved. In the fourth contributory chapter, a fixed frequency azimuth-plane beam-

scanning antenna is designed using a mode-superposed coupled-mode patch antenna as the basic 

unit of a three-element electronically steerable parasitic array radiator. Mutual coupling is analyzed 

with the help of the Z-parameter matrix and is used to increase the antenna gain. In the final 

contributory chapter, two novel mode-coupled antennas with special characteristics of wide 

bandwidth and dual-band dual-polarization are presented. Theoretical analysis is followed by full 

wave electromagnetic simulations to obtain the physical diemsnions for each antenna presented in 

this thesis. Then, they are fabricated and the predicted results are validated by measurements. 

Keywords: Coupled-mode antenna, coupled-resonator antenna, electronically steerable parasitic 

array radiator, filter antenna, fixed-frequency beam scanning antenna, frequency beam scanning 

antenna, mutual coupling, PIN diode series switch, wideband antenna. 
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The present study explored the livelihood and vulnerability nexus to create new knowledge in the 

context of climate changes in the sub-Himalayan West Bengal. First, the explored what are the 

recent trends of climatic components in the study area? Second, what is the present regional 

patterns of rural livelihoods and why is one region different from others in the same geographical 

space in terms of livelihood practices? Besides, what are the determinants of household livelihood 

practices? Further, how the socio-economic vulnerability to climate changes differs in the different 

regions in a geographical space? In addition, what are the determinants factors of household 

livelihood vulnerability? To address the above research questions, the household well-being index, 

socio-economic vulnerability index have been proposed, and the Mann-Kendal test, Principal 

Component Analysis, and Ordinal Logistic Regression have been applied to understand the 

livelihood and vulnerability nexus. The results show that starting from 1901-2000, the average 

temperature anomaly has increased. The Mann-Kendal test results also show robust evidence of 

change in climatic components. Whereas, in terms of the regional pattern of livelihood, Maynaguri 

followed by Rajganj, Nagrakata, and Jalpaiguri, are better positioned than the rest of the CD 

blocks. It has found that lack of education and household wealth, distance to markets, secure 

drinking water, and sanitation facility are the main determinants of variation in household well-

being. However, in respect of climate change vulnerability, the blocks Kumergram (0.88) followed 

by Kalchini (0.79) and Nagrakata (0.72) have the highest exposure. The development opportunities 

and social resilience through education, workforce, health, and institutional accessibility are highly 

uneven, which have created hindrance to regional adaptive capacity of the people. In Dhupguri, 

Falakata, and Rajganj, it has been observed that farm households practice preparedness regarding 

vegetable cultivation very carefully to reduce the climate change-induced vulnerability. These 

blocks are coping with climate vulnerabilities. On the other hand, the prime obstacles for adaptive 

capacity are illiteracy, chronic illness, and low engagement in Self-Help Group (SHG) activities, 

which are very high in Kalchini, Nagrakata, and Kumergram. Moreover, the adverse socio-

environmental conditions such as poor road systems, non-concrete houses and growing distress in 

the workforce have been the potential hinders during the climate-induced disasters in the northern 

CD block compared to the southern CD blocks. It has been noticed that intra-household capability 

also determines the overall condition of vulnerability compared to other households. The specific 

variables such as size of agricultural land, occupation of households head, caste, membership of 

SHG, and perception of precipitation trend are the main determinant factors of income loss of 

maximum households. Besides, the housing type is mainly non-concrete and semi-concrete, and 

heavy floods are responsible for housing loss to climatic disasters. In the net shell, it can be stated 

that the different aspects of livelihood practices determine household well-being and regional 
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patterns of livelihood are visible. The economic marginality and excessive dependence on climate-

sensitive livelihoods have been increasing the people's vulnerability in the sub-Himalayan West 

Bengal. Further, adequate physical infrastructure needs to be developed to reduce the climate 

change vulnerability. 
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The study of confined diffusion of molecules or small particles is crucial due to its prominent role 

in many processes such as catalysis, osmosis, particles selectivity, particles separation, controlled 

drug release, etc. The geometrical confinement controls the volume of the phase space accessible 

to the particles, due to which the entropic barriers arise and influence the diffusive behavior of 

these particles. In particular, the entropic effects are ubiquitous in systems such as biological cells, 

ion channels, nonporous materials, zeolites, microuidic devices, ratchets, and artificial channels. 

Knowingly, the FJ approach provides a powerful tool to capture many important properties of the 

confined diffusion. In order to extend our understanding of the confined diffusion, we study the 

diffusion of Brownian particles in confined geometries under various conditions.   

In this context, first, we study the diffusive transport of biased interacting Brownian particles in a 

2D symmetric channel considering both the no-ow and the reacting boundary conditions at the 

channel walls. Quite often, particles encounter a crowded environment while passing through the 

confined structures. Thus, we extend our work to the diffusive behavior of biased Brownian 

particles in a 2D symmetric channel filled with the freezing obstacles. We also study the 

rectification of interacting Brownian particles in a 2D asymmetric channel in the presence of an 

external periodic driving force. In addition, we reveal a mass-based separation mechanism to sort 

out particles of various masses by passing them through a 2D narrow asymmetric channel. Finally, 

we extend our study to the diffusive transport of both no chiral and chiral active Brownian particles 

in a 2D microchannel with a Poiseuille ow. 

 

Keywords: Confined diffusion, Entropic effects, FJ approach, Freezing obstacles, Rectification, 

Mass-based separation 
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Site-selective micron or nanoscale structurings such as surface patterning, nanosized objects, or 

voids at the length scale comparable to incoming optical illumination have drawn extensive 

attention due to periodicity-dependent optical properties. The incoming optical waves are multiply 

scattered, reflected, and diffracted in the periodic structure at the length scale of a fraction of the 

incoming optical wavelength. This phenomenon engenders several light manipulation schemes 

such as anti-reflection, photonic bandgap, the enhanced path length of the optic waves, and surface 

plasmon resonance. The light manipulation in the periodic structures can overcome the bottleneck 

related to a deficiency of light absorption or light extraction in optoelectronic devices. The light to 

the electrical signal converting optoelectronic devices such as photodetectors, solar cells, light-

activated room temperature gas sensors suffers from insufficient absorption cross-section and the 

mismatch between diffusion length and photogenerated carrier separation/transfer towards 

electrodes. The light manipulation in ordered structures might solve the barrier providing enhanced 

optical path length of the incoming light to enhance absorption. The low light extraction in 

electrical to light converting devices such as light-emitting diodes (LEDs) might be solved using 

structures capable of light extraction. However, the development of scalable, inexpensive, ordered 

structure fabrication and detailed investigation of patterned dependent tunable optoelectronic 

properties are in the nascent stage. (chapter 1)    

In the thesis, periodic nanostructured for improving the performance of the optoelectronic devices 

were fabricated by low-cost soft lithography technique (chapter 2), colloidal self-assembly-based 

sacrificial template (chapter 3), polymer thin film instability mediated approach (chapter 4), and 

nanorods based method (chapter 5). The fabricated periodic nanostructured devices were 

employed in the fabrication of devices such as photodetectors (chapter 2, chapter 4), light-activated 

room temperature gas sensors (chapter 3), and light-emitting diodes (LED) (chapter 5). The light 

management strategies in optoelectronics properties are investigated, and the stability of the 

devices is also studied. 

Keywords: light trapping, soft lithography, ZnO, TiO2, carbon dot ink, photodetectors, gas 

sensing, LEDs, stable photodetectors 
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Available solar energy is in diluted form; therefore, we need a reflector to collect solar thermal 

energy. Parabolic dish collector is a good source for medium and high-temperature ranges. It is 

used to increase the concentrated heat flux at the receiver surface. Due to the high concentration 

ratio, the temperature at the localized surface of the receiver is very high. Therefore, to reduce the 

localized point heat flux on the flat receiver surface,we disperse the concentrated flux over the 

entire surface using the optimization of the receiver placement. In existing design criteria, the 

receiver is placed at a focal point called the focal plane but with the help of numerical simulation 

of the parabolic dish collector using COMSOL MultiphysicsR. A new approach has been used to 

design a parabolic dish collector to increase the life of the system without sacrificing efficiency. 

The dish collector system has been designed for 1 kW output for 6 hours a day. The projected area 

of the dish collector is 7.08m2 . Rim angle is varied from 15° to 90°. The concentration ratio is 

varied for 60, 80, 100, and 120. It is established that the rim angle of 45° is 8% more efficient than 

the rim angle 15°. The surface energy per unit time (4.45 kJ/s) is maximum at 45° rim angle, and 

surface energy per unit time (4.08 kJ/s) is minimum at rim angle 15°. When the receiver is placed 

at the optimal plane, the dispersion of energy density is up to the periphery, and the maximum loss 

is less than 2% in the case of 45° rim angle. When the rim angle is beyond 75°, the energy density 

is not distributed up to the periphery, and energy density is high at the centre.   

 

Solar thermal energy is stored by phase change material (PCM) of medium and high-temperature 

range. The bulk temperature of 11.9 kg of LiNO3 is higher than the 23.8 kg of LiNO3 PCM. The 

total energy stored by 11.9 kg of LiNO3 is less at the end of 6th hour. The energy stored by all 

mass of PCM is approximately equal in the 4th hour because, after complete melting of PCM, 

energy storage capacity reduces. Energy stored by 23.8 kg of PCM is 21.6% more than the energy 

stored by 11.9 kg of LiNO3. After complete melting of PCM, sensible heating factor becomes the 

dominating factor over latent heating. Integrating the storage with discharge using heat application, 

after 4th hour, 11.9 kg of LiNO3 is more efficient than the 23.8 kg of LiNO3 because storage cost 

is almost half, but stored energy is almost the same. The bulk temperature of NaCl is higher than 

that of LiBr and NaOH, but the total energy stored by NaCl is less than the LiBr and NaOH. Energy 

stored in NaOH is more than 90% from NaCl and 13.5% from LiBr. PCM should be selected so 

that it should melt completely but not reach up to the vaporization phase. Therefore, for latent heat 

storage, NaOH is a better option than LiBr and NaCl. 
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A new approach for the synthesis of zinc oxide (ZnO) nanoparticles has been described. The 

synthesis method used here is highly demanding and reproducible for large synthetic scales. 

Detailed characterization including X-ray diffraction (XRD), field emission scanning electron 

microscope (FE-SEM), highresolution transmission electron microscopy (HRTEM), dynamic light 

scattering (DLS), Raman spectroscopy and Energy-dispersive X-ray spectroscopy (EDX)have 

been carried out to confirm the structural integrity and also to ascertain high reproducibility. The 

diffraction peaks of ZnO nanoparticle show hexagonal wurtzite crystal, which belongs to the space 

group of C4 6v (P63mc) and 186 group number. FE-SEM image revealed the average 20 nm 

diameter spherical ZnO nanoparticles. HRTEM image shows that the average particle size is 

approximately 17.2 nm, XRD result of average crystallite size of 17.02 nm, which is in good 

agreement with the DLS results of average particle size of 20.3 nm. The above results indicate the 

excellent dispersibility of the nanoparticles in the solvent. The Raman shift shows the wurtzite 

structure of ZnO nanoparticle and EDX confirmthe formation of pure ZnO nanoparticles. 

 

Synthesized ZnO nanoparticle is dispersed with water after rigorous sonication at different volume 

fraction to form ZnO-water nanofluid. The heat transfer analysis of nanofluid using experimental 

setup is carried out for two different flow velocities of 0.38 m/s and 0.25 m/s which correspond to 

Re = 1287 and 858, respectively, for the different volume fractions. The heat transfer rate of 

ZnOwater nanofluid is compared with base water. It is observed that 0.5% volume fraction, ZnO 

nanofluids enhance the heat transfer coefficient by 34.38% and 19.3% for Re = 1287 and 858, 

respectively. It shows that the volume fraction and flow rate both affect the heat transfer rate. The 

higher volume fraction of nanoparticle shows a higher heat transfer rate but it can further create 

faster agglomeration. If we increase the flow rate, it may create turbulent behaviour. Therefore, 

optimum volume fraction and the optimum flow rate is essential for the maximum heat transfer 

rate. 

Keywords: Parabolic dish collector, Heat flux, Beam radiation, Rim angle, Phase change material, 

Numerical simulation, Nanoparticle, Nanofluid, XRD,HRTEM. 
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With the advent of industrialization and rapid global population bloom, the atmospheric CO2 

concentration has skyrocketed recently eliciting environmental problems like global warming and 

climate change. Furthermore, this has also increased the stress on the natural resources due to the 

proliferation in the energy demand imperative towards global urbanisation. Therefore, there lies 

enormous scope of developing novel technologies/strategies exemplifying carbon 

capture/sequestration and with concomitant energy or valuable recovery. One such technology in 

microbial electrosynthesis (MES), which works on the principles of bioelectrochemistry by 

heralding electrotrophic microbes as biocatalysts to sequester carbon dioxide for the production of 

organic chemicals like acetic acid. In the present research, efforts were directed to improve the 

efficacy of MES by employing efficient cathode catalysts, novel modular setup, and optimization 

of operational parameters, which would expedite the commercialization of this innovative 

technology.    

The application of Rh or TiO2 as cathode catalyst in MES demonstrated an acetate production rate 

of 2.15 ± 0.15 g L−1.day and 1.06 ± 0.08 g L−1.day, respectively; thus, exemplifying an improved 

performance of MES, due to the application of these materials as cathode catalysts. However, TiO2 

was more efficient in illustrating a performant MES mainly due to the formation of a stable biofilm 

on the cathode surface coated with TiO2 and reduced overpotential of hydrogen evolution reaction 

leading to the transfer of more electrons to the planktonic cells mediated through hydrogen. In the 

subsequent part, the operating parameters, namely mode of operation, catholyte pH and imposed 

potential was optimized and their effect on the performance of MES was investigated. It was found 

that the production rate of acetate (55.61 ± 4.14 mM m−2.day−1) was improved by 31%, when the 

MES was operated in batch mode in comparison to the continuous mode of operation. This can be 

accredited to the higher retention of CO2, the feedstock and hydrogen in the cathodic chamber of 

MES operated in batch mode led to its enhanced performance in comparison to the continuous 

mode of operation. 

A novel modular three chamber circular MES was also designed and operated for the simultaneous 

production and separation of acetic acid. This setup produced 81.35 ± 1.15 g m−2.day and 104.26 

± 1.75 g m−2.day of acetic acid in the cathodic and extraction chambers, respectively, thus 

demonstrated the successful extraction of acetic acid from the cathodic chamber. Based on results 

obtained from these investigations, a pilot-scale MES was designed and operated, which was able 

to produce acetic acid at the rate of 6.31 ± 0.31 mM day−1 at optimized conditions, which was 
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around four times higher than that produced by lab-scale MES, thus exemplifying successful 

scaling-up of this technology. Therefore, the present results will abet the budding researchers in 

developing highly performant MES setups by alleviating the bottlenecks associated with this 

technology thus expediting the commercialization of this technology. 

Keywords: Acetic acid; Bioelectrochemical system; Biofuel; Carbon sequestration; Microbial 

electrosynthesis. 
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Current experimental progression demand the time to be most precise. For that purpose, we have 

the modern state-of-art atomic clock, which uses the resonance frequency of two atomic states as 

a frequency reference. Making the transitions insensitive to the environment or input light(s) is a 

challenge to improve the accuracy of the experiments. Further, we need to reduce the kinetic 

motions of the atoms or ions and protect them from the ambient fields. Trapping and cooling are 

necessary not only for atomic/ionic clock but also for quantum computation, quantum gates, atom 

interferometry, etc. Trapping and cooling of atoms or ions, especially inside a cavity, are such 

mechanisms governed by mainly two-photon processes. Proper knowledge of dynamic 

polarizability can remove the ambiguity coming from the energy shift (Starkshift) induced by the 

external light source. The scalar part of the static (no light) polarizability is a measure of the Black-

Body-Radiation (BBR) shift. The study of dynamic polarizability can also serve the tune-out 

wavelength, which is important for state insensitive trapping scheme. Here our goal is to calculate 

one- and two-photon dynamic polarizability of the states used for clock transition. We follow the 

systematic approach given below to fulfill our goal. We employ correlation exhaustive relativistic 

coupled-cluster (RCC) theory to calculate dipole matrix elements necessary for the calculation of 

polarizability.   

The primary aim of this work is to test the correlation exhaustiveness of our RCC method and 

calibrate its implementation in our program. We choose rubidiumlike ions (Y III, Zr IV, Nb V, Mo 

VI, and Tc VII) due to their relatively simple but highly correlated electronic structure. We find 

some anomalous correlation trends in the energy values of 4 2F states and 52D 42F matrix elements 

of the ion. The calculated parameters are extremely important for astrophysical interests. Most of 

the parameters of Tc VII ions are calculated for the first time in literature. We have calculated the 

dipole matrix elements for Y2+ and Ba+ ion, which are used to calculate dynamic polarizability 

further. 

Ba+ and Y2+ ions are the ideal candidates for ionic clock due to their well-understood atomic 

structure and the existence of two meta-stable states. The transitions between forbidden transitions 

mediate the transition between the ground state and the first two excited states. ground state and 

first two excited states are mediated by forbidden transitions. Here we presented the dynamic 

profile of polarizabilities for the clock states and extracted magic wavelength and tune-out 

wavelengths from these. The calculated static values of scalar polarizabilities are a measure of 

Black-Body-Radiation shift. 
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Recent investigations show that a two-photon optical clock can be better than single-photon in 

terms of stabilization and accuracy. We employ a two-photon model to calculate dynamic 

polarizabilities of the clock states and extract magic wavelengths from these. As an intriguing 

application, we investigate its importance on an ion-atom mixture of heteronuclear (137Ba+-87Rb) 

binary systems. We achieve more exibility in the spin-changing process with a two-photon source 

which can be applied to other atomic mixture systems to generate entanglement between two 

different atoms and control the singlet-pairing process. 

Keywords: Trapping and cooling, Polarizability, Black-Body-Radiation, Electron-correlation, 

Magic and tune-out wavelength, Relativistic coupled-cluster theory, Atomic transition 
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Hydraulic engineers faced with complex practical and theoretical hydrodynamic or 

morphodynamic processes look forward to computational modelling as an elegant and cost-

effective tool for finding a solution. However, while doing so, one is often encountered with issues 

pertaining to the applicability or effciency of a particular numerical model in simulating a given 

ow problem. This research work presents a comprehensive and systematic study on the 

implementation of 1D/2D depth-averaged hydrodynamic and morphodynamic models and coupled 

2D RANS-VOF turbulence models for simulating a collection of hydraulic ow phenomena chosen 

from laboratory and field applications as described below.   

The depth-averaged morphodynamic model is applied for simulating the failure of non-cohesive 

granular dams due to overtopping, incorporating an equilibrium model of sediment transport, 

based on the ux form of the Exner equation. The effect of a steep bed slope of the dam face is taken 

into account in both the hydrodynamics and sediment transport equations and solved using a well-

balanced high-resolution finite volume algorithm. The equilibrium model outcome is compared 

with results obtained from existing non-equilibrium models and also validated against 

experimental data. A Serre-Green-Naghdi (SGN) model is developed for simulating positive surge 

wave propagation. Numerical treatment of SGN equations coupled with eddy viscosity type wave-

breaking scheme is discussed and the necessity of using an overall fourth-order accurate schemes 

is demonstrated. The deficiencies of the weak-nonlinearity ssumption of Boussinesq type models 

are shown. The results produced by the proposed model appear to be at par with Large-eddy 

simulation solutions. The nonhydrostatic ow field for an undular surge wave is experimentally 

measured and compared with the model estimations. Weak undular hydraulic jump is simulated 

using a 2D RANS-VOF model. Turbulence is modelled using the k{! Shear Stress Transport (SST) 

turbulence model. The proposed model is seen to accurately reproduce the key free-surface 

haracteristics and the velocity and pressure fields corresponding to undular jumps. The model is 

also successful in reproducing the bottom recirculation region below the first wave crest for 

undular jumps with a partially developed boundary layer at the jump toe, which agrees well with 

the experimental observations. Submerged ows over barrage weirs is analysed using a 2D RANS-

VOF model coupled with the RNG k-" equations. Numerical simulations are performed for a wide 

range of hydraulic conditions for deriving reliable correlations corresponding to submerged ows 

over barrage weirs. The piezometric gauging technique is proposed as a more accurate alternative 

to the commonly recommended free-surface gauging technique for quantifying the discharge 

reduction factor of such weirs for submerged conditions. A 2D depth averaged model for 



 

 69 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

simulating tidal bores in the River Hooghly, India is presented. A high-resolution well balanced 

finite volume scheme is used to solve a pre-balanced formulation of the 2D SWE. The model is 

validated by comparing the results with field data. The study bears relevance from a practical 

engineering viewpoint, as tidal bores considerably impact shipping along the river and affect the 

vessels' berthing at the riverine port at Kolkata. 

Overall, the studies presented in the thesis highlight that computational models can provide new 

insights about complex hydraulic ow problems that are routinely encountered in the real world. It 

is hoped that the studies accomplished in this work will enrich the field of computational 

hydraulics for a better understating of practical hydraulic engineering problems. 

 

Keywords: Finite volume method; CFD; RANS-VOF; SGN model; Undular ows; Sediment 

transport; Tidal bore; Barrage weir. 
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This research intends to answer two questions: (1) Are senior citizens resources and why? (2) What 

are the drivers of their self-reliance? To answer the first question, a qualitative study was carried 

out using interviews and observations. Forty-three senior citizens were selected using a snowball 

sampling technique from Kolkata and nearby areas; 22 young adults shared their opinions from 

same locations to gauge whether those were congruent with the views of senior citizens. Senior 

citizens perceive themselves as resources because they possess positive behavioural traits, 

intrapersonal and interpersonal abilities, and wellness. The views were consistent with 21 young 

participants. Senior citizens prefer to stay active for long span to become valuable for the family 

and society. They require support and opportunities from their families and societies to harness 

their abilities and change adverse perceptions about them. To answer the second question, a 

quantitative study, administering a questionnaire, examines whether positive attributes directly and 

positive attributes via happiness indirectly predict the self-reliance of senior citizens vs. young 

adults. Also, it tests whether psychological immune system moderates the indirect relations. 

Participants were 167 senior citizens and 174 young adults. The results suggest that psychological 

immune system of senior citizens and happiness of young adults are the most necessary promoter 

of their self-reliance. The possession of positive attributes furthers the happiness that improves 

self-reliance of senior citizens and young adults. Psychological immune system does not show 

moderating effects but acts as a precursor to self-reliance of senior citizens and young adults. 

Implications of the findings are discussed.    

Keywords: Positive behavioural traits, intra and interpersonal abilities, wellness, happiness, 

psychological immune system, self-reliance. 
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Exponential increase in demand and low production of oil seed crop has become a challenge for 

India’s edible oil industry, which necessitates field experimentation for area expansion and 

productivity enhancement of oil seed. The objectives of this investigation were to study the effect 

of varying doses and sources of phosphorus and growth hormones on yield and oil quality of niger 

(Guizotia abyssinica (L.f.) Cass.) in lateritic soil with improved soil fertility. Field and pot 

experiments on niger (cv. Birsa niger) to study the effect of phosphorus management and growth 

hormone application, respectively were conducted during 2014 to 2016 in the experimental farm 

of Agricultural and Food Engineering Department, IIT Kharagpur. The phosphorus management 

included three different phosphorus doses (30, 60 and 90 kg ha-1) through chemical fertilizer (CF) 

alone and in combination with organic sources i.e., Vermicompost (V), Mustard oil cake (O), and 

Bone meal (B) as integrated nutrients. The growth hormone treatment included application of 

Indole Acetic Acid (IAA) and Benzyl Aminopurine (BAP) alone at varying concentration (25, 50, 

75, 100 mg l-1) and in combination. Increasing the P fertilizer dose from 0 to 60 kg ha-1 increased 

the seed yield (~40%) and oil content significantly, but further increasing the dose to 90 kg ha-1 

did not bring any significant improvement. Among the sources, CF and O+CF resulted 

significantly higher seed yield than V+CF and B+CF. However, all integrated nutrients had higher 

unsaturated fatty acid and lower saturated fatty acid content of niger seed as compared to CF alone. 

Increasing the P fertilizer dose reflected higher antioxidant activity of niger oil in integrated 

nutrients, but not in CF. Application of IAA at 50 mg l-1 with BAP at 75 or 100 mg l-1 was 

effective in increasing the seed yield as well as oil content and quality. The organic sources, V and 

O were better effective than B in increasing the soil phosphorus availability, phosphorus 

solubilizing bacterial population and acid and alkaline enzyme activity. The results suggested the 

suitability of organic source for balanced nutrient management and growth hormone in improving 

niger seed yield, oil quality and productivity of lateritic soil. 

Keywords: Antioxidant activity, Fatty acid, Growth hormone, Niger seed yield, Nutrient 

management, Oil content 
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Supercapacitors are a class of energy storage devices which rely on surface reactions in an 

lectrochemical environment to store charges. These surface reactions involve forming a double 

layer of immovable electrostatic charges that is separated from the electrode by a few Å. Else it 

can also involve redox reactions at the electrode surface which is usually initiated by ions from the 

lectrolyte. Supercapacitors takes small amount of time for their charging and discharging process, 

demonstrates high cyclic lifetime and has a high rate capacity. Supercapacitors can achieve a high 

power density which is ideally suited for applications where short burst of power is required. High 

electrode surface area can boost the capacitance, while use of neutral aqueous based, organic based 

and ionic liquid based electrolytes have shown to enhance the voltage capability of the 

supercapacitor which can drive up its energy density. Hydrogen Evolution Reaction (HER) and 

Oxygen Evolution Reaction (OER) are constituent reaction of electrochemical splitting of water 

(H2O) molecule in the presence of a catalyst. These reactions form part of a promising water based 

energy cycle which can happen in an acidic or an alkaline environment. The role of electrocatalyst 

is vital in determining the potential and kinetics of these reactions. Electrocatalysts having metal 

ions high redox activity, high surface area and suitable binding energies of reaction intermediaries, 

and low toxicity are highly sought after for these aforementioned reactions.   

Magnesium based metal oxides having one or more redox ions, with vacant/partially filled d-

orbitals are suited for electrochemical applications. They present a viable choice for both 

supercapacitor as well electrocatalyst role and have been reported in scientific literature in such 

roles. The present investigation is focused on synthesis of MgAO2 (where A = Ni, Co) and 

MgFe2O4 electrode by different techniques. These electrode samples are suitable characterized to 

determine their material properties such as phase, microstructure, vibrational modes, electronic 

states and chemical bonds present in them. Thereafter these electrode materials are subjected to a 

series of electrochemical tests to assess their voltage window, charge storage process, the specific 

capacitance, the relaxation time, the energy density, the capacitance retention (for 1000 cycles), 

the HER and OER onset voltage, overpotential, fitted Tafel slopes, ECSA and catalytic stability. 

These tests help us to assess the performance of the electrode materials towards supercapacitor 

electrode using neutral aqueous electrolyte systems and alkaline electrocatalyst role. 

 

Firstly, MgNiO2 electrode is prepared by sol-gel method and named as MNO-3. The sample had 

spherical particle with 40-50 nm diameter. Supercapacitor performance of MNO-3 electrode in Li-
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ion based (1 M Li2SO4) electrolyte revealed a specific capacitance of 30 F/g (put through 0.5 A/g 

current density), energy density of 20 Wh/kg and 88.12% capacitance retention (exposed to 1.5 

A/g current density). In Na-ion based (0.5 M Na2SO4) electrolyte, MNO-3 electrode demonstrated 

a specific capacitance of 34 F/g (put through 0.5 A/g current density), energy density of 23 Wh/kg 

and capacitance retention of 87.38% (exposed to 2 A/g current density). Using Mg-ion (1 M 

Mg(ClO4)2) electrolyte, MNO-3 electrode displayed a specific capacitance of 26 F/g (put through 

0.5 A/g current density), energy density of almost 17 Wh/kg and 87.43% capacitance retention 

(exposed to 2 A/g current density). Next, MgNiO2 sample was prepared by molten-salt method. 

The sample was named MNO-1 and it was found to be composed of octahedron shaped particles 

with a 550 nm diameter on average. In Na-ion electrolyte (0.5 M Na2SO4), the sample exhibited 

a specific capacitance of 76 F/g (put through current density of 0.75 A/g), capacitance retention of 

88.3% (exposed to 1.5 A/g current density) and energy density of almost 51 Wh/kg. MNO-1 

sample using alkaline (1 M KOH) electrolyte demonstrated -0.636 V (vs. R.H.E) HER onset 

voltage, 636 mV overpotential, and 222.05 mV/dec Tafel slope. It also exhibited 56.75 cm2 ECSA 

and a very steady current response for 5 h duration with a minor reduction of 6 mV overpotential. 

Then MgCoO2 sample was prepared via sol-gel method and called MCO-3. The sample had 

particles with an irregular cuboidal shape whose diameter is 260 nm on average. MCO-3 sample 

displayed a specific capacitance of 56 F/g (put through 0.5 A/g applied current density), energy 

density of 38 Wh/kg, 92.53% capacitance retention (exposed to 5 A/g applied current density) 

using Li-ion electrolyte (1 M Li2SO4). In Na-ion electrolyte (1 M NaClO4), the sample displayed 

a specific capacitance of 47 F/g (under 0.5 A/g applied current density), energy density of almost 

31 Wh/kg, capacitance retention of 91.41% (under 3.5 A/g current density). For HER application 

in KOH electrolyte, MCO-3 realized a HER onset at -0.4 V (vs. R.H.E) and achieved an 

overpotential of 400 mV, in addition to a fitted Tafel slope of 174 mV/dec. The sample further 

showed an ECSA of 46 cm2 and a high degree of stability in current response for 5 h cycling with 

a minor drop in overpotential by 20 mV. 

Lastly MgFe2O4 sample was fabricated using sol-gel method. The sample was named MFO-1 and 

it constituted of spherical nanoparticles with almost 47 nm diameter on average. MFO-1 sample 

achieved a specific capacitance of 61 F/g (exposed to 0.5 A/g applied current density), capacitance 

retention of 82.91% (put through 2.25 A/g current density) and energy density of 41 Wh/kg in 

conjunction with Na-ion electrolyte (1 M NaClO4). In Mg-ion electrolyte (1 M Mg(ClO4)2), the 

sample achieved a specific capacitance of 43 F/g (put through a current density of 0.75 A/g), 

82.15% capacitance retention (exposed to 1.5 A/g applied current density) and 29 Wh/kg energy 

density. In KOH electrolyte, the sample showed an OER onset at 2.32 V (vs. R.H.E), 1.09 V 

overpotential, and 317 mV/dec calculated Tafel slope. The sample obtained 10.225 cm2 ECSA 

and a steady OER response for 5 h duration with a minor reduction of overpotential by 22 mV. 

HER experiments on MFO-1 revealed HER onset at -0.402 V (vs. R.H.E), a calculated 

overpotential of 402 mV, fitted Tafel slope of 241 mV/dec, and stable amperometric response for 

5 h duration with slight drop of 19 mV overpotential. 

The electrode materials which have been investigated as part of this present study, showed a 

versatile electrochemical behavior. Supercapacitor electrode with high voltage window and 
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enhanced energy storage ability were demonstrated. Alkaline HER measurements on the samples 

exhibited high stability, low overpotential and high catalytic stability. Alkaline OER experiment 

on MFO-1 revealed a high overpotential which can be attributed to high binding energy of 

hydroxide intermediaries with the catalytic surface and low surface coverage. We found good OER 

stability response indicating the robust nature of MFO-1 in electrocatalyst role. The electrode 

materials used in our study can be synthesized very cheaply and are non-toxic in nature, which 

increases its potential in green energy storage role. 

 

Keywords: supercapacitors, energy density, voltage window, electrocatalyst, overpotential, 

catalytic stability 
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Ischemic stroke injury can be characterized by a central core tissue severely deprived of blood ow 

and surrounded penumbra tissue with collateral blood ow. As time-window is narrow to identify 

ischemic territory from multi-parametric MRI and re-establish the tissue perfusion, the immediate 

objective of ischemic stroke therapy is automatic identification and salvaging of penumbra before 

it degenerates into necrotic tissue. Manual tracing of injury on multiple slices and multiple 

modalities is limited by varying lesion shape, observer fatigue and inter and intra-observer 

variabilities. This thesis presents accurate and reproducible methods for automatic segmentation 

of ischemic lesion followed by core-penumbra differentiation. Two unsupervised and one 

supervised methodologies are developed here, which infuse biological cues adopted by human 

experts into automated algorithms for trustable and very fable clinical interpretation. Method-1: 

Hemispheric asymmetry of stroked-lesion is o fatten a neuro-radiological cue as healthy brain is 

mostly symmetric. Hence, a symmetry determined superpixel based hierarchical clustering 

(SSHC) algorithm is developed to identify strokedlesion.Method-2: To segment both core and 

penumbra from multi-parametric MRI with both diffusion and perfusion sequences, a multi-view 

iterative random walker (MIRW) algorithm is proposed with automated seed point detection 

utilizing the hierarchical decomposition of volumetric histogram. The individual lesion 

estimations from axial, coronal and sagittal views are conglomerated iteratively for a 

computationally effcient segmentation and quantification of the salvageable and necrotic tissues. 

Method-3: A supervised multi-path convolution leveraged attention deep network (MCA-DN) is 

also proposed, which acquires attention by embedding multiple filter paths and prioritizing the 

selective activation of multi-parametric MRI sequences to quantify core and penumbra. 

These three proposed methodologies are evaluated on three challenging adult (sub-) acute stroke 

datasets, two of which are publicly available and benchmarked. Proposed methods outperformed 

state-of-the-art methods with signi_cant improvements in Dice similarity score (core: 4.6 - 

23.57%; penumbra: 3.1 { 10.65%), sensitivity (core: 0.8 { 34.9%; penumbra: 7.1 { 14.6%), and 

speci_city (core: 0.2 { 0.9%; penumbra: 1.8 { 8.7%). This demonstrates the promising potential of 

the proposed methods for computational analysis of adult stroke and to quantify salvageable 

penumbra for quick and enhanced candidate-selection for recanalization in stroke patients. 

Keywords: Core-penumbra, Di_usion Perfusion Mismatch (DPM), Ischemia, Multi-parametric 

MRI, Multi-view, Brain-symmetry, Random walks, Convolutional neural network 
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This thesis elaborates synthesis and electrochemical investigations of aliovalently substituted P2-

type Na0.67Ni0.33Mn0.67O2 as cathode and Sb/ Sn-based intermetallics as anode materials for 

the application in sodium-ion batteries. Solidstate synthesis and electrochemical characterizations 

on Ti4+-substituted P2-type layered oxides Na0.67Ni0.33–xTixMn0.67O2 (x = 0, 0.08 and 0.16) 

were optimized as cathode for non-aqueous sodium-ion batteries. The electron paramagnetic 

resonance (EPR) spectroscopy technique was utilized to determine the oxidation state of Mn in the 

as-synthesized pristine and substituted P2-type oxides. The ratio ofMn3+ and Mn4+ in the 

substituted materials was confirmed by carefully evaluating the spectral linewidth and g-values. 

Na0.67Ni0.25Ti0.08Mn0.67O2 cathode by suppressing destructive P2-O2 transition retains 84% 

of its initial capacity at the end of 50 charge-discharge cycles between 1.5 and 4.3 V. The initial 

gravimetric energy density of Na0.67Ni0.17Ti0.16Mn0.67O2 cathode is recorded as 620 Whkg–

1, which is close to the existing Li-ion cathodes against metallic lithium. P2-

Na0.67Ni0.25Ti0.08Mn0.67O2 cathodes have offered above 95% of initial capacity retention up 

to 40 charge-discharge cycles within 1.5 - 4.3 V regardless of the tested electrolyte system. The 

initial capacity loss in P2-Na0.67Ni0.33Mn0.67O2 has significantly reduced by aliovalent V5+-

ion substitution on the Ni-site. The Na0.67Ni0.22V0.11Mn0.67O2 cathode displays a loss of only 

24% of its initial discharge capacity in the initial 10 cycles when electrochemically charged up to 

4.3 V. In the presence of 1.0 M NaClO4 in EC: PC: DMC (0.45: 0.45: 0.1) electrolyte, a minimum 

loss (21% of initial discharge capacity) has been achieved after 50 chargedischarge cycles. Sn-

based ternary intermetallics Cu5.0+xZn4.3–x–ySn0.7+y (0.6 ≤ x ≤ 1.8, 0.2 ≤ y ≤ 0.8) have first 

been investigated as anodes in sodium-ion batteries. Excellent charge capacity retention during 

sodium-ion reaction ranging from 65-80% has been attained within 0.005-2 V. Various Sn- and 

Zn-alloying/dealloying steps have been identified upon Na-ion reactions. Ternary Cu6–

δZn2+δSb2 (δ = 0 and 1) intermetallics have offered dual Sb- and Zn-alloying/de-alloying when 

cycled against Na-metal for the first time as anode materials. Cu5Zn3Sb2 system has extended the 

first cycle coulombic efficiency to 86% upon addition 5% fluoroethylene carbonate (FEC) to the 

electrolyte. 

 

Keywords: Sodium-ion battery; Electrode materials; Aliovalent substitution; P2-

Na0.67Ni0.33Mn0.67O2; Binary and ternary intermetallics; Phase transition 
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Hydrocyclones boast of ubiquitous utilization in the mineral processing industry as the preferred 

processing solution for a variety of applications. One of the most crucial application of the 

hydrocyclone is to be employed as the classification unit associated with closed-circuit grinding 

operations. For efficient downstream processing, it is ideally imperative that the hydrocyclone 

consistently delivers accurate separation cut-sizes at high processing capacities while operating 

in the spray discharge regime. Altering the complex relationship between the operating parameters 

of a hydrocyclone to the benefit of performance optimization, has been the goal of numerous 

design optimization and modification studies. However, the design simplicity of hydrocyclone 

have contributed greatly to its widespread application. Thus, the industry is still dominated by the 

relatively unaltered designs of the hydrocyclone.   The processing capacity of a hydrocyclone can 

be increased by increasing the feed flowrate, solid concentration or both. The former results in a 

decrease in cut-size while the latter results in an increase in cut-size. Thus ideally, an equal cut-

size can be attained at higher processing capacities by increasing both feed flowrate and solid 

concentration appropriately. But this strategy poses the serious risk of onset of roping due to spigot 

overloading. The initial objective was thus, to alleviate the onset of roping at high solid loading 

conditions. The next objective was to attain lower cut-size without varying flowrate or solid 

concentration. Hence, the flow features prevailing inside the conventional spigot were scrutinized 

with a numerical approach in order to identify the key hydrodynamic features associated with 

spigot discharge. Through analysis of the findings of the numerical study, a divergent shape of 

spigot was proposed to impede the commencement of roping at higher solid throughputs. 

Similarly, after close scrutiny and analysis of the flow features prevailing in vortex finder to 

identify prospective methods of decreasing the collection of coarser particles in the overflow, a 

converging vortex finder shape was proposed for suppressing cut-size. The results of well-planned 

experiments on laboratory scale 2-inch and 3-inch hydrocyclones fitted with the new designs of 

outlets revealed that individually, the proposed designs of spigot and vortex finder successfully 

work for the former and the latter objectives respectively. Finally, experimentation with different 

combinations of the modified spigots and vortex finders on a 3-inch hydrocyclone revealed that 

tailor made combinations of modified spigots and vortex finders can cater to a wide spectrum of 

conventionally non-overlapping ranges of capacities and cut-sizes. 

Keywords: Hydrocyclone, Rope discharge, Diverging spigot, Cut Size, Converging vortex finder, 

Capacity 
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Supercapacitors are a class of energy storage devices which rely on surface reactions in an 

electrochemical environment to store charges. These surface reactions involve forming a double 

layer of immovable electrostatic charges that is separated from the electrode by a few Å. Else it 

can also involve redox reactions at the electrode surface which is usually initiated by ions from the 

electrolyte. Supercapacitors takes small amount of time for their charging and discharging process, 

demonstrates high cyclic lifetime and has a high rate capacity. Supercapacitors can achieve a high 

power density which is ideally suited for applications where short burst of power is required. High 

electrode surface area can boost the capacitance, while use of neutral aqueous based, organic based 

and ionic liquid based electrolytes have shown to enhance the voltage capability of the 

supercapacitor which can drive up its energy density. 

Hydrogen Evolution Reaction (HER) and Oxygen Evolution Reaction (OER) are constituent 

reaction of electrochemical splitting of water (H2O) molecule in the presence of a catalyst. These 

reactions form part of a promising water based energy cycle which can happen in an acidic or an 

alkaline environment. The role of electrocatalyst is vital in determining the potential and kinetics 

of these reactions. Electrocatalysts having metal ions high redox activity, high surface area and 

suitable binding energies of reaction intermediaries, and low toxicity are highly sought after for 

these aforementioned reactions.   

Magnesium based metal oxides having one or more redox ions, with vacant/partially filled d-

orbitals are suited for electrochemical applications. They present a viable choice for both 

supercapacitor as well electrocatalyst role and have been reported in scientific literature in such 

roles. 

 

The present investigation is focused on synthesis of MgAO2 (where A = Ni, Co) and MgFe2O4 

electrode by different techniques. These electrode samples are suitable characterized to determine 

their material properties such as phase, microstructure, vibrational modes, electronic states and 

chemical bonds present in them. Thereafter these electrode materials are subjected to a series of 

electrochemical tests to assess their voltage window, charge storage process, the specific 

capacitance, the relaxation time, the energy density, the capacitance retention (for 1000 cycles), 

the HER and OER onset voltage, overpotential, fitted Tafel slopes, ECSA and catalytic stability. 

These tests help us to assess the performance of the electrode materials towards supercapacitor 

electrode using neutral aqueous electrolyte systems and alkaline electrocatalyst role. 

 



 

 79 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

Firstly, MgNiO2 electrode is prepared by sol-gel method and named as MNO-3. The sample had 

spherical particle with 40-50 nm diameter. Supercapacitor performance of MNO-3 electrode in Li-

ion based (1 M Li2SO4) electrolyte revealed a specific capacitance of 30 F/g (put through 0.5 A/g 

current density), energy density of 20 Wh/kg and 88.12% capacitance retention (exposed to 1.5 

A/g current density). In Na-ion based (0.5 M Na2SO4) electrolyte, MNO-3 electrode demonstrated 

a specific capacitance of 34 F/g (put through 0.5 A/g current density), energy density of 23 Wh/kg 

and capacitance retention of 87.38% (exposed to 2 A/g current density). Using Mg-ion (1 M 

Mg(ClO4)2) electrolyte, MNO-3 electrode displayed a specific capacitance of 26 F/g (put through 

0.5 A/g current density), energy density of almost 17 Wh/kg and 87.43% capacitance retention 

(exposed to 2 A/g current density). 

Next, MgNiO2 sample was prepared by molten-salt method. The sample was named MNO-1 and 

it was found to be composed of octahedron shaped particles with a 550 nm diameter on average. 

In Na-ion electrolyte (0.5 M Na2SO4), the sample exhibited a specific capacitance of 76 F/g (put 

through current density of 0.75 A/g), capacitance retention of 88.3% (exposed to 1.5 A/g current 

density) and energy density of almost 51 Wh/kg. MNO-1 sample using alkaline (1 M KOH) 

electrolyte demonsrated -0.636 V (vs. R.H.E) HER onset voltage, 636 mV overpotential, and 

222.05 mV/dec Tafel slope. It also exhibited 56.75 cm2 ECSA and a very steady current response 

for 5 h duration with a minor reduction of 6 mV overpotential. 

Then MgCoO2 sample was prepared via sol-gel method and called MCO-3. The sample had 

particles with an irregular cuboidal shape whose diameter is 260 nm on average. MCO-3 sample 

displayed a specific capacitance of 56 F/g (put through 0.5 A/g applied current density), energy 

density of 38 Wh/kg, 92.53% capacitance retention (exposed to 5 A/g applied current density) 

using Li-ion electrolyte (1 M Li2SO4). In Na-ion electrolyte (1 M NaClO4), the sample displayed 

a specific capacitance of 47 F/g (under 0.5 A/g applied current density), energy density of almost 

31 Wh/kg, capacitance retention of 91.41% (under 3.5 A/g current density). For HER application 

in KOH electrolyte, MCO-3 realized a HER onset at -0.4 V (vs. R.H.E) and achieved an 

overpotential of 400 mV, in addition to a fitted Tafel slope of 174 mV/dec. The sample further 

showed an ECSA of 46 cm2 and a high degree of stability in current response for 5 h cycling with 

a minor drop in overpotential by 20 mV. 

Lastly MgFe2O4 sample was fabricated using sol-gel method. The sample was named MFO-1 and 

it constituted of spherical nanoparticles with almost 47 nm diameter on average. MFO-1 sample 

achieved a specific capacitance of 61 F/g (exposed to 0.5 A/g applied current density), capacitance 

retention of 82.91% (put through 2.25 A/g current density) and energy density of 41 Wh/kg in 

conjunction with Na-ion electrolyte (1 M NaClO4). In Mg-ion electrolyte (1 M Mg(ClO4)2), the 

sample achieved a specific capacitance of 43 F/g (put through a current density of 0.75 A/g), 

82.15% capacitance retention (exposed to 1.5 A/g applied current density) and 29 Wh/kg energy 

density. In KOH electrolyte, the sample showed an OER onset at 2.32 V (vs. R.H.E), 1.09 V 

overpotential, and 317 mV/dec calculated Tafel slope. The sample obtained 10.225 cm2 ECSA 

and a steady OER response for 5 h duration with a minor reduction of overpotential by 22 mV. 

HER experiments on MFO-1 revealed HER onset at -0.402 V (vs. R.H.E), a calculated 
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overpotential of 402 mV, fitted Tafel slope of 241 mV/dec, and stable amperometric response for 

5 h duration with slight drop of 19 mV overpotential. 

The electrode materials which have been investigated as part of this present study, showed a 

versatile electrochemical behavior. Supercapacitor electrode with high voltage window and 

enhanced energy storage ability were demonstrated. Alkaline HER measurements on the samples 

exhibited high stability, low overpotential and high catalytic stability. Alkaline OER experiment 

on MFO-1 revealed a high overpotential which can be attributed to high binding energy of 

hydroxide intermediaries with the catalytic surface and low surface coverage. We found good OER 

stability response indicating the robust nature of MFO-1 in electrocatalyst role. The electrode 

materials used in our study can be synthesized very cheaply and are non-toxic in nature, which 

increases its potential in green energy stororage role. 

Keywords: supercapacitors, energy density, voltage window, electrocatalyst, overpotential, 

catalytic stability 
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Oxidation of water is the main challenging step to produce H2 from water-splitting reaction. This 

particular reaction is energetically uphill process (ΔG° = +113.38 kcal/mol), and it involves 

removal of multiple protons and electrons along with slow kinetics of formation of an 

xygenoxygen bond. Therefore, to build hydrogen-based energy economy by splitting of water 

using sunlight, it is necessary to understand the water oxidation reaction at molecular level in order 

to design an efficient water oxidation catalyst (WOC). With this concern, the research works 

presented in this thesis are focused on developing new mononuclear Ru-based WOCs and 

exploration of their water oxidation activities with mechanistic details. The thesis comprises of six 

chapters. The Chapter 1 provides a general overview of molecular water oxidation catalysis 

including background theory, general factors to design efficient catalysts and mechanistic insights. 

It also includes a brief literature overview of the developed molecular WOCs, particularly Ru-

based, in last forty years. The Chapter 2 describes the synthetic procedures of various ligand- and 

Ru-precursors, general instrumentation and techniques, and details of computational methods used 

for the whole research work. The Chapter 3 reports Ce(IV) driven water oxidation activities of 

two mononuclear RuII-aqua complexes supported by neutral polypyridyl based pentadentate 

ligand frameworks. The effect of electronic perturbation on catalytic performances by changing 

the ligand scaffold is described here. Electrochemical, spectroscopic and kinetic studies establish 

a mechanism where a formal ruthenium(VI)-oxo species acts as an active intermediate, triggering 

O–O bond formation via water nucleophilic attack pathway. Furthermore, the deactivation 

pathway of catalyst under catalytic condition has been investigated. The Chapter 4 describes 

Ce(IV)-driven water oxidation activity of a mononuclear ruthenium(III) complex supported by an 

anionic, redox-non-innocent ligand. Mechanistic investigations by spectroscopic, electrochemical, 

kinetics and computational studies reveal that reaction proceeds through formation of a high-valent 

formal RuVII species, where the redox active ligand participates to accumulate the oxidation 

equivalents in cooperation with metal centre, thereby metal ion needs to reach V oxidation state at 

the most. Based on kinetic studies, an unconventional pathway for O-O bond formation via 

heterometallic radical coupling interactions between the oxygen atoms of a hydroxocerium(IV) 

ion and a metal oxyl moiety has been demonstrated. In Chapter 5, an unusual functionality of a 

strategically placed dangling carboxylic group in a Ru-complex towards O-O bond formation to 

promote water oxidation via oxide relay pathway has been described. Isotope labelling experiment 

using 18O-labelled water has been performed to establish the mechanism. The presence of pendant 

carboxylic group enormously enhances the catalytic rate that is compared with another Ru(II) 

complex having similar coordination environment, but, without a dangling carboxylic group. In 

Chapter 6, an overall summary and final remarks of research outcome are stated. 
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The thesis reports the synthesis, crystal structure, stability of rhodium and gold-based binary 

intermetallic phases. The intermetallic compounds have been synthesized by the traditional high-

temperature method starting from highly pure constituent metals. X-ray diffraction (XRD), and 

energy-dispersive X-ray spectroscopy techniques (EDX) have been employed for the structural 

characterization of the compounds. To understand the stability of the as-synthesed intermetallic 

phases, electronic structure calculations have been carried out using tight-binding linear muffin-

tin orbital employing atomic sphere approximation (TB-LMTO-ASA), Vienna ab-initio simulation 

package (VASP), and Quantum ESPRESSO package. 

 

Our study on Cd rich part of the Rh-Cd system has uncovered two new compounds (Rh3Cd5-δ 

(δ~0.56) and Rh2Cd5) in close vicinity to RhCd (1:1). Both the compounds are found to be 

structurally related to RhCd. 

 

The non-stoichiometric Rh3Cd5-δ (δ~0.56) crystallizes in the body –centered cubic space group 

Im3̅m (229) with lattice parameter a = 6.3859(9) Å. The structure contains three 

crystallographically independent sites in its unit cell: Cd-2a, Cd-8c and Rh-6b The interesting 

structural feature is that the Cd-2a position holds ~56% random vacancy. The structure represents 

a defect 23 superstructure of bcc-type RhCd with a vacancy concentration of nearly 6%. The first 

principles electronic structure calculation on a hypothetical ordered configuration of Rh3Cd5-δ 

(δ~0.56) reveals that Rh-Cd hetero-atomic interaction plays a major role in the stability of the 

compound. A combination of total energy, formation energy, and COHP calculations on a 

hypothetical model (a close approximation to the experimental model) establishes that the 

compound upholds an optimum vacancy concentration in one of the cadmium sites (Wyckoff: 2a) 

for the stability of the phase. 

 

Rh2Cd5 that crystallizes in the orthorhombic space group Pbam (55), adopts In3Pd5 structure type 

with an ordered vacancy. The compounds is viewed as a 2×4×1 modified superstructure of the 

CsCl type RhCd and is closely related to Rh3Cd5- The crystal structure is made 

of two 2D atomic layers with the stacking sequence: ABAB. The significance of vacancy in 

Rh2Cd5 was investigated by the first-principles calculations. 

 

A preliminary electronic structure calculations reveal that all these three structurally related 

compounds (RhCd, Rh2Cd5, and Rh3Cd5-δ (δ~0.56)) discern observable pseudogaps across the 

Fermi level in the DOS curves and, thereby, they may be stabilized by the Hume Rothery 

mechanism, i.e. Fermi surface-Brillouin zone (Fs-Bz) interaction. The chemical bonding analyses 
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applying the crystal orbital Hamilton population (COHP) approach unveil that both the Cd-Cd and 

Rh-Cd interactions play a significant role in the stability of these compounds. 

 

Further investigation at the Cd rich region of the Rh-Cd system unearthed three new complex 

-brasses: (a) a rhombohedral phase at 15.7 atomic % of 

Rh, (b) a monoclinic phase at approximately 14.7 atomic % of Rh and (c) a complex cubic phase 

at ca. 11 atomic % of Rh. The present thesis covers the rhombohedral phase Rh8Cd43. Other two 

γ-brass related phases are considerably more complex and will be the subject of future 

investigation. 

 

The fully ordered compound Rh8Cd43 crystallizes in the rhombohedral space group R3̅m (166) 

(a=14.0666(9) Å and c=35.226(2) Å).and contains 306 atoms per unit cell. This new compound is 

the first example of a rhombohedral distortion of a (2aγ)3- superstructure of cubic γ-brass in 

particular, it is closely related to Rh7Mg44 (F m; a=20.157(12)). The structure is build up with 

by two main units: the 38-atom modified Pierce cluster and unions of three double sphenocoronae. 

The two main building units form 3D-networks. The structure is also described as a combination 

of flat and puckered atomic layers. The electronic structure of Rh8Cd43 shows that the phase is 

stabilized by a Hume-Rothery mechanism. 

 

In the course of our research investigation, the γ-brass region of Au-Cd, Au-Mg, and Au-Zn binary 

system have been reinvestigated to identify new γ-brass type and/or related phases. In this 

dissertation, the structure and stability of two ordered compounds Au3Mg5 and Au3Mg5 and a 

partially disordered complex AuZn2.1 are detailed. 

 

Both the Au3Cd5 and Au3Mg5 are isostructural with W5Si3. Both of them crystallize in the 

tetragonal space group I4/mcm (140). The unit cell contains 32 atoms that are distributed over four 

crystallographically independent sites (Au-4a, Au-8h, Cd-4b, Cd-16k for Au3Cd5). The structures 

are viewed as the columns of intergrown gold centered square anti-prisms, Mg or Cd-centered (Mg 

in Au3Mg5 and Cd in Au3Cd5) intergrown hexagonal antiprisms and a column of face sharing 

empty octahedra. Electronic structure calculations on the model structures show noticeable 

pseudogap at the Fermi level in the electronic density of the state curves, which is consistent with 

the Hume-Rothery phases. Both phases occur at a sharp valance electron concentration value 

(VEC) of 1.625 (e/a), which is in the VEC range of γ-brasses. 

 

The hexagonal AuZn2.1 phase that occurs in close vicinity to the rhombohedrally distorted γ-Au5–

xZn8+y crystallizes in the trigonal space group P31m (No. 157) with ~227 atoms per unit cell and 

represents a √3a×√3a×c superstructure of rhombohedrally distorted γ-Au5–xZn8+y. The structure 

is largely tetrahedrally closed packed and is described by two types of building units: a 38-atom 

modified Pierce cluster and an intergrown 19-atom double icosahedron. The formation of γ1-

AuZn2.1 can be understood within the framework of the Hume-Rothery stabilization mechanism 

with a valence electron concentration of 1.68 e/a. 

 

Keywords: Binary intermetallics; Gamma brass; Site preference; X-ray diffraction; Electronic 

structure; Hume-Rothery stabilization mechanism. 
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This thesis presents a computational study of electroosmotic ow(EOF) and ion transport through 

solid-state cylindrical/conical nanopores of membranes separating two reservoirs filled with 

incompressible electrolyte solutions. Based on the conservation principle, a continuum 

mathematical model is built without imposing any restriction on the Debye length, surface charge 

density, and magnitude of the applied electric field. The mathematical model consists of a coupled 

set of Poisson-Nernst-Planck-Navier-Stokes equations. A modified electrokinetic model (MEM-

model) is illustrated by invoking the inuence of finite ion-size and ionsolvent interactions. The 

classical Poisson-Nernst-Planck equations are modified to incorporate the essence of steric 

repulsion due to finite ion-size, Born energy difference, and dielectric decrement effect. This 

modified model (MEM-model) is expected to provide an improved elucidation of the experimental 

results as compared to the widely used standard electrokinetic model (SEM-model). The analytical 

solutions for the simplified models based on either a linearized approximation or weak-field 

consideration is provided for certain limiting cases. Chapter 1 of the thesis is introductory and 

provides the basic theory of electrokinetic phenomena and its significance. In Chapter 2, we have 

described the ion selectivity of a uniformly charged single nanopore to a charged macro-ion. The 

charged analyte is injected at the inlet reservoir and passes through the membrane due to diffusion, 

migration, and advection processes. The mathematical model is formulated by the coupled 

Poisson-Nernst-Planck-Navier-Stokes equations for the electrostatic potential, ion transport and 

hydrodynamics which are solved by a finite volume method. A selectivity index parameter is 

introduced to obtain a uantitative measure of membrane selectivity. The dependence of selectivity 

index with the electrokinetic parameters of the model is studied in this chapter 

 

The EOF and ion transport within a hydrophobic conical nanopore is numerically studied in 

Chapter 3. The continuum-based mathematical model is built on the modified Poisson-Nernst-

Planck and Navier-Stokes equations so that the impact of steric repulsion for a finite ion-size can 

be adopted. An analytical solution for electroosmotic volume ux is obtained by including volume 

exclusion effects based on either the Bikerman model or the Carnahan-Starling (CS) model within 

the hydrophobic nanopore with large aspect ratio. We have elucidated that the hydrophobicity and 

steric interaction both individually creates significant enhancement in the EOF and ion selectivity. 

However, the membrane hydrophobicity diminishes the inuence of steric interactions. 

 

In Chapter 4 we have studied the EOF within a nanotube by considering the steric interactions, 

Born energy difference, and dielectric decrement effects as the ions are considered as finite-sized 

hydrated dielectric spheres. The dielectric permittivity of the electrolyte solutions becomes a 

spatially varied function of local ionic volume fraction and is considered to govern by the Maxwell 
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mixture formula. The ion steric interaction is accounted based on the Boublik-Mansoori-

Carnahanxv Starling-Leland (BMCSL) model, which allows the nonuniform ion size for 

monovalent as well as multivalent salts. We found that the ion steric interactions and dielectric 

decrement effects are significant on a higher range of surface charge density or bulk ionic 

concentration. This chapter provides an in-depth analysis of EOF through a cylindrical nanotube 

beyond the dilute solution and low charge density limits, which has not been addressed before. 

Using the same modified mathematical model we investigated the ion current rectification (ICR) 

within a conical nanopore in Chapter 5, which arises due to the preferential direction of ion current 

generated in geometrically asymmetric nanopore. Though the theoretical framework for the ICR 

is well developed, however, the inuence of the finite size of ions on the ICR phenomena has not 

been addressed before. We found that the modified electrokinetic model (MEM-model) 

significantly inuences the ionic current and hence, the ICR. This impact becomes significant for a 

larger range of bulk ionic concentration, higher surface charge density, stronger applied bias, and 

also for salts of multivalent counterions.  

 

The Induced charge electroosmosis (ICEO) within a conical nanopore having a dielectric 

polarizable membrane is investigated in Chapter 6 by considering the volume exclusion due to ion 

steric repulsion and the ion-solvent interactions. Unlike the previous chapters, here the viscosity 

of the solution is a spatially dependent function of local volume fraction and formulated by the 

Bachelor-Green equation. The dependence of electrolyte viscosity on ionic concentration leads to 

a reduction in the mobility of ions adjacent to the charged surface. Results show that the membrane 

polarization have a strong impact on the EOF, conductance, ion selectivity, ion current rectification 

and other electrokinetic properties of the nanopore. The modified MEM-model provides an in-

depth analysis of the induced charge electroosmotic ow and ion transport in a dielectric charged 

conical nanopore beyond the low charge density and dilute solution limits. An overall conclusion 

of the studies contained in the thesis is presented in Chapter 7 along with an outline of the possible 

extensions of these works.  

 

Keywords : Electroosmotic ow, Debye layer, Conical Nanopore, Hydrophobic surface, Ion 

selectivity, Ion concentration polarization, Ion current rectification, Ion steric interactions, Born 

force, Dielectric decrement, Dielectric Polarization, Numerical Solution of PDEs, Control Volume 

Method, Upwind Scheme 
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CONSTRAINTS FROM U-PB-HF ISOTOPE AND TRACE ELEMENT 

CHEMISTRY OF ZIRCON 
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Supervisor: Dr. Dewashish Upadhyay 
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Accession No: NB17305 

 

Considerable debate exists on the nature of the early terrestrial crust, the timing and geodynamic 

regime of its formation, and how primordial crust extraction and recycling may have affected 

mantle depletion in the Hadean and the Archean. In this study, the UPb- Hf isotope and trace 

element chemistry of zircon from the Western Dharwar Craton (WDC) and the Singhbhum Craton 

(SC) is used to constrain Hadean and Archean crustal evolution, including the timing and 

geodynamic setting of granitoid crust formation and the nature and age of their protoliths. The 

granitoids of the WDC formed in four major pulses between ca. 3.43–2.65 Ga and were derived 

from shallow garnet-free plagioclase-bearing amphibolitic sources, with minor components 

derived from pre-existing tonalitic crust. The Paleoarchean granitoid suites have radiogenic 

176Hf/177Hf and plot on a common Hf vs. time trend. Their Hfisotopic compositions are 

consistent with repeated granitoid crust extraction from mafic sources that were separated from 

the depleted mantle between 3.55 Ga and 3.35 Ga. The Neoarchean granitoids have chondritic to 

slightly negative Hf isotopic composition and formed either by melting of the same 3.35 Ga mafic 

crust or by mixing between juvenile magmas and pre-existing granitoid crust. The detrital zircon 

in metasediments from the WDC preserves a continuous record of crust building from Eoarchean 

to Neoarchean. Major granitoid crust formation in the craton happened in distinct phases between 

ca. 3.68–2.65 Ga. The detrital zircon suites have both positive (mantle-like) and negative (crust-

like) εHf(t). However, the majority have depleted-mantle like composition. Some of the 

Paleoarchean detrital zircon have strongly unradiogenic εHf(t) values, requiring protoliths that 

were extracted from the mantle in the Hadean. The detrital zircon grains from the SC define major 

age populations at 3.95 ±0.10 Ga, 3.73 ±0.09 Ga, 3.55 ±0.06 Ga, 3.47 ±0.04 Ga, 3.36 ±0.03 Ga, 

3.27 ±0.06 Ga, and 3.14 ±0.06 Ga. The Hf isotopic composition of the Eoarchean populations are 

unradiogenic and shows a transition towards chondritic values (εHf(t)=-0.4 to -0.6) by ca. 3.7 Ga. 

Zircon younger than c. 3.63 Ga display a larger variation in εHf(t) (-9.2 to +3.17), but the majority 

have positive εHf(t) and crustal residence ages less than 3.6 Ga. Zircon chemistry records a 

transition in the Nb/Th and the Nb/U, coupled with the shift to more juvenile Hf-isotopic 

composition and younger protolith ages of the SC granitoids at ca. 3.7 Ga. This marks a significant 

change in the depth of melting of the granitoid protoliths and in the tectonic regime of continental 

crust formation. The Hf isotopic composition of Hadean to Eoarchean zircon generally reflects the 
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signature of long-term storage of Hadean/Eoarchean crust and granitoid production in a 

geodynamic regime more akin to stagnant-lid like convective regime. In contrast, the appearance 

of juvenile εHf(t) in late Eoarchean to early Paleoarchean zircon with relatively short crustal 

incubation time for their protoliths require a tectonic regime characterized by rapid recycling of 

basalts at deeper levels and interaction with juvenile magma in arc-like environment. A distinct 

shift in the εHf(t) of the zircon from chondritic to positive value at Eoarchean to Paleoarchean 

transition may mark the emergence of a persistent depleted mantle reservoir. 

 

Keywords (8): Western Dharwar Craton; Singhbhum Craton; zircon; U-Pb dating; zircon Hf-

isotope; trace element; Depleted mantle; Archean 
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Spontaneous instability mediated rupture of thin polymer films (thinner than 100 nm), is a 

ubiquitous phenomenon that results in rupture and subsequent dewetting of the films. Such 

instability arises due to attractive van der Waal’s forces between the interfaces of the film. While 

this phenomenon is utilized to create meso scale structures, thin film dewetting is undesirable from 

the standpoint of coating applications. In this context, several strategies have emerged over the 

recent years, out of which the most simple and effective approach is the addition of nanoparticles 

above a critical concentration. Typically, such polymer thin films are casted on a substrate by spin 

coating technique and dewetting is engendered by thermally annealing of the films (TA) to a 

temperature above glass transition temperature or exposing the films to solvent vapors (SVE). This 

thesis reports various fundamental aspects related to the morphology and stabilization of single 

and multi-component thin polymer films. While spin coating of polymer solution is known to lead 

to formation of continuous films, we report a phenomenon known as spin dewetting, where 

extremely dilute polymer solution ruptures and dewets during spin coating. Further, we show spin 

dewetting can be suppressed by the addition of nanoparticles in the polymer solution (Chapter 2). 

As dewetting is commonly engendered in films following TA and SVE routes, we show how 

dewetting route influences the final dewetted features and the dewetting dynamics for both 

particle-free as well as particle-containing thin polymer films. Additionally, the presence of 

nanoparticles, in trace amount, is observed to modulate the dewetted morphology of particle-

containing polymer thin films (Chapter 3). As stable polymer thin films with multiple 

functionalities find several applications in optical devices and coating industries, we have 

investigated the stabilization of multi-component thin polymer films, particularly of polymer 

bilayer thin films and polymer blend thin films, by addition of nanoparticles. We show that 

stabilization of the layer in a polymer bilayer thin film coated on a non-wettable substrate is 

possible when nanoparticles, above a critical concentration, is added to the top layer only (Chapter 

4). Next, we report the modulation of phase segregated morphology in an immiscible polymer 

blend thin film with increase in concentration of nanoparticles, for different film thickness and 

composition (Chapter 5). Extending this study, we further investigate the morphological evolution 

of particle-containing blend thin films subjected to thermal annealing above its glass transition 

temperature, for a particular blend composition (Chapter 6). 
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An experimental study was conducted on a laboratory-scale infrared suppression (IRS) device 

comprising conical frustum shaped funnels to assess the mass entrainment of ambient air into it 

for various operating conditions. A numerical analysis was also undertaken to assess the mass 

entrainment rate against pertinent input parameters independently. The numerical results were 

validated against the experimental data to ensure the reliability of the numerical analysis of the 

proposed IRS device at real scales. The numerical method solves the three dimensional, 

incompressible Navier-Stokes equations, the mass continuity equation and the eddy viscosity 

based two-equation k-epsilon turbulence model in the flow field. Numerical assessment of air 

entrainment was also performed for the conventional as well as for the proposed IRS device. It 

was observed that the conventional IRS device performs better than the proposed IRS device up 

to a geometric ratio of 1.4. However, beyond this value of geometric ratio, the proposed IRS device 

outperforms the conventional one significantly. In the proposed IRS device, the maximum mass 

entrainment was observed with four funnels while the nozzle was flush with the lower opening of 

the bottom-most funnel. The mass entrainment increases with increasing funnel overlap and attains 

its peak when the non-dimensional funnel overlap height is kept at 8 in the proposed IRS device. 

Further increase in the funnel overlap height reduces the mass entrainment. The nozzle protrusion 

adversely affects the mass entrainment, and therefore for getting the highest entrainment, the 

nozzle was flush with the lower opening of the bottom most funnel. Mass entrainment also 

increases with the nozzle-exit Reynolds number for the range of values considered in the study. 

 

Another experimental and numerical analysis was performed on the conical frustum shaped 

funnels in which the funnels were provided with a certain number of circumferential louvers 

around their periphery. These louvers are circular in cross section and allow additional air suction 

that causes entrainment ratio to increase considerably in the louvered-conical IRS device. A 

comparison between the louvered-conical, conical and the cylindrical IRS device based on the air 

entrainment shows that the louvered-conical IRS device outperforms the other two IRS devices 

significantly when the geometric ratio exceeds a value of 1.4. The effect of different parameters 

like number of funnels, nozzle protrusion, funnels overlap and nozzle-exit Reynolds number were 

also studied in context to the laboratory-scale louvered-conical infrared suppression device. 

 

A numerical analysis was also carried out on a real-scale infrared suppression device to estimate 

the mass entrainment of air and corresponding temperature drop of the exhaust gases flowing 

through it. The analysis of this practical-scale IRS device was performed for the exhaust of a gas 

turbine plant installed on a typical naval warship. The operational data used in the analysis were 

taken from LM2500 series gas turbine from GE. The effect of using a different number of nozzles 

atthe gas turbine exit on the air entrainment and the exit plume temperature was discussed. The 
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results show that the maximum air entrainment and minimum plume temperature can be achieved 

by using four to six numbersof nozzles depending on the inlet plume temperature. The air 

entrainment and the exit plume temperature are also affected by the pitch circle diameter of the 

nozzle placement. The maximum air entrainment and minimum exit plume temperature was 

achieved at a pitch circle diameter of 1.6m. In addition to this, the effect of various parameters 

such asthe nozzle-exit Reynolds number, funnel overlap and nozzle protrusion were also studied 

on the entities like mass entrainment and exit plume temperature in the real-scale IRS device.  

 

Keywords: air entrainment; infrared suppression device; stealth; k-epsilon turbulence model; 

louvers; plume cooling; LM2500 series gas turbine; ship 
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Over the years composite materials have become more popular in the aircraft industry. Today 

aircraft structures use 50 to 70% of composite material. However, the composite material could 

get internal aw or delamination due to unfavorable conditions during the process of manufacturing 

and fabrication. Aeroelastic strength of composite structure is significantly reduced due to damage. 

The present work is focused on effect of damage on dynamic and aeroelastic characteristics of 

damaged laminated composite plate and control of utter velocity using active fiber composite layer 

or patches. A finite element model coupled with MSC.Nastran is developed for carrying out 

aeroelastic analysis. MSC.Nastran is used to generate the aerodynamic force coefficients at 

subsonic regime.  

 

The internal aw in a composite laminate could be in the form of internal aw due to fiber breakage, 

matrix crack of fiber-matrix debonding. For laminated plate with internal aw first order shear 

deformation theory is used to perform the structural modal analysis. The internal aw is 

characterized based on anisotropic damage formulation and incorporated through the finite 

element model. The effect of orientation and location of damage on utter characteristics of 

laminated plate is investigated. The structural model of delaminated plate is constructed using 3D 

degenerated element, where the shear deformation and rotary inertia are considered based on 

Reissner-Mindlin assumption. The delamination has been incorporated using Heaviside step 

functions. The effect of delamination location and interface on utter characteristics of cantilever 

laminated plate is investigated. 

 

Conventional monolithic piezoelectric material has many disadvantages such as brittleness, non-

conform-ability to curved surface, etc. This material is also less efiicient due to its low 

piezoelectric properties. To overcome the above shortfall, active fiber composite has been in 

development in the past decade. So an attempt was made to enhance utter velocity of the plate with 

internal aw and delamination through active control technique using active fiber composite patches 

The involvement of complex manufacturing and fabrication process of composite material has 

been the main cause of uncertainty in material properties. Therefore, the stochastic analysis of utter 

characteristics of laminated composite structures is essential. Two different uncertainty models, 

such as response surface based Perturbation technique and Polynomial neural network are 

established for stochastic and reliability analysis by comparing various results with that of Monte 

Carlo simulation and First order reliability method. Finally sensitivity analysis is carried out and 

the material properties, which greatly affect the utter characteristics are identified.  
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Keywords: Anisotropic damage, Flutter characteristics, Delamination, Material uncertainty, 

Monte Carlo simulation, Perturbation technique, Polynomial neural network, First order reliability 

method, Active fiber composite, Geometric stiffness, Sensitivity. 
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Recent advancements in technologies and development of lightweight, high-strength material are 

resulting in frequent construction of high-rise buildings. Increased flexibility and lack of sufficient 

damping make these buildings vulnerable to external dynamic loads such as due to wind or 

earthquake. To reduce the risk of structural failures, it is necessary in exploring mechanisms to 

suppress the vibrations of such high-rise buildings using some suitable device. 

 

Passive liquid dampers such as tuned liquid dampers (TLD), also known as tuned sloshing damper 

(TSD) and tuned liquid column damper (TLCD) are used widely as possible vibration controlling 

devices in high-rise buildings. Traditional TLDs or TSDs are placed typically at the rooftop, where 

the modal deflection of the high-rise building is maximum. When tuned to the natural frequency 

of the building, these partially filled tanks can efficiently control the acceleration response of the 

building. When the tank is a U-shaped container, it is named as TLCD. 

 

Experiments were carried out with a U-shaped container (TLCD without orifice) to understand the 

liquid sloshing behavior and flow characteristics inside the container. Laboratory model of a single 

bay single storey structural frame was developed and the efficacy of the U-shaped container to 

reduce the acceleration response of the frame subjected to harmonic and scaled earthquake 

excitation was explored. 

 

Finite element code in MATLAB environment is developed to numerically model the liquid 

sloshing phenomenon in U-shaped containers. A suitable numerical scheme, based on 

computational fluid dynamics in ANSYS (FLUENT) platform, is proposed for multi-phase 

modelling of the fluid flow dynamics in U-shaped containers considering the flow turbulence. The 

numerical results thus obtained are compared with the experimental ones to demonstrate the 

applicability of the developed numerical model. 

 

Amongst different passive control strategies, the present research explores the utilization of liquid 

storage service tanks placed at the roof of high-rise buildings. These deep liquid tanks (DLTs) 

have a higher depth ratio than the conventional TLD/TSD. The focus of the work is to develop a 

computational framework to demonstrate the efficacy of such liquid storage tanks considering the 

fluid-structure interaction (FSI) effect using coupled FEA-CFD analysis. The aim is to arrive at an 

appropriate damper efficiency considering the position of the tank, the size of the tank, and 

different liquid filling levels. The applicability of the proposed framework is further demonstrated 

through numerical examples of high-rise buildings and various liquid dampers. Finally, it is 

observed that a suitably designed DLT may be an effective alternative to a multiple tuned liquid 

damper system. 
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KEYWORDS: High-rise buildings; Tuned liquid dampers; Tuned liquid column dampers; U-

shaped containers; Finite element analysis; Deep liquid tanks; Multiple tuned liquid dampers 
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Adverse environmental conditions and device constraints result in poor visibility and reduced 

scene details in images. Such degradations hinder proper visual experience for human users and 

impair effective vision-based decision-making by autonomous systems. Thus, enhancement of 

image quality targeted towards the improvement of scene content representation in images is an 

essential computer vision task. This thesis investigates quality improvement of images degraded 

due to a couple of environmental conditions, namely, haze and low-illumination, and due to 

constraints that result in low resolution and regional focus. It contributes novel approaches for 

single image dehazing, low-light image enhancement, multi-focus image fusion and image super 

resolution. The dehazing approaches include novel hazy image classification and color correction 

procedures, which are based on new hazy image priors, namely, haze hue prior (HHP) and haze 

saturation prior (HSP). The proposed approaches estimate the parameters of the Koshmieder's light 

scattering model to achieve dehazing. For low-light image enhancement, `exposedness' estimation 

is performed to produce a pixel-level map signifying the required degrees of enhancement at image 

pixels. This map is subsequently used in an enhancement function with a few favorable properties 

to generate the enhanced image. Before the enhancement, inherent image noise is diminished 

employing a detail-preserving low gradient magnitude suppression method. Further, a 

hardwarefriendly and computationally-simple technique that fuses multi-focus images in discrete 

cosine transform (DCT) domain is proposed. The technique uses a relation between the 

eigendecomposition of a second difference matrix with proper boundary conditions and its 

decomposition on the DCT basis, which is exploited to propose a focus measure. For image super 

resolution, a technique that performs interpolation exploiting a novel concept called `process 

similarity' is proposed. Process similarity refers to the resemblance between decompositions of the 

image at two different scales quantifying the corresponding structural relation. The complementary 

natures of discrete and stationary wavelet transforms are leveraged in the method to perform the 

interpolation. Subjective and quantitative analysis of results on a wide variety of images from 

standard databases demonstrate that the proposed approaches produce state-of-the-art performance 

in all the tasks considered. 

 

Keywords: Image dehazing; Low-light image enhancement; Multi-focus image fusion; Super 

resolution. 
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Boil-off loss is a major concern in the long term storage of cryogenic liquids because they boil-off 

easily due to their low normal boiling point and low heat of vaporization. Several techniques such 

as Zero Boil-off (ZBO), insulated storage tanks, liquid subcooling etc., have been in use for the 

reduction or elimination of liquid boil-off. Injection cooling is used to reduce liquid boil-off. In 

this method, the liquid is kept subcooled (below its boiling point temperature at the tank pressure) 

by injecting a preferably non-condensable and insoluble gas through the liquid. Subcooling occurs 

due to liquid evaporation into the injected gas as well as into the ullage (the vapor space above the 

liquid). 

 

The performance of an injection cooling system is analyzed by considering the twophase 

hydrodynamics, and the interphase heat and mass transfer between (i) the liquid and the gas during 

the bubble rise through the liquid, and (ii) the liquid and ullage. There are only a few theoretical 

and experimental studies on the injection cooling system in the open literature. These studies 

attributed the liquid subcooling solely to the liquid evaporation into the injected gas bubbles, 

without including the effects of two-phase hydrodynamics. A review of the experimental data on 

injection cooling indicated that the liquid evaporation into the ullage, besides that into the injected 

gas, should have a significant effect on the liquid subcooling. Moreover, the effects of the type, 

configuration (diameter and number of holes), and submergence of the sparger, the initial liquid 

level, and vessel size and shape on the performance of an injection cooling system have not been 

addressed in the reported studies. 

 

In view of the above, two types of modeling have been proposed in this thesis for the performance 

evaluation of an injection cooling system. First, a lumped parameter model of injection cooling 

system has been developed considering the combined effects of bubble dynamics, and interphase 

heat and mass transfer between liquid and gas bubbles. The bubble dynamic effects and the gas-

liquid interfacial area for heat and mass transfer have been included by adopting the single bubble 

approach and gas holdup approach. In addition, the heat inleak into the system has been considered 

in these models. 

 

The effects of gas flow rate, gas injection temperature, tank dimensions (tank diameter and liquid 

height), and heat inleak on the cooling performance of an injection cooling system have been 

studied. Next, we developed a modified lumped parameter model by considering the heat and mass 

transfer between liquid and bubbles, liquid and ullage. Also, heat transfer between the liquid below 

and liquid above the sparger, and heat inleak to the liquid as well as to the ullage have been 

considered. This modified model provides a more realistic theoretical visualization of injection 
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cooling and helps in evaluating the effects of surface evaporation on the process performance. The 

effects of gas flow rate, gas injection temperature, heat inleak, ullage height, and sparger type and 

design (diameter and number of sparger holes) on the cooling performance of an injection cooling 

system have been evaluated using this model. 

 

A design strategy of an injection cooling system has been presented, and experimental studies on 

injection cooling have been carried out using a water-air system. The experimental setup has been 

developed as per the design strategy. Experimental runs were made to determine the effects of gas 

flow rate and sparger hole diameter of ring sparger on the water subcooling on injecting air. Thus 

the applicability of an injection cooling system for the subcooling of non-cryogenic liquids has 

been evaluated. The experimental data have been used to validate the developed lumped parameter 

model. From our work, we conclude that gas flow rate and gas injection temperature affect the 

performance of injection cooling significantly. The rate and extent of liquid subcooling increase 

with an increase in the gas flow rate. Maximum cooling is obtained when the gas is injected at the 

same temperature as the initial temperature of the liquid. An increase in gas injection temperature 

reduces the rate and extent of liquid cooling, and eventually results in liquid heating. The 

maximum permissible gas injection temperature that would provide liquid cooling depends on the 

gas flow rate, vessel dimension, and the type of gas-liquid system. The surface evaporation of the 

liquid into the ullage plays a significant role in dictating both the rate and the extent of liquid 

subcooling. The diameter of the sparger hole affects liquid cooling, while the number of sparger 

holes has a negligible effect on the cooling performance. Injection cooling should be applied when 

the liquid temperature approaches the boiling point temperature of the liquid at the tank pressure. 

Under a high degree of subcooling, liquid vapor pressure is low, so that the rate of evaporation and 

hence the cooling rate decrease. This fact has a significant bearing on the practical implementation 

of the injection cooling process, especially for the long term storage of a cryogenic liquid. Firstly, 

injection cooling may be applied intermittently (for example, it may be stopped if the liquid 

temperature is at or below a user-defined threshold (subcooled) liquid temperature), and secondly, 

the gas flow rate and temperature should be adjusted depending on the desired rate and extent of 

cooling to save material and energy cost. 

 

Keywords: Injection cooling, Evaporative cooling, Surface evaporation, Gas-liquid heat and mass 

transfer, Space cryogenics, Cryogenic propellant, Two phase gas-liquid flow, Bubble column, 

Sparger, Lumped parameter model 
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Optimization techniques are applied largely in iron and steel making process to solve complicated 

real world problems. The methods and models are regularly used in this field to determine the 

optimum values in terms of cost, quality, quantity and effectiveness of the process. In the present 

scenario steel industries have been using evolutionary algorithms to solve complicated multi 

objective blast furnace optimization problems. The operational data are gathered from regular plant 

operation and used to generate metamodels. These models are used to solve complicated and 

complex many objective problems by using population based approach. In this work evolutionary 

data driven techniques like evolutionary neural network (EvoNN), bi- objective genetic 

programming (BioGP), evolutionary deep neural network (EvoDN2), constraint based reference 

vector evolutionary algorithm (cRVEA) and few modules of KIMEME commercial software are 

used to generate the training models as well as to perform the optimization work. The parametric 

optimization like bi objective, tri-objective and many objective optimizations were done using 

several decision variables simultaneously in blast furnace iron making process. The crucial 

parameters like production rate, gas flow, tuyere velocity, heat loss, coke rate, silicon content, CO2 

emission, carbon rate, fuel cost, top gas volume, oxygen enrichment, raceway adiabatic flame 

temperature (RAFT) and injection of fuel were emphasized in this research. Time series analysis 

was also added to evolutionary data driven modeling process to bring improvement in model 

generation. Simulator based data generation with data driven modeling was also worked out for 

few parameters in bi objective and tri-objective mode and the optimized results provides some 

useful information in parameter control during the blast furnace operation. The results and the 

comparison between various models are thoroughly examined and a discussion regarding these 

data driven models and their influence in the blast furnace iron making process are presented in a 

scientific manner. 

 

Keywords: Blast Furnace; evolutionary computation; genetic algorithm; genetic programming; 

neural network; reference vector. 
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The aim of this dissertation is to study the electrically -driven droplet wetting and spreading 

dynamics on soft and slippery surfaces. The following three important aspects are studied: (i) 

Electrically  modulated wetting and spreading dynamics  of a nano-suspension on a soft solids ; 

(ii) Electrically-modulated reversible  spreading on a soft biomimetic   surface; (iii) Electrically-

driven   blood spreading and its application in determining the erythrocytes sedimentation rate 

(ESR). 

 

The wetting of solid surfaces can be manoeuvred by altering the energy balance at the interfacial 

region. While the electric field acts favourably to spread a droplet on a rigid surface, this tendency 

may be significantly suppressed over soft surfaces, con sidering a part of the interfacial energy 

being utilized to deform the solid elastically by capillary forces. In this study, a unique mechanism 

has been proposed by virtue of which addition of nano-particles to the droplet brings in a 

favourable recovery o f the electro- spreading characteristics of a soft surface, by realizing an 

alteration in the effective dielectric constant of the interfacial region. The experimental  results 

further demonstrate that this mechanism ceases to be operative beyond a threshold volume fraction 

of the particle suspension, due to inevitable contact line pinning. A theory has also been developed 

to explain the experimental observations. 

 

After investigating the droplet spreading on soft materials,  reversibility of the sessile droplet under 

applied electric  field  has been explored.  Electrically-driven   spreading of droplets is  severely 

challenged by the lack of controllability in completely reversing the droplet motion on withdrawal 

of the applied  voltage  by switching  it  from  ‘ON’  to  ‘OFF’  condition.  Circumventing  these 

compelling constraints, a completely controllable reversibility of electrically -modulated  droplet 

spreading has been demonstrated by infusing a stable oil layer on soft polymeric surface using the 

replica of a biologica lly inspired rose-petal template. A universal scaling law for time dependence 

of the droplet radius has been derived, premised on viscous dissipation over interfacial scales. 

 

After studying the electrospreading behaviour of Newtonian droplet, an attempt has been taken to 

investigate the spreading characteristics of a power law fluid (here, human blood). The rheology 

of blood acts as one of the rate controlling factors for the electrically -driven  blood dynamics on 

a rigid hydrophobic surface, in addition to the strength of the applied electrical potential. A theory 

has been proposed to corroborate the experimentation findings which elucidates the spreading 

behavior of a sessile blood drop. Also, a rapid and highly energy efficient method is proposed for 

simultaneous determination of hematocrit and ESR on a micro fluidic  chip, deploying electrically 

driven spreading of a tiny drop of blood sample. This unique approach estimates these parameters 

by correlating the same with the time taken by the droplet to spread over a given radius, 
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reproducing the results from more elaborate laboratory settings to a satisfactory extent. This novel 

methodology is equally applicable for determining higher ranges of ESR such as high 

concentration of bilirubin, samples correspond ing to patients with anemia and patients with some 

severe inflammation. 

 

The results and conclusions from the present thesis facilitate the research community to understand 

the fundamental principles and mechanisms leading to augmentation in wetting and s preading 

dynamics on the soft solid and the slippery surface under imposed electric field. The presented 

findings are likely to open up the proposition of realizing a completely controllable reversible 

electro -spreading dynamics of droplets as applicable to a plethora of emerging applications 

encompassing biologically - inspired fluidics, electronics and medical science. 

 

Keywords:  Electrowetting, Electric field, Dielectric, Sessile droplet, Soft solid, Colloidal-

suspension, Slippery surface, Blood, RBC, Erythrocytes sedimentation rate (ESR) 
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FUNCTIONALIZATION OF INDOLES AND PYRROLES 

THROUGH VINYLOGOUS IMINE INTERMEDIATE: A DOMINO 

APPROACH TOWARDS INDOLE TERPENOIDS 
 

Samrat Sahu 

Supervisor:  Dr. Modhu Sudan Maji 

Department of Chemistry 

Accession No: NB17315 

 

The  thesis  entitled  as,  “Functionalization  of  Indoles  and  Pyrroles  through Vinylogous 

Imine Intermediate: A Domino Approach towards Indole Terpenoids” has been divided into 

four chapters. 

 

Chapter I portrays a brief outline about the areas which are of relevance in this thesis work, 

such as importance of indoles in drug-discovery, pharmaceutical industry, natural product. It also 

describes current state of the art methodological procedures for the functionalization of indole 

and its application towards natural products. 

 

Chapter II of the thesis describes the C3-alkenylation of indoles and pyrroles using one-pot, 

transition-metal-free, redox  neutral  procedure  under  sequential  Brønsted acid/base  catalysis.  

It employs aldehydes  as  an  alkenylating agent.  The developed strategy has a versatile broad 

substrate scope with exquisite functional group tolerance, scalability, and recycling. 

 

Chapter III describes a stereodivergent total synthesis of several Hapalindole, 

Fischerindole, and Ambiguine alkaloids via Brønsted acid catalyzed one-pot Prins- 

cyclization between indole and aldehyde. The mildness of the protocol enables tolerance of many 

important functionalities for further modification. 

 

Keywords:  Indole,  Indole  terpenoids,  Pyrroles,  Non-proteinogenic  α-

amin acids, Peptide functionalization 
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REMOTE SENSING AND GEOPHYSICAL STUDIES ON 

GEOMORPHIC, HYDROLOGIC AND HERITAGE 

STRUCTURES IN COASTAL ODISHA, INDIA, WITH 

IMPLICATIONS TO NEOTECTONIC ACTIVITY 

 

Subhamoy Jana 

Supervsors: Prof. William Kumar Mohanty and Prof. Saibal Gupta 
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Accession No: NB17316 

 

 

The coastal zone of the state of Odisha in India is famous all over the world for its heritage sites, 

like the medieval age temples at Puri and Konark, and the famous Chilka Lake. Geologically, it is 

a zone of interaction between the delta of the River Mahanadi and the Bay of Bengal. This study 

investigates the linkage between apparently diverse unrelated phenomena in the Odisha coastal 

region, such as (1) heavy siltation in the Chilka Lake, (2) drying of river channels in the Mahanadi 

delta, (3) the collapse of heritage structures and (4) occurrence of saline groundwater above 

freshwater (‘groundwater inversion’), with basement structures and neotectonic activity, using 

integrated geomorphological, satellite imagery and geophysical studies. Magnetic data, together 

with 3D inverse modelling of gravity data in the Chilka region reveals the existence of various sets 

of basement faults. Geomorphic parameters estimated from some river channels in the Mahanadi 

delta indicate that these faults bound uplifted and subsided blocks around the lake, suggesting their 

reactivation during neotectonic activity. The extinction of two mythical rivers, Saradha and 

Chandrabhaga, related to the heritage sites of Puri and Konark in the Odisha coast have been 

investigated using various satellite imagery manipulation techniques. These reveal the presence of 

swamps associated with sinusoidal vegetation trails and V-shaped topographic outlines in the 

vicinity of both these sites. GPR survey confirms the existence of earlier, filled up paleochannels 

at these localities, which are interpreted to represent the remnants of extinct river valleys. Based 

on the reports in ancient temple literature, the paleochannels identified at Puri and Konark may be 

correlated with the Saradha and Chandrabhaga rivers, respectively. The studies conducted at 

Konark and Puri develop a sequential methodology for identifying paleochannels even in 

urbanized localities. One of the most intriguing problems associated with Konark is the collapse 

of the main temple structure, which reportedly happened sometime after its construction in the 

thirteenth century A.D., giving rise to a number of unconfirmed theories. Gravity and magnetic 

anomalies and 3-D inversion modelling of gravity data around the Sun Temple reveal the presence 

of an uplifted and depressed zone in the basement bound by two sets of faults trending NW-SE 

and NE-SW. Satellite imagery reveals truncated older channels and rivers with high sinuosity 

index to the east of the NW-SE fault in the vicinity of the Sun Temple. It is suggested that 

reactivation of this fault led to the disruption of the ancient Chandrabhaga river and initiated 

gradual collapse of the Konark Temple. The northern part of the Mahanadi delta also preserves a 

peculiar phenomenon known as ‘groundwater inversion’, where saline water horizons overlie fresh 

water. The Bouguer gravity anomaly and magnetic anomaly from this region reveal uplift 

depression zones. Geomorphic parameters estimated from channels in this region are consistent 

with reactivation of these faults, which influenced the pattern of sedimentation. Confined 

freshwater aquifers formed in porous sandy layers that are overlain by impervious clay/ silty layers 
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in the depressed basement zones, above which sandy horizons are contaminated with saline water. 

Thus, this study demonstrates that all the four diverse phenomena have geological controls that 

can be related to neotectonic activity in the Odisha coast. This occurs by reactivation of basement 

lineaments, which are either faults formed during the break-up of India from Antarctica in the 

Mesozoic, or older terrane boundaries and intra-terrane shear zones. Reactivation of these 

basement faults may be caused by release of compressional stresses accumulating within the Indian 

shield on account of the Himalayan Orogeny, which results in the formation of uplifts and 

depressions in the basement of this region. 

 

Keywords: Chilka Lake; Confined aquifer; Gravity; Ground Penetrating Radar; Konark Sun 

Temple; Satellite imagery 
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Supervisors: Prof. Rahul Mitra and Prof. Barada Kanta Mishra 
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Accession No: NB17317 

 

 

The processing-structure-property relationships of Ni-W based nanocrystalline alloy and 

nanocomposite coatings have been studied by considering Ni-W/graphene oxide (GO) 

nanocomposites, annealed Ni-W alloys, and Ni-W-Cu ternary alloys. An aqueous sulphate-citrate 

electrolytic bath with a suspension of GO particles has been used for the pulse electrodeposition 

of Ni-W/GO composite coatings, whereas copper sulphate (CuSO4) salt has been used additionally 

for the deposition of Ni-W-Cu ternary alloy coatings. Both GO particle content of the 

nanocomposite coatings and the Cu concentration in the Ni-W-Cu alloys have been found to scale 

with their respective amounts in the electrolytic baths. Co-deposition of Cu is facilitated by its 

greater electropositivity compared to that of Ni or W according to the EMF series. Measurements 

using the grazing incidence X-ray diffraction (GIXRD), as well as transmission electron 

microscopy (TEM) have indicated that the grain size of the alloy matrix in Ni-W/GO 

nanocomposite coatings decreases with the increase in amount of GO in the coating, but increases 

with the rise in Cu concentration of the Ni-W-Cu alloy coating, as well as increase in the duration 

of annealing. However, the matrix micro-strain in the aforementioned coatings has exhibited a 

trend opposite to that of the grain size. Furthermore, GIXRD analysis has shown preferred 

orientation of <111> for the fcc Niss (Ni-rich solid solution) grains in both GO-added 

nanocomposite and Ni-W-Cu alloy coatings, causing reduction of surface energy. The annealed 

Ni-W alloy coatings are found to contain NiW and Ni4W as additional phases besides the Niss. 

Nanoindentation studies have demonstrated that hardness of the Ni-W/GO nanocomposite 

coatings increases linearly with increase in GO content, because of dispersion strengthening and 

grain refinement of the alloy matrix. This observation is confirmed by the Hall-Petch relationship 

being followed. In contrast, coarsening of the grain size with increase in the concentration of Cu 

in Ni-W-Cu alloy -

W/GO nanocomposite coatings and Ni-W-Cu ternary alloys are affected significantly by the 

Young’s modulus values of GO and Cu, respectively. However, both nanoindentation hardness 

and Young’s modulus of the Ni-W alloys reach their peak on annealing for 2 h owing to the 

hardness and Young’s modulus due to excessive grain growth and alloying with Cu by diffusion 

from the substrate, respectively. The increase in wt% of GO in the Ni-W alloy matrix assists in 

improving the scratch resistance and reducing the coefficient of friction by lowering the surface 

roughness, and lubrication by the GO particles. Studies using potentiodynamic polarization 

experiments in 3.5 wt% NaCl solution have depicted a significant increase in the corrosion 

resistance with the incorporation of GO particles as well as ternary alloying addition of Cu in the 

Ni-W alloy. The corrosion tested Ni-W/GO and Ni-W-Cu coatings have shown remarkable 

reduction in pit density of the corroded surfaces, as compared to the Ni-W alloy coating. 



 

 105 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

Furthermore, the outcome of electrochemical impedance measurements for Ni-W-Cu ternary 

alloys is consistent with their potentiodynamic polarization behaviour. X-ray photoelectron 

spectroscopy analysis has confirmed the formation of a protective Cu2O-rich barrier film, which 

is responsible for restricting corrosion of the Ni-W-Cu alloy coating. However, the corrosion 

resistance of the Ni-W alloy coating is found to deteriorate on annealing.  

 

Keywords: Pulse electrodeposition; Ni-W/GO nanocomposite; Ni-W-Cu nanocrystalline alloy; 

annealing; microstructure; nanoindentation hardness; Young’s modulus; scratch resistance; 

corrosion resistance, potentiodynamic polarization; electrochemical impedance spectroscopy. 
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ELEMENT BEARINGS CONSIDERING THE EFFECT OF SURFACE 

ROUGHNESS AND MICROPOLAR FLUID 
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The surface microgeometry of interacting machine component plays a vital role in controlling the 

tribological properties (i.e., friction, wear, and lubrication). The distribution of this roughness is 

generally studied as a Gaussian type when considered in elastohydrodynamic lubrication (EHL) 

analysis. However, the distribution of surface roughness is governed by the surface finish process 

of the machine element, which may be different from the Gaussian. Therefore, in the present work, 

an EHL analysis has been conducted by emphasizing the roughness effect. The digital filter 

technique is utilized to simulate the surfaces roughness based on the assumed roughness 

parameters (i.e., ACF and 𝑅𝑞). The EHL analysis of finite line contact is done by incorporating 

the generated surface roughness profile into the film thickness equation. In contrast, the multigrid 

technique is utilized to solve the modified Reynolds equation for finding the steady-state 

distribution of pressure. The elasticity equation has been simultaneously evaluated by the 

multilevel multiintegration (MLMI) technique. The effect of different rough surfaces, which is 

produced by different machining processes, has been explored on the distribution of pressure and 

the overall film thickness of the EHL contact. It is noticed that the surface roughness is useful for 

supporting more load due to the formation of pressure ripples, but this increase in load capacity is 

obtained at the cost of film thickness reduction. In addition, the work has been extended to study 

the effect of surface roughness under moderately heavy to heavy load conditions. Under these 

operating conditions, it has been found that the interacting surfaces work under the mixed 

lubrication regime instead of the fully flooded elastohydrodynamic lubrication regime. The mixed 

lubrication is nothing but the transition from the elastohydrodynamic lubrication to the boundary 

lubrication and, it has the features of both regimes. Due to the presence of insufficient lubricant 

within the contact zone, there exist hydrodynamic lubrication as well as asperity contact of surface 

roughness. In the mixed lubrication problem, the distribution of asperity contact pressure is 

obtained by using the numerical model presented by Yongqing and Linqing. 

 

Furthermore, the numerical investigation is done for the steady-state performance of elliptical 

contacts lubricated with micropolar fluids. Eringen’s micro-continuum theory is applied to deduce 

the modified Reynolds equation for micropolar fluids. The numerical solution is achieved under 

isothermal conditions and considering the exponential variation of viscosity with pressure. The 

effect of micropolar parameters, i.e., non-dimensional characteristics length, defines the molecular 

size of the blended additives, and the coupling number measures the coupling between the angular 

and linear momentum of molecules, and operating parameters are studied. Owing to the analysis, 

the pronounced effect of the micropolar parameters is observed on the elastohydrodynamic 

lubrication features of elliptical contacts. Lubricants added with solid additives and coupling 

between linear and angular momentum improved the overall film thickness and pressure and 

enhanced the load-carrying capacity. Also, the study is extended to find the coefficients of stiffness 
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and damping of the ball-to-race contact lubricated with micropolar fluids. The first-order 

perturbation technique is utilized to formulate the hydrodynamic pressure governing static and 

dynamic equations. After obtaining the steady-state distribution of pressure, the perturbated 

Reynolds equation is solved in the dynamic condition to obtain the coefficients of stiffness and 

damping of lubricated contact. The effect of the micropolar parameter on the dynamic 

characteristics of the ball bearings is studied under various operating conditions. The outcomes 

showed that the influence of micropolar parameters on coefficients of stiffness and damping is 

significant. 

 

Keywords: Elastohydrodynamic lubrication, Mixed Lubrication, Finite line contact, Elliptical 

Contact, Multilevel multi-integration method, Surface roughness, Kurtosis, Skewness, Standard 

deviation, Micropolar fluid, Stiffness, Damping, Film Thickness. 
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Brønsted  Acid  Catalyzed  One-Pot  Cascade  Benzannulation  of  Indole  for  the Expeditious 

Synthesis of Carbazole: A Journey towards Carbazole Alkaloids 

 

The thesis entitled “Brønsted Acid Catalyzed One-Pot Cascade Benzannulation of Indole for the 

Expeditious Synthesis of Carbazole: A Journey towards Carbazole Alkaloids” describes the 

strategies for the synthesis of diversely functionalized carbazole frameworks with different 

substitution patterns and its applications for the syntheses of various classes of carbazole alkaloids. 

 

 

 

Chapter 1 describes the importance of carbazole backbone and the last one decade literature 

overview on the generation of this important core by employing different modes of benzannulation 

approaches (Scheme 1). 

 

 

 

 

 

 

 

 

 

Chapter 2 demonstrates the benzannulation of 2-alkenyl indoles using aldehydes by sequential 

triple relay catalysis and its applications to construct carbazole alkaloids. A modified route was 

also accomplished by using molecular O2 as sole oxidant. (Scheme 2). 
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Scheme 3: Brønsted acid 

catalyzed one-pot cascade benzannulation reaction. 

Chapter 3 describes a Brønsted acid catalyzed cascade reaction for the conversion of indoles to α-

(3-indolyl) and α-(3-pyrrolyl) ketone by using several α-benzyloxy aldehydes as  coupling  

partners  and  its  applications  to  construct  functionalized  carbazoles  and benzo[a]carbazoles 

by employing a cascade annulation strategy (Scheme 3). 

 

 

 

 

 
 

 

 

 

cheme 4: Total syntheses of fifteen 3-hydroxy-2-methyl carbazole based alkaloids. 
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Chapter 4  describes  a state-of-art one-pot  cascade  benzannulation  technique for the synthesis  

of  valuable  3-hydroxy-2-methyl  carbazoles  and  its  utility  for  the  concise syntheses of 

antiostatins, lipocarbazoles, and related fifteen alkaloids (Scheme 4). 

 

Key Words: (1) Indole (2) Carbazole (3) Benzannulation (4) One-pot cascade reaction (5) 

Brønsted acid catalysis (6) Carbazole alkaloids 
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Alternate wetting and drying (AWD) irrigation practice in rice cultivation can save a significant 

amount of irrigation water. This practice involves irrigating rice fields alternately based on a 

triggering criterion and possibly it affects water flow and nutrient dynamics within the soil-plant-

water system. The challenges in AWD practice include lack of understanding on the effect of 

AWD on water and nutrient balance, crop growth and yield, gross revenue and on an appropriate 

irrigation-triggering mechanism that can save water significantly and control water and nutrient 

losses without reducing the yield. In this study, the soil matric potential head (SMPH)-based 

irrigation, a kind of AWD method, was studied to address the above-mentioned challenges using 

field and simulation studies.  

 

Field studies were carried out using the non-weighing lysimeters facility of Agricultural and Food 

Engineering Department by cultivating a rice crop during the rabi seasons of 2014-15, 2015-16 

and 2016-17. Three levels of SMPH (no soil water stress-conventional irrigation: NS, mild soil 

water stress/400 cm: MS and severe soil water stress/750 cm: SS) were considered along with 

three nitrogen levels (high nitrogen: HN/150 kg N/ha; medium nitrogen: MN/120 kg N/ha; low 

nitrogen: LN/60 kg N/ha) and they were replicated three times. During the experimentation, the 

daily ponding water depth and SMPH at 10, 40 and 70 cm soil depths were measured. The 

agronomical parameters (plant height, number of tillers, biomass and grain yield) and nutrients’ 

(nitrogen, phosphorus and potassium) concentration for ponding water, and the soil water at 10, 

40 and 70 cm soil depths were measured at selected intervals. The field experimental data were 

used to assess water and nutrients dynamics, determine the crop production function and gross 

revenue and simulate water flow and nutrient transport with the help of the Hydrus-1D model. 

Finally, the appropriate irrigation and nutrient management practice was selected based on the 

simulations of Hydrus model and the results of Design of Experts software.  

 

It was found that the grain yield under MS was almost similar to NS, but it was reduced by 9% 

under SS. The net profit was estimated to be doubled for MS practice compared to the current 

farmers’ practice. The Hydrus-1D model was able to simulate water flow and nutrients transport 

for SMPH-based rice irrigation. The MS and SS practices reduced 23 and 27% total available 

water depth, 12 and 18% seasonal crop evapotranspiration and 29 and 34% of deep percolation, 6 

and 15% N uptake, 5 and 15% of P uptake, 7-18% of K uptake, 38 and 52% N leaching, 

respectively compared to NS. Both volatilization and denitrification losses were increased by 14 

and 7% in MS, and 17 and 7% in SS, respectively when compared to NS. The depth of irrigation 

of 4.5 cm with the recommended dose of fertilizer (N: P: K- 120: 50: 60 kg/ha) and SMPH of 400 

cm was considered as an appropriate irrigation and nutrient management practice, which resulted 
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a maximum grain yield of 5 t/ha and net profit of Rs.20595. If this method is practiced, about 230-

310 billion liters (39-45%) of the water supply from Kangsabati reservoir can be saved 

hypothetically and utilized for cultivating additional crops in the command area.  
 

Keywords: Water flow, nutrient transport, alternate wetting and drying, water and nutrient use 

efficiency, Hydrus-1D, paddy, water and nutrient balance, crop production function, gross margin 

revenue. 
 

  



 

 113 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

VOTING BEHAVIOUR AT THE BOTTOM OF PYRAMID: 

A STUDY IN INDIA 

 

Subhojit Sengupta 

Supervisor:  Dr. Srabanti Mukherjee 

Vinod Gupta School of Management 
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There is little empirical research on the voting behaviour among voters in the lowest socio-

economic strata, which is commonly referred to as the bottom of the pyramid (BOP) segment, 

despite their significant share in the world population (approximately 65 percentage) and vast 

potential as future consumers. The huge size of the BOP population plays an important role in 

electing candidates to office; however, little is known about their political behaviour. The purpose 

of this study is to understand the factors driving the BOP community’s voting behaviour and how 

these factors affect the voting behaviour of BOP communities.  

 

This study adopted a mixed-method approach employing qualitative and quantitative methods. 

Study 1 adopted a qualitative phenomenological approach for conducting 32 interviews with BOP 

voters in two areas: Kolkata and Kharagpur, in West Bengal, India. The findings showed that some 

political parties and politicians powerfully operate in BOP areas and dominate BOP people through 

persuasion, benefits and coercion. Hence, BOP people in those areas vote for them. The people at 

the bottom of the economic pyramid (BOP) are a close-knit community with a strong social 

network adhering to the community's social codes, values, and decisions. Being the most 

vulnerable segment in society, BOP communities strongly need social capital and representation 

in society. Social capital and social identity and representation resulting from the sense of 

belongingness with local politicians also drive their voting behaviour.  

 

Study 2 adopts a quantitative approach using Structural Equation Modelling to examine BOP 

consumers' voting behaviour empirically. This study forwards a holistic model explaining how 

social constructionism (need for social capital and representation) leads to voting behaviour at the 

BOP through the facets of social constructivism (perceived persuasion) and situational factors 

(clientelism and coercion). This study also contributes to political marketing literature, particularly 

in the BOP context. It helps in better understanding the influence of social structures surrounding 

BOP communities that affect their voting behaviour. The findings will also be useful to the political 

parties and politicians to target the BOP vote bank effectively. At the same time, it will help the 

government authorities, policymakers, non-governmental organizations, and other stakeholders 

formulate plans, programs and strategies to help BOP people elect candidates to improve their 

socio-economic conditions and welfare. Practically, the findings will assist public policymakers 

interested in formulating programs to help BOP people, particularly those in the context of this 

study in West Bengal, India, and those with similar socio-economic characteristics, elect 

candidates who can improve their socio-economic conditions.  

 

Keywords: Bottom of Pyramid (BOP) voters, Social Capital Theory, Social Identity Theory Voting 

Behavior; Perceived Persuasion; Social Representation Theory; Clientelism; Coercion; 

Structural Equations Modelling 
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There is a burgeoning global concern to transition to an inclusive and sustainable society. 

Countries are envisioning shifting towards sustainable practice by developing clean and 

appropriate technologies without compromising their living standards. Due to its significant 

potential for attaining social, economic, and environmental advantages at the Base of the Pyramid, 

Appropriate Technology is getting a renewed attention among researchers, practitioners, and 

policymakers. The movement of Appropriate Technology was initiated in the 1970s as an alternate 

development strategy to stimulate engineers and planners for creating a sustainable and just society 

through technologies in response to the polarized pattern of modern development. Appropriate 

Technology (AT) was flourishing as a pertinent social movement in many third-world and 

developing countries but lost its popularity during the 1980s. However, during the late 2000s, the 

ideals of appropriate technology were resonated in the various constrained innovation process. 

Therefore, it is relevant to focus on its practices and exploit its opportunities for creating 

development at the Base of the Pyramid. The continuance of limited research attention on 

appropriate technology further reinforces the need for generating new methods and knowledge to 

re-conceptualize its functioning in response to emerging constrained innovation. This research 

intends to explore appropriateness, dynamics, and sustainability in appropriate technology in a 

developing country context. The research adopts a multi-case study to address these concerns and 

furnish relevant insights guided by an empirical framework.  

 

The first stage of discerning an appropriate technology was to examine its appropriateness, which 

signifies the accurate measure and quality of the technology. A field survey was conducted and 

responses were collected through a closed-ended questionnaire from different organizations 

belonging to India and Bhutan for determining appropriateness. The organizations chosen from 

these regions were primarily distinct, constituting academic institutions, civil society, for-profit 

social enterprise, and non-governmental organizations. These organizations are actively involved 

in designing, developing, and disseminating appropriate technologies concerning energy, 

handloom, textile, and agriculture. The empirical data obtained from the questionnaire was 

analyzed through exploratory factor analysis using SPSS20 software. The findings resulted in four 

factors determining appropriateness- entailing appropriate design for sustainability, participatory 

mode of development, facilitating sustainable rural delivery mechanism, escalating indigenous 

knowledge for development. The study further evaluated the relevance of these four factors with 

different technologies developed from the organizations. The results denote that appropriateness 

engenders economic and non-economic advantages for rural communities.  
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The second stage of exploring appropriate technology was concerned with understanding the 

genesis of appropriate technology using the ideals of Institutional Theory. The study examined the 

potential drivers, enablers, barriers, and challenges associated with the development and 

dissemination process. Furthermore, the study looked into the mechanism that facilitates an 

appropriate outcome. Various semi-structured and face-to-face interviews were conducted with 

selected respondents from the organizations in response to this research objective. The qualitative 

data obtained from the interviews were analysed using a thematic approach using NVivo12 

software. The findings obtained from the analysis generated five themes that influence 

development dynamics- establishing a sense of ownership, intensive innovation practices, 

transformative learning, maximizing impact at grassroots, capturing psychological aspects. The 

generated themes stress the primary role organizations must ensure in bringing systematic 

transformations in the practice of appropriate technology.  

 

Sustainability is recognized as an essential attribute of appropriate technology. Sustainability in 

appropriate technology is gauged by the interplay of economic, social, and environmental features. 

However, there is a lack of work that evaluates how appropriate technology steers a sustainable 

performance. Thus, the third stage of this study concerns with developing a novel approach for 

predicting the performance of an organization using AT and identify significant variables that 

account for its sustainable performance. Another survey was conducted with the same set of 

respondents. The quantitative data obtained were analysed using a machine learning algorithm, 

and feature selection techniques that identify significant variables influencing three pillars of 

sustainability. The findings posit that machine learning is a promising tool to help organizations 

select important variables for developing technologies to ensure sustainable performance.  

 

It is significant to enrich the discourse on appropriate technology with pertinent research findings 

that generate possible avenues to improve its current grounding. The research concludes with an 

empirical framework that can be utilized by different organizations, practitioners, policymakers to 

devise, design, and disseminate AT in a developing country. Furthermore, propositions have been 

formulated, and a working definition of AT has been proposed. The contribution of this research 

is threefold. First, it conducts an assessment of appropriateness by furnishing insights from 

developers and end-user’s perspectives of choice of the technology. Second, it advances the 

practice and functioning of AT by identifying different activities that stimulate technology 

development and dissemination at the grassroots. Third, it establishes how AT can be discerned as 

a relevant approach to determine sustainable performance through predictive techniques.  

 

Keywords: Appropriate Technology, Innovation, Base of the Pyramid, Sustainability, Developing 

Country 
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The present research aims to assess the sustainability performance of integrated waste systems 

development in residential university campus (RUC) based on a techno-socio-economic approach, 

taking the Indian Institute of Technology Kharagpur (IIT Kgp) India as the study site. The research 

was performed in five stages, each serving as an objective. First, the assessment of physico-

chemical characteristics of municipal solid waste (MSW) based on source stratification was 

performed. Second, the evaluation of material and energy recovery potential in terms of revenue 

from the recoverable waste components were done. Third, cost-benefit analysis (CBA) of existing 

and proposed integrated waste management (IWM) systems by considering source segregation 

criteria was undertaken. Fourth, an investigation of social well-being to identify the potential-

bottle necks to integrate the informal sector as a feeder source was conducted. Finally, evaluation 

of impacts associated with existing and proposed IWM system (with segregation criteria) from an 

environmental perspective using life cycle assessment (LCA) was done. Based on the physico-

chemical characterization, the estimated average daily solid waste generated in the study site was 

7.53 tons. The physical composition of waste was found to be, food waste 59% (4434 kg/day), 

yard waste 17% (1280 kg/day), plastic 5% (352 kg/day), cardboard 4% (292 kg/day), polythene 

bags 4% (278 kg/day), paper 2.6 (198 kg/day), glass 2.5% (177 kg/day), inert 1.8% (137 kg/day), 

leather 0.85% (64 kg/day), other 0.80% (60 kg/day), metal 0.60% (45 kg/day), and e-waste 0.43% 

(32 kg/day), with an average generation rate 0.32 kg/capita/day. Moisture content of MSW was 

between 7-52%, volatile solids 38-85%, ash content 6- 19%, fixed carbon content 0.69- 5%. The 

ultimate analysis results showed that the carbon range of the components analyzed was 33-47%, 

carbon to nitrogen ratio was 35.3±4.9. The calorific value was 4300- 4730 kcal/kg (on a dry basis). 

Overall, developing an integrated waste treatment plant with anaerobic digestion was suggested 

for the RUC. The second objective estimated that the percentage of recoverable components of the 

total waste generated. It was 27–73% across different zones with a recycling potential of about 

89%. The total net recycled waste of 448.3 tons (annually) was generated by the RUC. Total 

approximate revenue from the sale of dry recycled waste was ₹ 0.43 crore annually and for yard 

waste, a possible profit of ₹ 0.68 crores annually from 685.6 tons of yard waste was estimated. A 

comparative CBA was performed to assess S1 (the existing practices of collection, transportation, 

open dumping/burning) and S2 (the scenario with segregation at source executed by the installation 

of different bins). For S1 total cost was ₹46.98 crore for 5 years. For S2, the total cost was ₹28.85 

crores for 5 years. The cost of S1 is higher given the higher cost of willingness to pay component 

capturing the compensating to be provided to the stakeholders to tolerate the current waste 

management practices that are generating disutility and environmental and aesthetic losses. On the 

benefit side, for S1, i.e., in the existing situation, negligible benefits were reaped. On the other 

hand, for S2, benefits were reaped in the form of economic revenue generation by the sale of waste 
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and through material resource recovery and imputed benefits from aesthetics and cleanliness, 

measured using the willingness to pay/accept the approach, summing up to for 5 years, ₹ 29.63 

crores. Moreover, for S2, different alternative technologies were compared, such as anaerobic 

digestion plant, windrow composting and leaf mould composting. The net present value (NPV) for 

S1 was ₹ -60.72 crores and for S2 ₹ 1.01 crores. The NPV for S2 is greater than S1 and was 

accompanied by environmental and social benefits, and hence it is the feasible option. The 

investigations recommended setting up an IWM system with 50% source segregation that includes 

an anaerobic digestion plant, windrow composting, and material recycling facility to develop a 

self-sustaining waste management unit in the study area. Further, the present study proposed to 

incorporate the informal sector workers (working as waste pickers) by including them in the 

proposed IWM system. This objective was achieved by using the primary survey. The survey 

cumulatively highlighted the vulnerability of these workers and displayed the necessity of bringing 

them to be a part of the formal setup. As included in the third objective, the salary of informal 

sector labour employed contractually for dry waste sorting will be ₹ 9,500 per month, 

accompanying perks for the worker (total up to ₹ 76,500 annually) such as access to RUC’s 

infirmary, free bank account facilities. Finally, environmental impacts were evaluated using 

EASETECH™ software and ReCiPE Midpoint (Heuristic) World environmental impact 

assessment method. "The functional unit is management of as 1 tonne of MSW generated". For 

MSW, waste treatment scenarios include open dumping of MSW (S1), Scenarios with assumed 

source segregation efficiency of 50% in Scenario S2 and 90% in Scenario S3. The existing MSW 

disposal practice in IIT Kgp (baseline scenario, S1) has the highest global warming potential 

(GWP) 1388 kg CO2 equivalent, which can be potentially reduced by 50.9% and 86.5% on 

implementing waste management scenarios S2 and S3 respectively. The collection and 

transportation of MSW contribute to 9.5 kg CO2 eq. and the capital goods contribute to 2.6 kg 

CO2 eq. The development of IWM systems with 50% sorting (S2) contributes to 681.8 kg CO2 

eq. of GWP emissions. The outcomes of this research were used to develop recommendations for 

accelerating the transition towards the development of IWM systems in the RUC, which will be a 

useful tool for other similar campuses, small towns, etc.  

 

Keywords: Physico-chemical characterization, Recycling potential, Cost-Benefit, Life Cycle 

Assessment, Resource recovery. 
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The management of educational institutes are perpetually in the process of innovating policies to 

enhance the quality of educational services. The intellectual growth of the students and the 

popularity of institute are some of the critical areas that management strives to improve upon 

continuously. However, increasing level of stress among students and growing dropout rate are 

the primary concerns to them nowadays. Frequent failures and performance below expectation can 

be the two critical reasons behind these. Importantly, early prediction of student performance and 

timely guidance can help in reducing the number of failures and performance degradation. Proper 

guidance can even motivate a student to perform better than expectation. It can, in turn, bring 

down the stress among students and help in controlling the dropouts. An early prediction before 

course commencement may be advantageous as it can even assist the course selection decision. 

The growing popularity of the application of artificial intelligence techniques in education 

catalyses the researchers to analyse various exciting aspects of learning. Analysing and modelling 

student performance are the two most challenging and popular research topics among them. 

Multiple factors inuence the performance in non-linear ways; thus making these fields more 

attractive to the researchers. The widespread availability of educational datasets further catalyses 

this interestingness nowadays, especially in online learning. However, the insufficiency of quality 

data to interested researchers makes early performance prediction more challenging in classroom-

based education. It is also important to mention here that the performance inuencing factors should 

be identified first before building up an early prediction model. The existing studies primarily 

focus on cumulative grade point average, assessments, their background, behavior etc. The 

assessment scores turn out to be the most influential among them during prediction. However, it 

can not help in case of early prediction as the assessment scores are available only during the 

tenure of the course. The researchers have achieved significant accuracy in predicting student 

performance when internal assessment scores are available, but efficient prediction before course 

commencement still remains an open challenge. Superior teaching acts as a catalyst which 

improves the knowledge dissemination process from teacher to the student. It also motivates the 

student to put more effort into the study. Significantly, the research question, how the performance 

or grade correlates with teaching, is still relevant in present days. This work has initially proposed 

a quantifiable measure to indicate performance improvement concerning the expectation of the 

student. It has then analyzed the association between teaching and performance improvement. 

Besides, previous knowledge on the course topics could also affect student performance. However, 

quantifying the knowledge is a research challenge. This work has proposed a semantic approach 

for quantifying domain knowledge and further analyses its' impact on student performance. The 

result indeed establishes the fact that superior teaching or strong domain knowledge motivate more 

students to not only perform as per their expectation but also better than that. Further analysis of 

course selection pattern support these facts. It shows that the superior students are aware of this, 
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and they choose elective courses accordingly. This work has used the expected teaching quality 

and domain knowledge as two critical predictors to classify the student performance before course 

commencement. A real dataset containing nearly 0.6 million pre-processed records helps in this 

predictive analysis. Importantly, the existing state-of-the-art classify fires turn out to be less 

efficient for this task. This work, therefore, proposes a novel classification approach, named 

random wheel, which not only works efficiently on this dataset, it also works well with other 

benchmarked datasets. This novel approach predicts 80% of the failures before course 

commencement. It also predicts 2 out of 3 improvements correctly. Besides, the random wheel 

provides an additional confidence measure to indicate the predictive strength. It, in turn, increases 

the acceptability of the prediction. 
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Society’s reliance on the Internet has seen explosive growth over the past two decades. This 

reliance has become more evident in the last few years with the rise in affordable mobile Internet, 

and more recently due to COVID-19, which has caused various activities to be performed over the 

Internet on a mass scale. This brings forth some interesting questions; how prepared we are to 

support such mass-scale online activities and how well our current infrastructure is suited. Data 

centers handle the computational power required by such actions. Data centers have been 

developed and used over the past 50 years; however, the workload they handle has evolved. 

Consequently, enterprises have been looking at alternative architectures, which can support such 

changing workloads. One such alternative is hyperconverged architecture that is considered to be 

the next-generation architecture for modern data centers. An interesting difference between 

traditional data center architectures and hyperconverged architecture is how it handles storage and 

interacts with the existing network traffic since a common channel is shared between them. This 

thesis tries to shed some light on the nature of the interaction of the storage and the network traffic 

over hyperconverged data centers, the possible issues that can occur when different types of 

workloads intermingle, and the methodology to solve them. The first contribution of the thesis 

explores how different types of workloads interact in a hyperconverged data center and how the 

fundamental operations, such as VM migrations, are affected by different workloads. We 

objectively show that disk-intensive operations are the most disruptive workloads, particularly 

with traditional network workloads, affecting other ongoing operations. We also demonstrate that 

this interference is inevitable when workloads utilize a shared communication channel, which is 

the case for hyperconverged data centers. Once we understand the impacts of interference among 

different workloads, we shift our focus to disk and network workloads. We argue that a solution 

for interfering workloads on the network layer should be handled at the network layer. This, 

however, is not a trivial problem since data centers are geo-distributed in nature, and it is hard to 

apply policies in a centralized manner. We, therefore, develop a solution, called Hierarchical Two-

Dimensional Queuing (H2DQ), which relies on Software Defined Networking (SDN) that allows 

us to get a centralized view of the network. H2DQ enables us to create network policies 

dynamically for different types of traffic generated by the various workloads and provide them 

with resources in a fair manner. However, system administrators of hyperconverged data centers 

prefer to have maximum control over their servers, including outgoing/incoming link throughput. 

A network-based solution might not always allow the management to reside with the system 

administrators. It is also possible to gather feedback regarding workload interference from the 

hypervisor instead of monitoring the network. With this premise, we develop NetStor as the third 

contribution of the thesis, which tries to allocate resources for different workloads in a data center 

dynamically and, if required, migrates the workload to different locations. The approach shows a 

lot of promise compared to approaches in the existing literature. Nevertheless, the design of 
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NetStor is based on a virtualization standard – the virtual machine (VM). However, the industry 

has diversified and included more lightweight forms of virtualizations, such as containers. In the 

final contribution of the thesis, we develop a methodology called CONtrol, which is specifically 

geared towards data centers using containers. CONtrol gathers quality of service (QoS) metrics 

directly from the individual containers. It adjusts resources among other containers across multiple 

servers using a Proportional Integral Derivative (PID) controller to maintain ideal QoS. CONtrol’s 

lightweight design is suited to handle a large number of containers in hyperconverged systems. In 

this thesis we show how running mixed workloads in hyperconverged systems can cause major 

issues if it is allowed to run unchecked. However, by using our proposed resource management 

models such as NetStor and CONtrol, we can reduce application QoS drops by 5%�88%. We 

expect this thesis to discuss the importance of intelligently managing data centers and open 

avenues for new research in this domain. 

 

Keywords: software defined, virtualization, data center, hyperconverged, container 
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Polymer hydrogels show great potential for a wide range of applications, but the conventional 

hydrogels' poor mechanical properties severely limit their scope. In this regard, incorporating the 

energy dissipation mechanism into the hydrogel is considered an effective method to improve 

mechanical properties. However, coupling high strength and toughness with efficient recovery 

properties remains a major challenge. In this work, several hydrogels were synthesized from a 

facile one-step procedure. The physical polyacrylamide-chitosan (PAM-CS) hybrid gel shows 

huge improvements compared to the parent physical PAM gel. The improvements were based on 

the presence of PAM-CS inter chain H-bonding, which acted as a sacrificial bond and dissipated 

a large portion of applied energy. One of the major problems with hydrogels having sacrificial 

bonds is they suffer from poor recovery due to the slow reformation of the sacrificial bond. A dual 

cross-linked, poly(acrylamide-co-vinylimidazole)-M2+ (M: Ni, Zn) hydrogel was synthesized, 

where the strong chemical cross-linking holds the structure and highly dynamic imidazole-metal 

ion cross-links act as a sacrificial bond and dissipates energy. Due to the fast kinetics of imidazole-

metal ion cross-links, after breaking, it rejoins quickly, leading to fast and efficient self-recovery 

within mins (96% dissipative energy recover at 200% strain in 1 min). Deviating from tedious 

traditional techniques to tailor the mechanical properties, the kinetics of the metal-ligand 

interaction was utilized for easier control of mechanical properties. Simply by controlling the 

kinetics, a wide range of mechanical properties having both soft (~ 1 MPa) as well as stiff (~ 39 

MPa) hydrogels based on poly(methacrylamide-co-vinyl imidazole) were created. The ionic 

conductivity of the hydrogels was explored to prepare a highly sensitive resistive (gauge factor 

~11 at 100% strain) and capacitive sensor electrolyte for a compressible supercapacitor. Another 

major problem with hydrogels is that the water inside the hydrogel freezes at subzero temperatures, 

resulting in loss of functional properties. Consequently, a proton donor-acceptor, poly(acrylamide-

co-acrylic acid-co-vinylimidazole) hydrogel was developed. Due to strong H-bonding interactions 

with water molecules, the freezing tolerance of hydrogel improved, and mechanical properties 

were preserved at low temperatures. The hydrogel also shows good adhesiveness and conductivity. 

The hydrogels were used to prepare tactile sensors and employed as human motion sensors. 

 

Keyword: Tough hydrogel, Mechanical properties, Self-healing, Tactile sensor, Compressible 

electrolyte, Self-recovery 
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Supercapacitors are a class of energy storage devices which rely on surface reactions in an 

electrochemical environment to store charges. These surface reactions involve forming a double 

layer of immovable electrostatic charges that is separated from the electrode by a few Å. Else it 

can also involve redox reactions at the electrode surface which is usually initiated by ions from the 

electrolyte. Supercapacitors takes small amount of time for their charging and discharging process, 

demonstrates high cyclic lifetime and has a high rate capacity. Supercapacitors can achieve a high 

power density which is ideally suited for applications where short burst of power is required. High 

electrode surface area can boost the capacitance, while use of neutral aqueous based, organic based 

and  ionic  liquid  based  electrolytes  have  shown  to  enhance  the  voltage  capability  of  the 

supercapacitor which can drive up its energy density. 

 

Hydrogen Evolution Reaction (HER) and Oxygen Evolution Reaction (OER) are constituent 

reaction of electrochemical splitting of water (H2O) molecule in the presence of a catalyst. These 

reactions form part of a promising water based energy cycle which can happen in an acidic or an 

alkaline environment. The role of electrocatalyst is vital in determining the potential and kinetics 

of these reactions. Electrocatalysts having metal ions high redox activity, high surface area and 

suitable binding energies of reaction intermediaries, and low toxicity are highly sought after for 

these aforementioned reactions. 

 

Magnesium based metal oxides having one or more redox ions, with vacant/partially filled d- 

orbitals are  suited  for  electrochemical  applications.  They present  a  viable  choice  for  both 

supercapacitor as well electrocatalyst role and have been reported in scientific literature in such 

roles. 

 

The present investigation is focused on synthesis of MgAO2 (where A = Ni, Co) and MgFe2O4 

electrode by different techniques. These electrode samples are suitable characterized to determine 

their material properties such as phase, microstructure, vibrational modes, electronic states and 

chemical bonds present in them. Thereafter these electrode materials are subjected to a series of 

electrochemical  tests  to  assess  their  voltage  window,  charge  storage  process,  the  specific 

capacitance, the relaxation time, the energy density, the capacitance retention (for 1000 cycles), 

the HER and OER onset voltage, overpotential, fitted Tafel slopes, ECSA and catalytic stability. 

These tests help us to assess the performance of the electrode materials towards supercapacitor 

electrode using neutral aqueous electrolyte systems and alkaline electrocatalyst role. Firstly, 

MgNiO2 electrode is prepared by sol-gel method and named as MNO-3. The sample had spherical 

particle with 40-50 nm diameter. Supercapacitor performance of MNO-3 electrode in Li- ion based 

(1 M Li2SO4) electrolyte revealed a specific capacitance of 30 F/g (put through 0.5 A/g  
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current density), energy density of 20 Wh/kg and 88.12% capacitance retention (exposed to 1.5 

A/g current density). In Na-ion based (0.5 M Na2SO4) electrolyte, MNO-3 electrode demonstrated 

a specific capacitance of 34 F/g (put through 0.5 A/g current density), energy density of 23 Wh/kg 

and capacitance retention of 87.38% (exposed to 2 A/g current density). Using Mg-ion (1 M 

Mg(ClO4)2) electrolyte, MNO-3 electrode displayed a specific capacitance of 26 F/g (put through 

0.5 A/g current density), energy density of almost 17 Wh/kg and 87.43% capacitance retention 

(exposed to 2 A/g current density). 

 

Next, MgNiO2 sample was prepared by molten-salt method. The sample was named MNO-1 and 

it was found to be composed of octahedron shaped particles with a 550 nm diameter on average. 

In Na-ion electrolyte (0.5 M Na2SO4), the sample exhibited a specific capacitance of 76 F/g (put 

through current density of 0.75 A/g), capacitance retention of 88.3% (exposed to 1.5 A/g current 

density) and energy density of almost 51 Wh/kg. MNO-1 sample using alkaline (1 M KOH) 

electrolyte demonsrated -0.636 V (vs. R.H.E) HER onset voltage, 636 mV overpotential, and 

222.05 mV/dec Tafel slope. It also exhibited 56.75 cm2 ECSA and a very steady current response 

for 5 h duration with a minor reduction of 6 mV overpotential. 

 

Then MgCoO2  sample was prepared via sol-gel method and called MCO-3. The sample had 

particles with an irregular cuboidal shape whose diameter is 260 nm on average. MCO-3 sample 

displayed a specific capacitance of 56 F/g (put through 0.5 A/g applied current density), energy 

density of 38 Wh/kg, 92.53% capacitance retention (exposed to 5 A/g applied current density) 

using Li-ion electrolyte (1 M Li2SO4). In Na-ion electrolyte (1 M NaClO4), the sample displayed 

a specific capacitance of 47 F/g (under 0.5 A/g applied current density), energy density of almost 

31 Wh/kg, capacitance retention of 91.41% (under 3.5 A/g current density). For HER application 

in  KOH electrolyte, MCO-3 realized  a  HER onset  at  -0.4 V (vs. R.H.E)  and  achieved an 

overpotential of 400 mV, in addition to a fitted Tafel slope of 174 mV/dec. The sample further 

showed an ECSA of 46 cm2 and a high degree of stability in current response for 5 h cycling with 

a minor drop in overpotential by 20 mV. 

 

Lastly MgFe2O4 sample was fabricated using sol-gel method. The sample was named MFO-1 and 

it constituted of spherical nanoparticles with almost 47 nm diameter on average. MFO-1 sample 

achieved a specific capacitance of 61 F/g (exposed to 0.5 A/g applied current density), capacitance 

retention of 82.91% (put through 2.25 A/g current density) and energy density of 41 Wh/kg in 

conjunction with Na-ion electrolyte (1 M NaClO4). In Mg-ion electrolyte (1 M Mg(ClO4)2), the 

sample achieved a specific capacitance of 43 F/g (put through a current density of 0.75 A/g), 

82.15% capacitance retention (exposed to 1.5 A/g applied current density) and 29 Wh/kg energy 

density. In KOH electrolyte, the sample showed an OER onset at 2.32 V (vs. R.H.E), 1.09 V 

overpotential, and 317 mV/dec calculated Tafel slope. The sample obtained 10.225 cm2 ECSA 

and a steady OER response for 5 h duration with a minor reduction of overpotential by 22 mV. 

HER experiments on MFO-1 revealed HER onset at -0.402 V (vs. R.H.E), a calculated 

overpotential of 

402 mV, fitted Tafel slope of 241 mV/dec, and stable amperometric response for 5 h duration with 

slight drop of 19 mV overpotential. 

 

The electrode materials which have been investigated as part of this present study, showed a 

versatile  electrochemical  behavior.  Supercapacitor  electrode  with  high  voltage  window  and 
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enhanced energy storage ability were demonstrated. Alkaline HER measurements on the samples 

exhibited high stability, low overpotential and high catalytic stability. Alkaline OER experiment 

on MFO-1 revealed a high overpotential which can be attributed to high binding energy of 

hydroxide intermediaries with the catalytic surface and low surface coverage. We found good OER 

stability response indicating the robust nature of MFO-1 in electrocatalyst role. The electrode 

materials used in our study can be synthesized very cheaply and are non-toxic in nature, which 

increases its potential in green energy stororage role. 

 

Keywords:  supercapacitors, energy  density,  voltage  window,  electrocatalyst,  overpotential, 

catalytic stability 
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A sustainable, long run, multipurpose energy storage device with lucrative properties of energy 

and power output is highly desirable in portable electronic application. From the growing anxiety 

of depletion of fossil fuel, the simultaneous concern of inauguration of energy harvesting and 

energy storage devices from renewable energy sources, are persuited thereby. Supercapacitor 

shares few benefits like fast charging ability, high power output, long cycle life, flexibility and 

wide temperature applicability which are desirable in modern portable electrical industry, but they 

reveal deficient energy density, lower voltage window. Our present work focuses on 

accomplishment of higher energy density and voltage window along with cycle life and power 

supply. Our study on MnCo2O4.5 though suffered from low specific capacitance and small range 

voltage window. However, the cumulative faradaic output from MnCo2O4.5-NiCo2O4 hybrid 

material established the efficacy of synergy, nanoarchitecture and surface property of materials in 

preparing the supercapacitor electrode material and thus compensates the drawbacks. The work on 

iron oxide doped reduced graphene oxide (Fe-rGO) delivered impressive capacitive output along 

with pseudocapacitive traces. Cupper-nickel-cerium-cobalt (Cu-Ni-Ce-Co) oxide was exploited as 

superior mixed metal oxide when tuning the composition from mono metallic to quaternary oxide 

and prompted to show a superior specific capacitance with commendable performance in terms of 

high energy and power density. Moreover, our work on zinc vanadium oxide battery material 

opens up its credibility as supercapacitor electrode material. With conducting polymer, it extended 

the operating voltage window and exposed a good power density. Again, the introduction of cobalt 

tin hydroxide @ nickel hydroxide (CTH@NH) core-shell assembly was found to improve energy 

density abruptly while maintaining good power density and cycle life. The double walled 

morphology of CTH is a unique feature which improves the wettability of electrode material. 

Lastly, the work based on metal organic framework (MOF) derived metal oxides are well known 

for their methodical approach of synthesis process. They are having remarkable porosity which 

leads to greater surface area and ordered morphology along with good thermal and chemical 

stability. The benefits of fine tuning of the size and structure of the MOF enhances their 

electrochemical capability and hence 2-methyl imidazole derived cobalt nickel oxides exhibited 

superior energy density with enduring cycle stability. The aforementioned electrode materials are 

very much pertinent in constructing flexible and lightweight asymmetric supercapacitor cells 

(ASC). These nanostructured, high-performance materials-based ASC devices validate their 

suitability in practical application and hence hopefully can bridge the void gap between batteries 

and conventional capacitors.  

 

Keywords: Supercapacitor, voltage window, energy density, power density, cycle stability. 
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This thesis is devoted to the study of preservation of spectral properties of structured matrices, 

matrix pencils and quadratic matrix polynomials under structured perturbations. The structured 

matrices that we consider in the thesis form Lie algebra and Jordan algebra corresponding to an 

othosymmetric scalar product defined on the finite dimensional Euclidean space, whereas the 

matrix pencils and polynomials have symmetry structure. This study is motivated by the well-

known finite element Model Updating Problem (MUP) in structural dynamics. Indeed, the MUP 

with no spillover associated with a quadratic model is concerned with finding structure-preserving 

perturbations of the associated structured quadratic matrix polynomial that change a given set of 

eigenvalues by a desired set of scalars and preserve the remaining set of eigenpairs (need not be 

known) of the given unperturbed polynomial. We determine structure-preserving perturbations of 

a given structured matrix such that the perturbed matrices preserve a pair of desired invariant 

subspaces. Consequently, we obtain structure-preserving perturbations of a given structured matrix 

that reproduce a desired set of eigenvalues keeping invariance of the remaining set of eigenvalues 

and the Jordan chains of the unperturbed matrix. Next, we determine structure-preserving no 

spillover perturbations for structured matrix pencils and quadratic matrix polynomials such that a 

desired complementary pair of deflating pairs and invariant pairs respectively, are preserved. 

These results are utilized to obtain solutions for MUP with no spillover for quadratic models that 

arise in real world applications. Finally, similar results are also obtained for structured matrix 

pencils that arise in real world network systems, and for certain tridiagonal matrix pencils. All the 

results in the thesis are supported with numerical examples.  

Keywords: Invariant subspace, deflating pair, invariant pair, structured matrix pencil, structured 

quadratic matrix polynomial, model updating problem, Jordan algebra, Lie algebra, weighted 

Laplacian matrix, no spillover, tridiagonal matrix.  
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Earthquakes are the most destructive hazards due to their sudden onset nature and the colossal 

magnitude of the loss of life they bring in. Their occurrence in urban areas triggers a chain of 

failures depending upon the spatial configuration of the place surrounding the impact. Hence, 

understanding the vulnerability in the context of the spatial organization of an urban area and the 

people residing in it is crucial to comprehend the comprehensive outcome of an earthquake. The 

spatial organization or the Built Environment (BE) is a direct outcome of the adopted planning 

practices, and hence urban planning becomes a valuable instrument in managing disaster risk. 

However, the urban planning theories have not been sufficiently explored in relevance to disaster 

research. Although the elements of the BE (buildings, roads, infrastructure, etc.) are individually 

extensive research domains, the literature stops short of comprehensively analyzing vulnerability 

arising out of systemic dependencies between them. To this end, this study seeks to propose a 

simple approach to identify a vulnerable neighborhood within the city by addressing the 

contextuality of the BE and the population inhabiting it. At the mid-scale level of intervention, a 

systemic framework that considers the interaction between five elements: buildings, accessibility, 

layout, density, and land use, is proposed to evaluate the Built Environment Vulnerability (BEV). 

Similarly, 13 indicators developed based on census variables are used to assess the residing 

population's Social Vulnerability (SV).  The proposed methodological framework was 

implemented in nine wards of Siliguri Municipal Corporation, India, a city in a 'high damage risk' 

seismic zone. The Rapid Visual Screening procedure combined with collapse analysis and road 

closure analysis highlights that the vulnerability of individual elements is not a standalone problem 

but has cascading effects on the other elements. A visual depiction of vulnerability arising out of 

an interaction between the built environment elements in the form of isolated streets is presented. 

Further, the study finds BEV and SV to have a significant association between them, and one 

seemed to indicate the other. Hence, a qualitative Total Seismic Vulnerability Index is proposed 

to understand the association between the two dimensions and compare two wards on equal 

footings. 

 

Keywords: Earthquake; Built Environment Vulnerability; Social Vulnerability; Rapid Visual 

Screening; Road Closures 
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Dense bituminous macadam (DBM) and bituminous concrete (BC) are commonly used bituminous 

layers in base and surface courses respectively in Indian Highways. Heavy commercial vehicles 

coupled with high pavement temperatures induce higher stresses in BC and DBM layers resulting 

in premature pavement distresses such as rutting or cracking. Efforts are being made in India to 

improve the performance of bituminous mixes through the use of different binders with higher 

stiffness/hard and more elastic for the construction of highways. Bituminous mixes with improved 

characteristics for the base course layer will help in addressing structural failures and also helps to 

achieve sustainability. Therefore, it is necessary to develop a binder that is stiffer and elastic in 

nature with improved performance that can be used to mitigate heavy axle loads and higher 

temperatures. Since the last decade, several pavement research groups around the world are 

adopting “Enrobe' `a Module E'leve'”, which are also referred to as “High Modulus Asphalt 

(HiMA)” mixes. The exceptional features of EME2 mixes are that they offer high resistance to 

fatigue cracking and rutting failures in addition to reducing thickness requirements of bituminous 

layer for given design life. However, HiMA mixes require hard binders with penetration of 10/15 

or 15/25. In India, binders stiffer than viscosity grade, VG40, are not commercially available and 

the use of composite modification (more than single modifier/additive) to produce hard binder has 

been not explored as these would result in a binder with all with superior resistance against 

distresses such as fatigue, rut resistance and higher stiffness. Keeping the above in view, the broad 

objective of the present study is identified as the development of High Modulus Asphalt (HiMA) 

mixes using hard binder suitable for hot climatic regions as well as heavy traffic conditions for 

Indian highways. To achieve the objective, binders using various additives/modifiers were 

prepared and evaluated with a specific focus on the rheological, chemical, and physicochemical 

characteristics for identifying superior performing hard binders. Based on the performance of 

binders, the best-performing binder was selected, used for the preparation of mixes, and evaluated 

with a target of producing HiMA mixes. A total number of fourteen modified binders were 

prepared in the laboratory by blending using three modifiers such as Gilsonite, Ethylene Vinyl 

Acetate (EVA) and a composite blend of Gilsonite and Styrene Butadiene Styrene (SBS) at 

different dosages to the base binder, VG 40. In addition, three unmodified binders (VG40, hard 

pitch binder-HB obtained from propane deasphaltene (PDA) refinery process and laboratory oven 

aged binder-OB) were also included in the present study. Physical properties such as penetration, 

softening point, kinematic and dynamic viscosities of different unmodified and modified binders 

were carried out through basic conventional tests. Further rheological properties of binders in 

terms of permanent deformation and cracking were evaluated. Parameters such as complex 

modulus (G*), phase angle (δ), G*/sin(δ), rut resistance index, nonrecoverable creep compliance 

(Jnr), percent recovery (%R) from Multiple Stress Creep and Recovery (MSCR) test, stress 

sensitivity analysis for permanent deformation characteristics, and linear amplitude sweep (LAS) 
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test for fatigue characteristics etc were evaluated on all binders. Chemical alterations of binders 

(HB, OB, and modified binders) in their functional groups were studied using Fourier Transform 

Infrared (FTIR) spectroscopy. Thermal oxidation characteristics of modified binders were also 

discussed. Physicochemical characteristics - surface free energy (SFE) of binders was calculated 

through the contact angles using the Goniometer. The relationship between the rheological, 

chemical and physicochemical characteristics was established for all the binders. Based on the 

rheological and physicochemical characteristics of all modified binders, a superior performing 

binder suitable for producing HiMA mixes was selected. Composite modified binder - G4S3 

(Gilsonite: 4% and SBS modifier: 3% blended in VG40 binder) was selected for further mix 

studies. In order to develop HiMA mixes with improved performance, bituminous mixes were 

prepared with two aggregate gradations (DBM gradation-II and EME2 gradation) and three 

binders (VG40 binder, hard pitch binder-HB), and composite modified binder - G4S3). Mechanical 

as well as durability characteristics of HiMA mixes were evaluated for all the mixes. HB binder 

was collected from the Propane deasphaltene (PDA) refinery process and considered for preparing 

HiMA mix as binder satisfies the requirements of hard binder adopted by other countries. 

Bituminous mixes were evaluated for indirect tensile strength (ITS), resilient modulus (Mr) and 

time lag values. A Mr of range between 4000 to 7200 MPa was achieved for mixes prepared with 

HB and G4S3 binders measured at temperatures at 35 °C and a frequency of 1 Hz whereas the 

target Mr of HiMA mix was 4000 MPa. Dynamic creep test was performed on mixes and results 

showed that mixes prepared with stiffer binders (HB and G4S3) were superior in rut resistance 

compared to other mixes. Moisture resistance of mixes was evaluated through the Tensile Strength 

Ratio (TSR) parameter and abrasion loss was measured for the mixes. Significant resistance was 

found for mixes prepared with stiffer binders. Further, the fatigue resistance of the mixes was 

assessed by performing Indirect Tensile Fatigue test (ITFT) at 25 ℃. Composite modification of 

binder resulted in improved fatigue characteristics of mixes despite being stiffer mixes. Pavement 

analysis with HiMA mixes showed that mixes prepared with composite modifier binder (G4S3) 

produced lower strains and longer fatigue lives leading to a 25% to 42% thickness reduction. 

Bituminous mixes prepared with HB binder was considered as target mix and conclusions were 

drawn based on the test results. From the limited laboratory study, comprehensive laboratory based 

HiMA tentative specifications for Indian highways was proposed. Bituminous mixes which 

satisfied proposed target requirements were recommended as HiMA mixes and further for field 

application. 

 

Keywords: High Modulus Asphalt (HiMA) mixes, Modifiers, Fourier Transform Infrared 

Spectroscopy, Surface Free Energy, Resilient modulus, Dynamic creep test, ITFT test, Moisture 

damage, Abrasion loss, Thickness reduction 
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WHOLE slide imaging (WSI) helps pathologists to visually investigate different tissue structures 

and intra or inter-cellular features, which serve as cues to primarily differentiating between the 

pathological states of tissues and their subtypes. Manual quantification of abnormalities in the 

tissue sections by direct visual investigation suffers from inter or intra-observer variabilities, 

greatly depending on the experience and workload of the pathologists. These challenges have 

motivated researchers to automate inspection techniques for reliable and systematic analysis of the 

slides. This thesis proposes supervised and semi-supervised deep learning approaches to 

automatically analyze histopathology WSI for diagnosing and grading cancers. The first approach 

employs a deep convolutional neural network (CNN) to analyze a WSI using only a random 

number of image patches at multiple magnifications. The class posteriori estimate of each patch at 

a particular magnification is obtained from a magnificationspecific CNN, and subsequently, 

posteriori estimates across multi-magnifications are filtered through voting algorithms to provide 

a WSI level diagnosis. Experimental evaluation was performed with 58 malignant and 24 benign 

cases to obtain an average accuracy of 94.67%. The second contribution proposes a multiple 

instance learning (MIL) enabled CNN framework. A new pooling layer is introduced to aggregate 

most informative features from patches constituting a WSI. This enables joint learning to discover 

informative features locally at the patch level and learn the classification margin globally at the 

WSI level. The performance has been experimentally evaluated using patient-level 5-folded cross-

validation with 58 malignant and 24 benign cases to obtain the best performance of 89.52%, 

89.06%, 88.84%, 87.67% accuracy at 40_, 100_, 200_ and 400_ magnifications respectively while 

processing each slide in under 40 ms on an 11.8 GFlops GPU. The third contribution is the semi-

supervised version of the previous architecture, which performs the WSI classification without 

explicitly annotating each local image patch in the training data. Learning can be carried out at 

WSI level labels only. This has substantially reduced the effective workload of pathologists from 

labeling individual image patches. Performance of this method was evaluated using the BreakHis, 

IUPHL, and UCSB weakly labeled WSI datasets to obtain 93.06%, 96.63%, 95.83% classification 

accuracy, respectively.  

 

Keywords: Convolution neural networks, histopathology image analysis, multiple instance 

learning, supervised deep learning, semi-supervised deep learning. 
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Malaria is a life-threatening blood disease transmitted by the bite of the female mosquito 

(Anopheles), infected by the Plasmodium parasite. The microscopic ex- amination of peripheral 

blood smears helps in malaria diagnosis. However, the manual assessment is tedious, time-

consuming, and subjective error-prone. As an alternative, the edge computing on Internet-of-

Things (IoT) is considered as an effective technology due to its promising advantages in e-

healthcare like independent decision making, network bandwidth minimization and service latency 

reduction. Therefore, an integrated edge-based automated malaria diagnosis is the need of time. 

This thesis presents multimodal data analysis algorithms with microcontroller-based solutions for 

malaria screening from human blood samples. The proposed integrated malaria screening 

approach is divided into three core modules viz., data acquisition, data storage, and data 

processing. A Raspberry Pi controlled optical microscope is designed for smear image acquisition 

from thin blood slides. Alternatively, an Arduino controlled light spectrometer device is developed 

to capture the electromagnetic spectrum from blood serum. Afterwards, a credit-card shaped 

portable health-card with reader device is made for malaria data storage. Finally, supervised 

computational algorithms are trained and optimized for execution on small-scale edge devices. 

The classical (cell segmentation and feature extraction-cum-classification), semi-classical (pixel 

classification and convolution neural network (CNN)) and pure CNN-based algorithms are 

adopted for identification of parasite-infected cells. The models achieve accuracy or correct 

classification rate of 97.17%, 98.53%, and 95.85% respectively with above 90% sensitivity and 

specificity in Raspberry Pi. Also, the Arduino-based model obtains 90.4% accuracy. The 

spectrum-based classifier model performs with an accuracy of 98.5%. This work extensively 

addresses the challenges in malaria screening with edge devices and proposes point-of-care 

solutions for malaria diagnosis. 

 

Keywords: Internet-of-Things, Edge computing, e-healthcare, Malaria, Multimodal data analysis, 

Machine learning, Deep learning, Image processing. 
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India has multiple embedded forms of folk traditions accompanied by an essentially rich history 

that is constituted by a cultural–ecological heritage. West Bengal, one of the eastern states of India, 

is inhabited by numerous ecosystem-dependent communities. Nature, culture, and livelihoods 

remain deeply entangled in the indigenous practices across historical times. The Millennium 

Ecosystem Assessment (MA) 2005 provides due acreage to ecosystem services, facilitating 

wellbeing of communities. While provisioning services entail generation of livelihoods, cultural 

services in MA is explained as non- material benefits obtained by communities from nature; these 

mainly include recreational and aesthetic components. Scholarship on cultural ecosystem is scanty 

compared to literature interlinking provisioning services and community wellbeing. This 

ethnographic exploration on the Chhau dancing community of Purulia, West Bengal demonstrates 

how nature, culture and livelihoods are intricately intertwined with each other, blurring concrete 

boundaries that separate material from non-material benefits and tangible from intangible heritage. 

After an overview chapter on the folk dancing communities of West Bengal, the study has carved 

out ground realities that determine nature-culture interactions and their dynamic relationship. 

Using Charida as the case study – the renowned Chhau mask village (mukhosh gram in the Bengali 

dialect) of Purulia, this research explores the use of local ecologies in mask production and probes 

into the involvement of actors and networks that shape the Chhau dance form. I have used 

qualitative research methodology and complemented the findings with historical insights – 

covering a wide range of methods from focus group discussions, key informant interviews, 

participatory rural appraisal, and participatory appraisal of natural resources, transect walk and 

oral history. I have also collected basic socio-economic and demographic data and questions 

relating to this research from 308 mask makers using structured interviews. This detailed 

ethnographic exploration on the Chhaus brings to the fore nonlinearities influencing nature-

culture-livelihood interface and lays out the larger rationale behind the significance of place-based 

narratives to inform overarching theories and frameworks on ecological sustainability.  

 

Keywords: ecosystem services; Chhau dance; mask; ecology; Purulia, West Bengal 
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The latest advancements in Internet of Things (IoT) and wearable technologies have revolutionized 

the healthcare sector and created a new paradigm known as the healthcare IoT (HIoT), which 

promises personalized medical assistance and reliable patient monitoring, anywhere and anytime. 

HIoT, which is an IoT-based healthcare system, is expected to interconnect medical and non-

medical devices with computing facilities comprising cloud, fog, and edge servers. These systems 

are interfaced by healthcare service providers, patients, and medical personnels. One of the 

challenges of developing IoT-based healthcare systems is to integrate diverse components and 

stakeholders into single compact system and offer secure, efficient, and reliable healthcare 

services. This dissertation presents the details of the studies conducted and the results obtained to 

improve the abovementioned challenges. An essential component of IoT-based healthcare systems 

is the wireless body area network (WBAN). A WBAN is a short-range communication network, 

which consists of a hub and multiple physiological sensor nodes deployed on the surface of a 

human body or implanted within tissues or muscles. Based on the positioning of these sensor 

nodes, WBANs are classified into two categories — (a) in-body/implant sensor-based, and (b) on-

body sensor-based. In the in-body sensor-based WBANs, guaranteeing qualityof- service (QoS) 

and prolonging network lifetime are major impediments due to the placement of sensors inside 

human body and the limited capacity of power unit. In this Thesis, first, we propose a novel energy-

efficient medium access control (MAC) protocol for IEEE 802.15.6 standard complaint in-body 

sensor-based WBAN. We propose a modified superframe structure and design a novel emergency 

event handling scheme to address the critical events of in-body sensors. One of the crucial issues 

in on-body sensor-based WBAN communication is coexistence with other wireless networks such 

as wireless local area network (WLAN) operating in the unlicensed ISM band. The coexistence of 

these heterogeneous wireless networks in the unlicensed spectrum band leads to cross-technology 

interference, which in turn, decreases the individual network performances. Therefore, we propose 

a theoretical framework to analyze the coexistence throughput of on-body sensor-based WBAN in 

the presence of WLAN users. The abovementioned approaches improve the performance of 

WBAN, which is used for individual patient-centric health monitoring. However, in recent years, 

the focus has been shifted to group-based patient monitoring. In this context, one of the promising 

solutions is body-to-body network (BBN), which enables co-located WBAN users to form a 

cooperative group and share their network resources with one another for effective physiological 

data uploading. This cooperative framework of BBN reduces the packet collision rate and 
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retransmissions, thereby minimizing the effect of interference due to coexistence, and enhancing 

network reliability. The success of the BBN framework depends on the collaboration and 

willingness of WBAN users to share their resources. However, in general, the WBAN users are 

self-centric and unwilling to share their resources without proper incentive. Therefore, in this 

Thesis, we focus on designing an incentive mechanism for BBNs, for motivating users to 

collaborate and enable efficient and fair network resource allocation among multiple WBAN users. 

Finally, we focus on the mobile edge computing (MEC)-assisted WBAN system, which brings the 

computing services and storage facilities closer to WBAN users, thereby improving their quality-

of-experience (QoE). In the MEC-assisted WBAN system, the users offload their tasks to the MEC 

server, so that the overall delay of task execution can be reduced significantly. However, with the 

increase in the number of WBAN users, the computational load on the MEC server increases, 

which results in continuous power consumption and energy inefficiency. Therefore, in this Thesis, 

we conceptualize the problem of energy minimization of MEC-assisted WBANs, using an 

economic framework and design an incentive mechanism that motivates WBAN users to compute 

locally and opt for partial task offloading to the MEC server. Consequently, we propose two 

incentive mechanisms to determine the amount of computing task and the corresponding 

reimbursement to WBAN users. Firstly, using the non-cooperative game theory, we propose a 

Stackelberg game to model the interaction among the MEC server and WBAN users. Secondly, 

using the cooperative game theory, we propose an incentive scheme based on the Nash bargaining 

framework.   

 

Keywords: Wireless Body Area Network, Internet of Things, Body-to-Body Networks, Quality-

of-service, Game Theory, Resource Sharing, Mechanism Design, Healthcare IoT 
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The existence of hazardous pollutants in water particularly arsenic (As), chromium (Cr), and 

organic dye is a global concern due to their harmful impacts on the biosphere. In this  context,  

several  physicochemical  and  biological  processes  have  been  widely investigated to remove 

the targeted pollutants. Among them, the adsorption process offers significant advantages due to 

its ease of operation, high selectivity, cost-effectiveness, and reusable  property.  From  this  

perceptive,  nanostructured  hybrid  materials  have  been recognized to be more beneficial over 

traditional adsorbents owing to the availability of high  surface  area  and  active  sites.  Conducting  

polymers  like  polyaniline,  (PANI), polypyrrole  (PPY),  and  their  composites  have  also  been  

extensively  used  in  water treatment due to their high adsorption efficiency, presence of nitrogen-

containing amine and  imine  functional  groups,  interesting  doping/de-doping  chemistry,  and  

excellent environmental stability. Considering this, the present study is focused on the 

developments of nanomaterials acting as effective adsorbents in the removal of arsenic, chromium, 

and organic dye from contaminated water.  

 

In view of this, objective 1 includes the synthesis of polyaniline hollow microsphere 

(PNHM)/Fe3O4 magnetic nanocomposites by a novel strategy and their characterization. Our 

investigations have shown ~98‒99% removal of As(III) and As(V) in the presence of 

PNHM/Fe3O4‒40 following pseudo-second-order kinetics and equilibrium isotherm data fitting 

with Freundlich isotherm. The maximum adsorption capacity (Qmax) of As(III) and As(V) 

corresponds to ~28 mg g‒1 and 83 mg g‒1, respectively. 

Objective 2 demonstrated the fabrication of PNHM/MnO2/Fe3O4  composites by in- situ 

deposition of MnO2 and Fe3O4 nanoparticles on the surface of PNHM and study its absorption 

behavior towards the removal of toxic methyl green (MG) and congo red (CR) dyes. Room 

temperature batch adsorption study showed about 88% and 98% adsorption efficiencies  for  MG  

and  CR  dyes,  respectively,  at  an  optimum  1  g  L‒1   dose  of PNHM/MnO2/Fe3O4 at pH 

~6.75. 

In objective 3, polypyrrole-polyaniline coated on rice husk ash (PPY‒PANI@RHA) 

 

has been fabricated by in-situ polymerization and used as an adsorbent in the removal of 

hexavalent chromium (Cr(VI)) from the aqueous solution. Our findings show ~98% of Cr(VI) 

removal at room temperature (303±3K) under optimum conditions of adsorbent dose (0.8 g L−1), 

adsorbate concentration (50 mg L−1), solution pH (~2), and contact time 

(300  min).  The  adsorption of Cr(VI)  followed  the  Elovich kinetics  and  was  better described 

by the Freundlich isotherm with the Qmax value of ~769 mg g‒1. 

A  plausible  adsorption  mechanism  based  on  x-ray  photoelectron  spectroscopy analysis  has  

been  proposed  for  the  adsorption  of  arsenic,  dye,  and  chromium. Thermodynamic  studies  
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established  the  endothermic  and  spontaneous  nature  of  the respective adsorption processes. 

The investigations with real field water have also shown better performance in the removal of these 

various pollutants. All these findings clearly established PNHM/Fe3O4‒40, 

PNHM/MnO2/Fe3O4, and PPY–PANI@RHA composites to be very promising adsorbents in the 

removal of targeted contaminants. 

 

 

Keywords: Water, Rice husk ash, Polyaniline, Polypyrrole, Fe3O4, MnO2, As, Dye, Cr, 

Adsorption. 
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Similar metal joining of commercially pure (CP) titanium and stainless steel AISI 304 were 

performed by laser beam welding (LBW) and electron beam welding (EBW), followed by laser 

shock peening (LSP). LBW was done at different welding speeds, and its influence on molten pool 

thermal history, microstructure, residual stress, mechanical and corrosion properties were studied. 

LSP of the welded specimens induced significant compressive residual stresses at the surface 

through plastic deformation and led to the improvement in microhardness (6-14% for SS and 7-

26% for Ti) at the sub-surface region due to finer grain structure. Further, appreciable enhancement 

in tensile strength (13-29%) and fatigue life due to strain hardening and changes in microstructure 

like twinning within grains was realized. The properties of the EBW specimens were also 

improved by LSP. In the dissimilar metals welding process, longitudinal cracks and fractures 

occurred at low welding speeds due to the formation of hard and brittle intermetallics. Longitudinal 

cracks were mitigated at high welding speeds where the molten pool lifetime was less than 80 ms. 

Low molten pool lifetime prevented the growth of brittle intermetallics beyond a certain threshold. 

Transverse cracks across the joint due to the large difference in thermal properties of titanium and 

stainless steel were little influenced by the welding parameters. The transverse cracks could be 

reduced by shifting the laser beam towards Ti during welding. Employing a novel method of 

differential cooling during welding the thermal residual stresses were reduced and thereby 

transverse cracks were minimized by about 75%. Another novel method for insitu deposition of 

powder of a compatible metal, Ni at their interface during laser welding, was developed. The 

interlayer mitigated the longitudinal cracks by acting as a barrier to elemental diffusion, thus 

restricting the growth of hard and brittle intermetallics of Ti and Fe. This also acted as a 

functionally graded layer to reduce the thermal residual stresses, thus preventing the formation of 

transverse cracks. An ultimate tensile strength as high as 375 MPa was obtained. This method has 

the flexibility to weld following three-dimensional contours and also to weld any other dissimilar 

metal combination by using an interlayer of a compatible material.  

 

Keywords: Laser beam welding; electron beam welding, laser shock peening; stainless steel; 

titanium; dissimilar laser welding; intermetallics; differential cooling; directed energy deposition. 
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This thesis explores the design and development of an electrowetting-based digital microfluidic 

(DMF) platform with a novel triangular coplanar electrodes array and with the capability of 

working at a relatively low operating voltage. The dielectric material, placed in between the 

electrodes and the liquid droplet to prevent electrolysis, plays a vital role in the performance of 

any electrowetting based system. One of the major focus of the research is also to develop a new 

composite dielectric material that will allow low voltage actuation and provide enhanced dielectric 

strength for extended operation of any device.  

 

In the present research, a nanocomposite thin film of graphene oxide (GO) and 

polydimethylsiloxane (PDMS) is synthesized and used as an insulating layer in the fabricated 

electrowetting-on-dielectric (EWOD) device. The nanocomposite of varying GO concentration is 

prepared using PDMS as a matrix and commercially available GO as a filling material. This whole 

nanocomposite preparation is accomplished through an in-situ polymerization process. Thorough 

characterizations of the GO nanofillers and the fabricated GO-PDMS nanocomposite films using 

transmission electron microscopy (TEM), field emission scanning electron microscopy (FESEM), 

and Raman spectroscopy reveal the morphology and distribution patterns of the GO nanofillers 

placed inside the PDMS matrix. Subsequently, dielectric characterization of the prepared GO-

PDMS composite reveals that the dielectric constant and dielectric breakdown field of PDMS 

substantially get enhanced due to the incorporation of the GO fillers in the PDMS matrix. In 

contrast, a significant lowering of actuation voltage has been observed during the EWOD process, 

possibly owing to enhanced interfacial polarization of nanocomposite material. The above results 

from GO-PDMS composite characterization are achieved at a certain concentration of GO until 

the 'percolation threshold' is reached, following which the conductive properties of the composite 

start to surpass gradually. Finally, the results on droplet actuation and electrowetting studies on 

GO-PDMS composite are compared with bare PDMS as a dielectric for establishing the efficacy 

of the DMF devices. 

 

To facilitate smooth droplet actuation, an electrical switching circuit is developed using the 

following components: (i) Arduino Mega (microcontroller), (ii) electromagnetic relays 

(controlling switches), and (iii) DC-DC boost power amplifier. This circuit provides an 

opportunity to construct a robust and compact setup for droplet actuation over the fabricated DMF 

platform, thus making this ideal and flexible for a number of lab-onchip and point of care 

applications. An array of nine identical equilateral triangular geometry electrodes configured in 

sequential but opposite orientation is designed to facilitate as active working electrodes in the 
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EWOD based DMF device. The fabrication process of the DMF device is followed by the droplet 

transportation experiments, and the immediate outcomes are compared with the results available 

in the reported literature. This process is further explored by developing a model based on the 

pertinent driving and retarding forces, the role of the effective contact line length, and an in-situ 

evaluation of the contact line friction coefficient. Finally, the droplet transport efficiency of the 

fabricated digital microfluidic platform is quantified and compared by computing the driving force 

and accurate measurement of the droplet velocities. 

 

Keywords: Digital microfluidics (DMF), graphene oxide (GO), polydimethylsiloxane (PDMS), 

electrowetting on dielectric (EWOD), GO-PDMS nanocomposite, low actuation voltage, 

interfacial polarization, percolation threshold, triangular electrodes.  

  



 

 141 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

ESSAYS ON CURRENCY MISMATCHES 

 

Hari Venkatesh 

Supervisor: Gourishankar S Hiremath 

Department of Humanities and Social Sciences 

Accession No: NB17341 
 

 

Emerging and developing economies are rapidly accumulating foreign currency denominated debt 

in recent years. Such debt leads to currency mismatches and indicates external vulnerability. The 

body of international finance literature, with few exceptions, ignored the importance of measuring 

the currency mismatches and examining the impact of such mismatches on the financial system 

and economic growth. This dissertation, consisting of three empirical essays on currency 

mismatches, strives to redress these omissions partially. The first essay adopts a new methodology 

to construct the aggregate effective currency mismatch index to overcome the limitations of extant 

approaches. With granular data on international debt securities, the essay documents the surging 

of currency mismatches at an alarming rate in Latin America, followed by Central Europe. The 

findings show that the global and domestic macroeconomic factors are responsible for growing 

mismatches in these economies. Although a body of literature, still in its infancy, view currency 

mismatches as potential indicators of financial crises, no concrete empirical validation of this 

nexus is available. The second essay addresses this omission and examines the role of original sin 

and currency mismatches in financial crises. The essay develops broad original sin and new 

currency mismatch indices and employs machine learning methods to show that currency 

mismatches significantly increase the likelihood of financial crises. The third essay extends the 

broad original sin and new currency mismatch indices to examine the impact of external debt 

vulnerability on economic growth. The essay demonstrates that foreign currency exposure does 

cause an economic slowdown in advanced and emerging economies by escalating insolvency and 

systemic risk. The exchange rate movements adversely affect economic activity via the financial 

channel, blunting the trade channel effects. Overall, the dissertation shows that emerging and 

developing economies are not out of the woods yet. The thesis demonstrates the critical role of 

foreign currency assets and monetary policy independence in limiting currency mismatches and 

entrenching resilience. The macroprudential measures, monetary independence, foreign exchange 

reserves, and quality institutions are apposite to control mismatches. 

 

Keywords: Original Sin; Currency mismatch; Financial crisis; Economic growth. 
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There is no unified market within India, and there are considerable inter-state tax and non-tax trade 

obstacles. There is a need to establish a national-level single market by abolishing all current trade 

obstacles, legislation, fiscal policies, and marketing arrangements. Both fiscal and non-fiscal 

impediments impede interstate commerce. These restrictions tend to fragment the national market, 

which increases the possibility of engaging in anti-competitive trade practices and reduces trade 

freedom. With this fear of trade barriers being erected by Indian states in exercising their legislative 

powers in mind, the authors of the Constitution framed Articles 301 to 307 in Part XIII. The object 

of Part XIII was to impart specific disciplines on the individual State so that they should not take 

or adopt economic measures which will only benefit them at the expense of the other states of the 

country. This spirit is nicely echoed in Article 19(1)(d) and (g) of the Part III of our Constitution. 

These are the cornerstones for realization of freedom of trade and commerce guaranteed under the 

Constitution. Serious thought needs to be given to superior alternatives to enable the central 

government to discharge its constitutional responsibility to preserve the national common market. 

Because the Centre itself often takes measures that constrain free trade, it is all the more necessary 

to entrust the task of enforcing the Constitution's common market mandate to an independent 

authority as contemplated in Article 307.  

 

Keywords: Common Market, Inter-state Trade, Commerce, Constitution. 
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Low power realization of High Efficiency Video Coding (HEVC) standard, which has widespread 

application in mobile devices, tablets, and high-definition televisions, calls for efficient 

approximation of high power consuming blocks including Transform-and- Quantization and In-

loop Filters. This research work focuses on developing hardwareefficient VLSI architectures and 

algorithms for the HEVC standard to improve its efficiency in real-time applications. An algorithm 

called Min DCT Coeff has been proposed for computing the minimum number of low frequency 

Discrete Cosine Transform (DCT) coefficients, which ensures that the loss in peak signal to noise 

ratio (PSNR) is less than 0.15 dB and the increase in bitrate is less than 1.5% with reference to the 

HEVC-test- Model (HM) reference software. The proposed hardware-efficient 2D DCT 

architecture supports all the Transform Unit (TU) sizes as specified in the HEVC standard. 

Moreover, the proposed Min Trans Coeff algorithm finds out the minimum number of 

DCT/Inverse-DCT (IDCT) coefficients required for the HEVC standard at a slight loss in PSNR 

(< 0:15 dB) and an increase in bitrate (< 1:5%) as compared to HM software. The proposed 2D 

DCT/IDCT architecture supports all the TU sizes in HEVC, and it consumes lower power and less 

energy as compared to the existing state-of-the-art designs. Furthermore, we have developed a fast 

integrated deblocking filter and Sample Adaptive Offset (SAO) parameter estimation architecture 

for HEVC. Here, the proposed SAO Parameter Estimation algorithm can compute the required 

SAO parameters for all sizes of Coding Tree Units as specified in the HEVC standard. 

Additionally, the proposed Best QP Sel HEVC algorithm uses parametric modeling to find out the 

best quantization parameter to satisfy the bitrate and PSNR specifications. Its architecture has also 

been developed so that it can be included in a real-time HEVC codec for portable HEVC-compliant 

consumer electronic products. All the above proposed architectures are compatible with the HEVC 

standard. Moreover, the coding efficiency of all the above proposed techniques has been tested 

and reported using HEVCtest- Model reference software. All the proposed architectures have been 

implemented on both Field Programmable Gate Array (FPGA) and Application Specific Integrated 

Circuit (ASIC) platforms to establish their suitability for consumer electronics applications. Index 

Terms: HEVC, DCT, IDCT, Deblocking Filter, Sample Adaptive Offset, Rate Control, Adaptive 

Quantization, FPGA, ASIC. 
 

  



 

 144 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

REVELATION OF MULTIDIMENSIONAL QUANTITATIVE 

ATTRIBUTES IN ORAL POTENTIALLY MALIGNANT DISORDERS 

TOWARDS PRECISION DIAGNOSTICS 

 

Debaleena Nawn 

Supervisors: Prof. Jyotirmoy Chatterjee and Prof. Debjani Chakraborty 

Advanced Technology Development Centre 

Accession No: NB17344 

 

 

Squamous cell carcinoma is the most common cancer of oral cavity. This oral cancer (OC) is 

usually preceded by oral potentially malignant disorders (OPMDs). Hence early and precision 

diagnostics of OPMDs’ malignant potentiality are vital in improving survival rates of OC patients. 

However, gold standard histopathological diagnostic method for OPMDs suffers from ambiguity 

and subjectivity which may be addressed by revelation of more quantitative attributes and by 

adapting group decision making (GDM) techniques to reduce subjective bias. This study has 

adopted methods for analyzing multimodal attributes of epithelium and sub-epithelium including 

Raman micro-spectroscopy of basement membrane along with fuzzy GDM approach based 

endorsement of onco-pathological domain knowledge for precise histopatholgical evaluation of 

OPMDs [viz. oral sub-mucous fibrosis (OSF) and leukoplakia (OLKP)]. Significantly different 

nano-scale textural attributes of epithelium and sub-epithelium is found in OSF compared to 

normal. Further, in exploring micro-scale textural features of oral sub-epithelial connective tissue 

in OPMDs (viz. OSF and OLKP) and OC, multifractal analysis is employed. Significant 

differences of multifractality among study groups demonstrated effectiveness of multifractal 

features as statistical biomarker. Considering significance of critical understanding regarding 

alterations in stratified oral epithelium during development and progression of OPMDs, different 

epithelial layers are examined in terms of nuclear morphometric and textural attributes including 

quantitative evaluation of pleomorphic nuclei. It registered changes in nuclear morphometric 

features based correlations between adjacent epithelial layers in OPMDs. Higher differences in 

pleomorphic nuclei are noted between moderate and severe dysplasia of OLKP than OSF. Raman 

spectroscopy of basement membrane shows significant difference in biochemical components in 

OPMDs. In improving dysplasia grading of OPMDs, an index has been devised using Fuzzy GDM 

algorithm. The proposed severity index based on standard histopathological features is statistically 

different for different grades of dysplasia. Present study elucidating multidimensional quantitative 

attributes and GDM based index for epithelial dysplasia grades will add value to the precision 

diagnostics of OPMDs. It has futuristic impact on developing an integrated diagnostic method for 

OPMDs using both qualitative and quantitative attributes and by adopting analytical means to 

encompass subjective variability in medical domain knowledge.  

 

Keywords: Oral potentially malignant disorders, Multi-scale analysis, Textural analysis, 

Multifractal, Fuzzy group decision making, Oral dysplasia grading index. 
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Our main focus is to develop single- and two-photon responsive photoremovable protecting groups 

(PRPGs) for spatio-temporal release of gasotransmitters, mainly hydrogen sulfide (H2S). The 

thesis entitled “Design and Development of Photoremovable Protecting Groups for Release of 

Gasotransmitters” consists of five chapters. Chapter 1 describes the overview of one and two-

photon responsive photoremovable protecting groups (PRPGs) and their application for the release 

of gasotransmitters. Chapter 2 explains the strategy for releasing H2S gas from a water-soluble 

light activated hydrogen sulfide donor by the excited state meta effect using meta-amino benzyl 

derivative. Chapter 3 deals with fluorescent carbon dots decorated with quinoline PRPRG based 

visible light responsive H2S nanocarriers. Chapter 4 describes single and two-photon responsive 

fluorescent PRPG for the release of H2S gas from simple coumarin based PRPG. Chapter 5 

demonstrates the release of NO and H2S from their corresponding NO and H2S decorated 

fluorescent carbon dots and their application for cancer therapy. 
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The complex and dynamic process of tumorigenesis consists of three different stages such as 

initiation, progression, and metastasis. Each stage of tumorigenesis is supported by the surrounding 

stromal cells, extracellular matrix (ECM), and the physiological state of the tumor 

microenvironment (TME). Cancer-associated fibroblasts (CAF) occupy a vital and most 

prominent part of the TME in fostering tumorigenesis. Specifically, the dynamic interplay between 

the CAFs and the cancer cells is essential to stimulate the cancer heterogeneity, clonal 

evolution,and onset of chemoresistance in cancer cells ending in cancer cell proliferation and 

metastasis. Reciprocally, we find that cancer cells induce chemoresistance in cancer-associated 

fibroblasts. On continuous exposure of the conditioned media (CM) isolated from the breast cancer 

cells, we were able to induce the CAF characteristics in the normal human dermal fibroblasts. The 

resistant breast cancer cells were able to do so with great potential as compared to the parental 

cells. This is with concomitant increased secretion of TGF-β1 to the conditioned media from the 

resistant cells compared to the parental counterpart. The breast cancer cells through paracrine 

secretion of TGF-β1 stimulate epithelial to mesenchymal transition (EMT) in the neighboring 

CAFs. The resistant breast cancer cells have more potential to do so by upregulating the p44/42 

MAPK signaling axis. In our second objective, we elucidated the significance of extracellular 

TGF-β1 in inducing autophagy and glycolytic surge in the CAFs. We found the marked 

upregulation of glycolysis in the hypoxic CAFs treated with TGF- β1. Synergistically, hypoxia 

and TGF- β1 induced autophagy in CAFs and concomitantly EMT. Mechanistically furthermore 

we observed that the autophagy in the CAFs promoted the glycolytic machinery of the CAFs via 

upregulation of MCT4, the membrane transporter. Blocking the TGF-β receptor and autophagy 

attenuated the glycolysis, EMT-like phenomena, and CAF phenotype in the CAFs. Finally, we 

have examined the role of exosomes, the extracellular vesicles secreted by the breast cancer cells 

in significant amounts in contributing to the remodeling of CAFs. We have isolated and 

characterized the exosomes from breast cancer cells in several established mechanisms. Therefore 

our studies may unlock new avenues for future studies and treatment options targeting the CAFs 

instead of cancer cell-centric formulation only. This may be helpful in understanding the reciprocal 

relationship between CAFs and cancer cells in inducing chemoresistance and strategically 

designing the CAFspecific therapeutics. 

 

Keywords: Tumor microenvironment, Cancer-associated fibroblast, Breast cancer, autophagy, 

EMT, TGF-β, Chemoresistance, Hypoxia, and Exosomes. 
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It appears that the gold potential of peninsular India has not been adequately evaluated. The 

Sonakhan greenstone belt (SGB) in the Bastar Craton, Central India, is underexplored as yet with 

indications of gold mineralization and thus makes a case for knowledge-driven approach for 

prospectivity mapping and favorability analysis. The Hutt-Maski greenstone belt (HMGB) in the 

eastern Dharwar Craton, south India has a few important localities that produced gold in the past 

and a presently producing deposit. The HMGB is considered as a terrane of moderate exploration 

maturity with known localities and prospects of gold and is amenable to a data-driven approach 

for prospectivity mapping. The present work is on information synthesis using state-of-theart 

methodology of spatial data modelling using multidisciplinary geoscience data generated over the 

past two decades by various Indian and international agencies. Concentration-Area (C-A) fractals 

in combination with Fuzzy Analytic Hierarchy Process (FAHP) has been used to map regional-

scale significant geochemical anomaly in SGB. This study used the stream sediment geochemical 

data from the National Geochemical Mapping Program (NGCM) of the Geological Survey of India 

(GSI). The concentration of gold (Au) and other pathfinder elements (Ag, Sb, As, Hg and Se) of 

close chemical affinity were used as indicators of gold mineralization to determine geochemical 

anomalies in the study area. The C-A fractal was applied to decompose anomaly and background 

components of the spatial dispersion patterns of each element and FAHP was used to determine 

the weight for each anomaly map. The reliability of the outcome was assured by the coincidence 

of known gold mineralization with the high potential regions delineated in the integrated multi-

element geochemical anomaly map. A knowledge-driven guide was developed for exploration 

target delineation in parts of SGB. The obtained geochemical anomalies of selected pathfinder 

elements were further combined with the available geological data such as key lithological units 

and their contacts, geophysical data (aeromagnetic anomaly and K/Th ratio map) and satellite 

digital image data (ASTER and Landsat 7 ETM+) to map gold prospectivity. A total of seventeen 

evidential layers were generated and integrated using four knowledge-driven prospectivity models 

such as binary and multiclass index overlay, Fuzzy logic and Fuzzy AHP, followed by a risk 

analysis that returned 1.95% of the study area as low-risk exploration targets for gold. The 

application of local singularity analysis (LSA) to the regional stream sediment geochemical data 

has been demonstrated in parts of HMGB to identify significant geochemical anomaly. Two 

different singularity mapping techniques viz. Ordinary Singularity Mapping (OSM) and Spatially 

Weighted Singularity Mapping (SWSM) have been employed for mapping singularity of gold 

pathfinder elements (Au, As, Ag, Hg, Sb, Se, Cu, and Zn) by delineating weak geochemical 

anomalies. It is observed that the SWSM method results in a smaller target with higher predictive 

ability compared to OSM method that delineates a larger target area. A synergistic application of 

data-driven, knowledge-driven and hybrid prospectivity models has been demonstrated for 
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delineating optimal exploration targets in parts of HMGB. Prospectivity models viz. Weight of 

Evidence (WOE), Fuzzy Logic (FL) and a hybrid model (WOE-FL) were used to integrate a total 

of 16 evidential maps encompassing geological data such as lithostratigraphic units, favorable 

litho-contacts, structural elements, geochemical anomalies of selected gold pathfinder elements, 

and hydrothermal alteration zones derived from digital image processing of Landsat 8 OLI satellite 

imagery. A risk assessment was performed that resulted merely 4.5% area as low-risk optimal 

targets for gold exploration in the study area. The results of this study demonstrate the effectiveness 

of the methods used for mapping gold prospectivity in low and moderate exploration maturity 

regions. All the generated prospectivity maps can be used to guide further exploration work in the 

respective study area. It is recommended to apply the exploration targeting approaches 

demonstrated in this research in the survey of gold in these two terranes. 

 

Keywords: Prospectivity mapping, Exploration targeting, Mineral systems, Fractals, Predictive 

modeling 
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Numerical investigations on the heat transfer characteristics and thermal performance of Nano 

fluids in enclosures and infinitely long channel are made. Studies are based on homogeneous as 

well as non-homogeneous models of Nano fluids consisting of single or multiple type of 

nanoparticles suspended in the base fluid. The governing equations are solved numerically in a 

coupled manner through the finite volume method over staggered grid arrangements. The entropy 

generation is evaluated to analyze the thermal performance of the system. This thesis consists of 

seven chapters of which Chapter 1 is introductory, which contains the basic principles of fluid 

flow, thermal field, nanoparticles distribution, and the heat transfer of Nano fluids along with an 

outline on the mathematical formulations and numerical methods. In Chapter 2 we consider 

Buongiorno’s two-phase model to numerically analyze the mixed convection of Al2O3-water 

Nano fluid in a lid-driven square enclosure with a partially heated lower wall. The objective of this 

study is to investigate the combined effect of Brownian diffusion and thermophoresis to generate 

a relative velocity between the base fluid and nanoparticles on the flow field and heat 

transportation. A comparative analysis between the homogeneous and the non-homogeneous 

model ensures the significance of considering the slip mechanisms due to which higher heat 

transfer occurs for the two-phase model. The entropy generation due to heat transfer irreversibility 

and fluid friction irreversibility is evaluated to explain the thermodynamic efficiency of the system. 

Our computed results show that the rate of heat transfer is higher than the entropy generation due 

to the inclusion of nanoparticles. The positive inclination angle of the enclosure has a significant 

impact to enhance the heat transfer. The Bejan number is determined to analyze the relative impact 

of heat transfer irreversibility and fluid friction irreversibility on the total entropy generation. 

Chapter 3 deals with the impact of the Lorentz force generated due to the externally applied 

inclined magnetic field on a square enclosure filled with Al2O3- water nanofluid. The enclosure 

with a thick lower surface is heated from below. The presence of Joule heating term due to the 

imposed magnetic field is also discussed in our present study. The nonhomogeneous model is 

adopted to study the present problem of conjugate heat transfer. The aim of our study is to analyze 

the sensitivity of the magnetic field, Joule heating term and the inclination angle on the flow and 

thermal field. A comparison with the corresponding homogeneous model is made. Results show 

that the magnetic field has an unfavorable effect on both the heat transfer and the entropy 

generation. The addition of nanoparticles enhances both the heat transfer and entropy generation 

as compared to the clear fluid with enhancement in entropy generation higher than the rate by 

which the heat transfer augments.  Heat transfer and flow enhancement of an Al2O3-water 

nanofluid filling an inclined channel whose lower wall is embedded with periodically placed 

discrete hydrophobic heat source is analyzed in Chapter 4. Formation of a thin depletion layer of 
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low viscosity over each hydrophobic heated patch leads to the velocity slip and temperature jump 

condition at the interface of the hydrophobic patch. The thin depletion layer above the heated 

stripes reduces the heat transfer and augments the volume flow rate. The heat transfer performance 

of the channel diminishes as the channel inclination angle with the horizontal is increased. The 

inclusion of nanoparticles leads to an enhanced thermal performance of the modulated channel by 

creating the enhancement in the average heat transfer rate higher than the entropy generation and 

friction factor. It is observed that the slip stripes augment the impact of nanoparticle volume 

fraction as compared to the no-slip case. In Chapter 5 the nonhomogeneous model on the mixed 

convection of the Al2O3- Fe3O4 Bingham plastic hybrid nanofluid in a ventilated enclosure 

subject to an externally imposed uniform magnetic field is analyzed numerically. The ventilation 

in the enclosure of heated walls is created by an opening on one vertical wall through which cold 

fluid is injected and another opening on the opposite vertical wall through which fluid can flow 

out. The objective is to analyze the impact of the inclined cold jet of viscoplastic electrically 

conducting hybrid nanofluid on heat transfer from the enclosure in presence of a uniform magnetic 

field. We find that the inclusion of Fe3O4 nanoparticles with the Al2O3-viscoplastic nanofluid 

augments the heat transfer. This rate of enhancement in heat transfer is higher than the rate by 

which the entropy generation is increased as well as the enhancement in the pressure drop. The 

yield stress has an adverse effect on the heat transfer however, it favors the thermal mixing. The 

magnetic field, which is acting opposite to the direction of the inlet jet, manifests heat transfer of 

the viscoplastic hybrid nanofluid. The horizontal jet of cold fluid produces the optimal heat 

transfer. In Chapter 6 we consider the thermal performance due to mixed convection and conjugate 

heat transfer of a Al2O3- Cu/viscoplastic hybrid nanofluid in a ventilated enclosure. A cold 

viscoplastic hybrid nanofluid is injected through the inlet port placed at the lower left corner of the 

enclosure and an outlet is placed at lower right corner. A heated solid obstacle is mounted at the 

bottom wall of the enclosure and the left wall of the enclosure is considered to be uniformly heated. 

The viscoplastic nanofluid is modeled as the Casson fluid, in which the plastic viscosity is 

considered to be temperature dependent. Nanoparticles mass flux due to both Brownian and 

thermophoretic diffusion along with convection is taken into account. The Corcione model for the 

thermal conductivity and viscosity of the hybrid nanofluid is adopted. The presence of the heated 

obstacle at the lower wall induces a recirculating vortex above it, which reduces the heat transfer 

from the enclosure. This vortex disappears when higher range of Reynolds number is considered. 

Our results show that the inclusion of Cu-nanoparticles in the Al2O3- viscoplastic fluid manifests 

the heat transfer. The yield stress of the fluid reduces the heat transfer but enhances the entropy 

generation. The thermal performance of the system is evaluated by presenting the heat transfer to 

entropy generation ratio. An enhancement of the solid-to-fluid conductivity ratio intensifies the 

heat transfer as well as entropy generation. Hybrid nanofluid enhances both heat transfer as well 

as entropy generation with the rate of heat transfer higher than the rate of entropy generation. 

Chapter 7 provides the concluding remarks and an outline of the future scope. 

 

Keywords : Hybrid nanoparticles; Viscoplastic nanofluid; Nonhomogeneous model; Finite 

volume method; QUICK Scheme; Hydrophobic surfaces; Velocity slip; Temperature jump; Joule 

heating; Lorentz force; Conjugate heat transfer; Ventilated enclosure; Nusselt number; Entropy 

generation; Energy flux vectors; Heatlines. 
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Groundwater-surface water interaction process still remains challenging due to the complex nature 

of groundwater systems and large variation in surface water fluctuations. The application of 

regional scale coupled groundwater-surface water interaction model is difficult due to high 

computational requirement and data insufficiency. Groundwater plays an essential role in the 

interaction process to fulfil the irrigation requirement in water deprived areas. Water management 

in canal command areas is an important issue. Water is delivered in canal command system through 

a network of canals, distributaries and water courses. Tail-end farmers face water shortage due to 

uneven distribution of water. Thus, conjunctive water use is practised in canal command systems. 

The Damodar irrigation system is a canal command system situated in the eastern part of India. 

The Damodar irrigation system was initially designed to fulfil water requirement for Kharif and 

Rabi crops only. Every year canal water shortage is observed during "Boro Paddy" cultivation 

season (Jan-Apr). Thus, groundwater is the major source for irrigation water in the tail-end of 

Damodar command area . Damodar Left Bank Main Canal (LBMC) system located in the northern 

part of Damodar river is the study area of the present Thesis. The overall efficiency of the canal 

networks is decreasing year after year due to reduction in carrying capacity of the canals and 

unauthorized human interference. For a large portion of the command area in the tail-end reaches 

of this irrigation system, groundwater remains the only source to raise Boro rice. Area under Boro 

rice cultivation is typically increasing over the past few decades. Overexploitation of groundwater 

is occurring which may affect the sustainable use of water resources. Thus, a comprehensive 

coupled model is required to simulate the canal command system by incorporating the processes: 

(a) saturated groundwater flow, (b) unsaturated flow and (c) overland flow. The work presented in 

this Thesis attempts to develop a coupled model that simulates saturated groundwater flow, 

unsaturated flow and overland flow for canal command system. Details of individual process-

based models and coupled model are discussed. Capability of the coupled model is demonstrated 

for Damodar LBMC system under two canal regulation scenarios. A groundwater management 

model is also developed based on simulation optimization approach and tested for an illustrative 

aquifer. 
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The present thesis deals with (i) the investigation of micro-milling using water-based nanofluids 

as cutting fluids in minimum quantity lubrication (MQL) mode, (ii) the development of ultrasonic-

assisted abrasive micro-deburring technique and (iii) the study of micro-deburring of micro-milled 

channels and pillars using the ultrasonicassisted abrasive micro-deburring technique. Four 

different nanoparticles were used for the preparation of nanofluids, namely alumina (Al2O3), 

hexagonal boron nitride (hBN), molybdenum disulphide (MoS2), and tungsten disulphide (WS2), 

with deionised water as the base fluid. Nanofluids were prepared using ultrasonic dispersion and 

characterised by measuring the stability (by visual inspection, zeta potential, and dynamic light 

scattering), wettability (contact angle), and viscosity. Tribological characterisation of the 

nanofluids was undertaken on a ball-on-disc tribometer where the performance of the nanofluids 

in MQL mode was evaluated by the coefficient of friction, wear depth, and specific wear 

measurements and comparing them with dry sliding and pure MQL environment using a 

commercially available cutting fluid (UNILUB 2032). Among the prepared nanofluids, alumina 

has performed the best. The spherical shape of the alumina nanoparticles has helped in reducing 

the coefficient of friction and wear due to the ball-bearing effect and the entrapment of the alumina 

nanoparticles in the asperities of the work surface. The commercial cutting fluid has performed 

slightly better than the alumina nanofluids due to the formation of a stable tribo-film. Micro-

milling experiments were conducted on Ti-6Al-4V using two-flute TiAlN coated tungsten carbide 

end-milling cutters of 500 μm diameter. Machining environments used were dry, pure MQL using 

the commercial cutting fluid (UNILUB 2032), and nanofluid MQL using the prepared nanofluids. 

The effects of machining parameters (cutting speed and feed per flute) and the machining 

environment on the machining forces, burr formation, and surface roughness were evaluated. The 

effect of the cutting environment during machining was found to follow a similar trend as that of 

the tribological performance with the commercial cutting fluid performing the best in terms of 

cutting force reduction, burr formation minimisation, and surface finish improvement, closely 

followed by the alumina nanofluids. An increase in the MQL flow rate has resulted in a better 

performance of the nanofluids due to a more stable tribo-film formation and the increased 

availability of the nanoparticles in the machining zone. Solid lubricant based nanofluids (hBN, 

MoS2, and WS2) have performed better than dry machining, but their performance was not as 

good as the alumina nanofluids. An ultrasonic-assisted abrasive micro-deburring process was 

developed employing a probe sonicator to remove micro-burrs from micro-machined components 

of metallic alloys with a focus on burr removal, preservation of dimensional accuracy of the 

channels, minimisation of surface damage, and improvement in surface finish. The process was 

tested to remove burrs from micro-channels and micro-pillars on a variety of soft and hard 

materials like aluminium 6061, copper, Ti-6Al-4V, and bearing steel. The mechanism of deburring 
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was mainly by the impact of the abrasive particles accelerated by the shockwaves generated by the 

collapsing cavitation bubbles. Burr reduction by as much as 92% has been achieved in a very short 

time of 10 s for soft materials like Al 6061 and copper, and 3 min to 6 min for Ti-6Al-4V and 

bearing steel, without damaging the components or deteriorating the dimensional accuracy. 

Surface roughness has decreased from 8.97nm to as low as 6.63nm post deburring, resulting in a 

26% improvement in surface finish. Visualisation of the deburring process using a high-speed 

camera and estimation of the energy of the abrasive particles at impact has shown a good 

correlation between the trend in the extent of burr removal and the process parameters. Further, 

trends between the impact energy for different materials and the time-based kinetic energy of the 

abrasive particles at impact have also matched, establishing feasibility of the analysis. 

 

Keywords: micro-milling, nanofluids, minimum quantity lubrication, Ti-6Al-4V, burr formation, 

micro-deburring, ultrasonic, abrasive. 
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The effect of alloying element addition at the expense of Nb in combinations of 5Mo, 5Mo+20Ti, 

5Mo+4Fe (compositions in at%) on microstructural evolution, mechanical and isothermal 

oxidation behaviour of the Nb-12Si based hypo- or Nb-19Si based hypereutectic alloys in as cast 

(arc-melted) or vacuum-annealed condition (1500 °C for 60 h or 100 h), has been investigated. 

Additionally, 3 at% Zr or Ga has been added to the Nb-19Si-5Mo-20Ti alloy, considering its 

promising mechanical properties and oxidation resistance. Characterization of microstructures by 

X-ray diffraction, scanning and transmission electron microscopy with energy dispersive 

spectroscopy, as well as electron probe microanalysis with wavelength dispersive spectroscopy 

has exhibited the presence of Nbss, (β + α) 5-3 silicide [(Nb,X)5Si3 where X = alloying element] 

in all the examined alloys along with β-Tiss and Fe rich silicide (Nb4FeSi) in Ti and Fe containing 

alloys, respectively. As an exception, the Zr containing alloys have shown a eutectic comprising 

the Zr rich γ-5-3 silicide phase along with absence of the β-Tiss. The morphology of the eutectic 

in as-cast ternary alloys is partially transformed from lamellar to non-lamellar on Fe or Zr addition, 

and completely on Ti or Ga addition, believed to be by the decoupled growth of Nbss and complex 

5-3 silicide during solidification. Annealing has been found to alter not only the phase volume 

fractions, but also the eutectic morphology from lamellar to non-lamellar along with 

spherodization and coarsening of the 

-3 silicides, altered 

phase volume fractions, and partitioning of Mo to Nbss. The hardness is lowered on annealing due 

to coarsening of primary or eutectic Nbss and/or increase in its volume fraction, except for the 

annealed Fe containing alloys with deformation of Nbss being constrained by the surrounding 

interconnected 5-3 silicide phase. The room temperature fracture toughness values obtained by 

-12Si-

hypoeutectic Nb-12Si-5Mo-20Ti alloy. Further, the post-anneal fracture toughness of the 

hypereutectic Nb-19Si-5Mo-

toughness is increased with volume fraction of Nbss along with its coarsening or spherodization, 

as well as change in the eutectic morphology from lamellar to non-lamellar, achieved by 

compositional changes and annealing. The toughening is facilitated by arrest, bridging or 

deflection of cracks by coarser ductile Nbss phase of the non-lamellar eutectic. The room 

-2900 MPa for the as cast alloys are reduced 

after annealing with the strength reduction being higher for the hypoeutectic compositions with 

larger Nbss content. The fracture surfaces with cleavage facets and river patterns in the Nbss along 

with evidence of interfacial decohesion within the non-lamellar eutectic, indicate the 
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predominance of brittle failure. The compressive yield strength is reduced with increase in 

temperature in the range of 900-1100 oC, with the hypoeutectic alloys exhibiting a higher strength 

retention indicating the predominant role of solid solution strengthened Nbss phase. Further, the 

compressive yield strengths of Nb-19Si-5Mo-20Ti alloy at both room and high temperature are 

found to increase on Zr and Ga addition, indicating that controlled alloying with annealing 

provides a strategy for simultaneous increase of strength and fracture toughness. The flow curves 

obtained from high temperature compression tests have shown initial work hardening, followed 

by a steady state regime indicating dynamic recovery with formation of low angle grain boundaries 

in the Nbss, as confirmed by electron backscattered diffraction. On isothermal exposure for 24 h, 

the ternary alloys have exhibited lower mass gain at 900 °C than the quaternary and quinary alloys, 

but the trend is reversed at 1100 °C and 1200 °C. Annealed samples with coarser microstructure 

has exhibited higher mass gain than that in as cast condition. The identified oxidation products are 

Nb2O5 and SiO2, with TiO2, TiNb2O7 and Ti2Nb10O29 being formed in the oxide scales of the 

Ti containing alloys, as well as ZrO2 and Ga2O3 formed additionally in Zr and Ga added alloys, 

respectively. Analysis of the oxidation kinetics suggests the occurrence of an initial interface-

reaction controlled rapid increase of mass, followed by a stage of parabolic behaviour, where 

diffusion of species through the oxide scale could be the rate-controlling. The as cast and annealed 

Nb-19Si-5Mo-20Ti alloy along with the Zr containing alloy has exhibited lower parabolic rate 

solubility and diffusivity due to solid solubility of Mo, Ti and Zr in the Nbss, along with formation 

of SiO2-rich oxide scale at the surface or sub-surface locations appears to have contributed to the 

oxidation resistance. 
 

Keywords: Nb–Si–Mo alloys; Intermetallics (silicides); alloying, arc-melting; annealing; 

microstructure; x-ray diffraction; scanning electron microscopy, transmission electron 

microscopy; elastic properties; hardness; fracture toughness; compressive deformation; isothermal 

oxidation; oxide scale, oxidation kinetics. 
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A self-propelled battery operated electric vertical conveyer reaper with a cutting width of 600 mm 

was designed and developed to overcome the difficulties such as noise and vibration associated 

with conventional internal combustion engine operated vertical conveyer reaper, rise in the price 

of fossil fuel and environmental pollution. The cutting width of the electric vertical conveyer 

reaper was decided following multi-objective optimization using genetic algorithm that minimized 

the power requirement and maximized the field capacity of the machine. A laboratory setup was 

developed simulating the cutting process of a vertical conveyer reaper in actual field condition to 

study power requirement for cutting paddy crop at different combinations of machine and crop 

parameters. Frictional torque and total maximum cutting torque required for cutting paddy crop at 

different combination of crop and machine parameters were measured with the developed 

laboratory setup from which frictional power, absolute maximum cutting power and total power 

required for cutting paddy stems were obtained. The specific cutting energy for paddy stems (IR 

36 variety) at an average moisture content of 71% was found to be varying between 0.025-0.075 

J/mm2. A mathematical model was developed to estimate the total power required for cutting 

paddy crop with a standard reciprocating cutterbar. This model was validated with both laboratory 

and field data. A good agreement was found between estimated and measured total power required 

by the header unit of electric reaper with a of 0.82 and average absolute variation of 14%. Based 

on the findings obtained from the multi-objective genetic algorithm carried out for the data 

obtained from the laboratory experiments, a prototype electric vertical conveyer reaper was 

developed with an overall dimension of 1970 × 988 × 1050 mm, total weight of 135 kg. 

Performance of the prototype and comparison with similar conventional vertical conveyer reaper 

having 1200 mm cutting width, were carried out in test fields having matured paddy crop with an 

average moisture content of grain and straw as 20-32% and 68-75%, respectively. The developed 

electric vertical conveyer reaper had average field capacity, cutting efficiency and field efficiency 

of 0.05 ha/h, 95% and 83.3%, respectively as compared to 0.18 ha/h, 98% and 75% with the 

conventional reaper. The maximum power required for cutting and conveying by the header unit 

and for propelling the electric vertical conveyer reaper in the paddy fields was observed to be 550 

W and 322 W, respectively. Once the batteries were fully charged, the electric vertical reaper 

worked effectively for 2 h without any power breakdown. Noise and vibration produced by the 

electric reaper during harvesting of paddy crops were measured to be 9.9 m/s2 and 88 dB(A), 

respectively. The hand vibration produced by the electric vertical conveyer reaper was 2 times 

lesser than that produced with conventional VCR. The cost of harvesting paddy crop with the 

developed E-VCR was found to be 1.7 times higher than that with the conventional IC engine 

operated VCR and 2.3 times lesser than manual harvesting. The developed reaper should harvest 

at least 3.26 ha of area per year to make the harvesting of paddy crop economical as compared to 

manual harvesting method. 
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Stability of underground working depends on geo-mechanical properties of rocks as well as 

geometrical and operational parameters of excavations. The primary objective is to optimize the 

loss of resource while ensuring the stability. The understanding of interaction dynamics between 

the parameters that control stability plays vital role in designing underground stopes and pillars. 

In this thesis, coupled FEM and fuzzy rulesbased rock engineering system (RES) is proposed for 

the evaluation of rib and crown pillar stability in underground hard rock mines. An extensive 

laboratory tests and field investigations have been carried out to determine the material properties 

of the ore body and waste rocks of a copper mine located in Madhya Pradesh, India. The estimated 

rock mass properties are applied for the analysis of finite element models of the underground 

excavations. A total of 243 elasto-plastic 3D numerical models are analyzed by varying attributes 

of five input (leading) variables namely rock mass strength, depth (insitu stress), height of 

excavation (stope inetrval), sequence of excavation with or without filling and crown pillar 

thickness. Average equivalent plastic strain (EPS), an inverse of safety factor, over two 

consecutive pillars is the target output variable indicating the stability of the excavated zone 

(stope)-pillar system. The results of the finite element analysis in terms of average equivalent 

plastic strain are plotted on the stability graph which demarcates "stable", "transition" and "failure" 

zones. It is found that EPS _ 0.06 to 0.07 denotes the boundary between "stable" and "transition" 

zone and EPS _ 0.09 to 0.1 represents the boundary between "transition" and "caved" zone. 

Relationships between EPS and input variables are also determined using multivariate regression 

analysis considering the interaction terms. It is found that interaction between the variables cannot 

be ignored as far as stability of rib and crown pillar is concerned. The study then focuses on the 

development of fuzzy rules-based RES and its implementation for evaluating underground pillar 

stability. Interaction matrix between the leading input variables are evaluated using fuzzy \IF-

THEN" rules considering the results of finite element models. The \cause-effect" plot of the 

variables are also determined for 4 general geo-mining conditions and 6 specific conditions of the 

mine sites. It shows that rock mass strength and in situ stresses are the most dominant factors in 

determining rib pillar stability. Geometric factors like stope interval and crown pillar thickness 

have secondary effect on pillar stability. Filling of stopes would be necessary if rock mass 

condition of ore body is weak. Vulnerability Index (V I) of rib pillars and a rib pillar stability index 

(RPSI) are formulated using cause and effect values. A relationship is determined between EPS 

and RPSI and shows that it decreases exponentially with increasing RPSI having R2 of 0.78. A  

MATLAB code is developed to take the values of leading 5 input variables of a geo-mining 

condition and to provide RPSI and EPS based on the proposed fuzzy rulesbased RES. The geo-

mining condition may then be declared as "stable", "transition" or "failure" depending on the EPS. 
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The present thesis is an endeavour to study and improve the grindability of Ti-6Al-4V employing 

an advanced single-layer electroplated superabrasive cBN wheel. The thesis comprises of (i) wear 

mechanism of electroplated cBN wheel in high speed grinding of titanium alloy and its effect on 

the surface integrity of the workpiece, (ii) ultrasonic assisted high speed grinding of titanium under 

different viscous fluids, (iii) high speed moderate depth grinding of titanium and a non-destructive 

method to measure the grinding-induced subsurface deformation depth, and (iv) finite element 

simulation of single-grit grinding of titanium. i) Single-layer electroplated cBN wheels offer 

improved grinding over conventional wheels. However, the grinding characteristics of the 

electroplated wheel change with the progression of wheel wear as dressing in the conventional 

sense is not conducted for them. Therefore, the wear mechanism of the electroplated cBN wheel 

and its effect on the grindability of Ti-6Al- 4V were attempted. Three different grinding speeds 

(20, 40 & 60 m/s) were employed under both water-based and oil-based fluids. Grit fracture was 

found to be the primary mode of wheel wear. An elaborate discussion on the mechanism of cBN 

grit fracture was presented. It was observed that thermal shock-induced fracture has a dominant 

effect on wheel wear, and because of this, water-based fluid provided 2-4 times higher radial wear 

than neat oil (up to 40 m/s). Due to lower radial wear, neat oil provided only 0-10% increase in 

grinding forces, 0-10% reduction in compressive residual stress, and almost maintained the same 

level of surface redeposition with the progression of wheel wear or cumulative material removal. 

On the other hand, water-based fluid yielded a 30-100% rise in grinding forces, 10-75% 

aggravation in residual stress (less compressive), and a higher level of surface redeposition.ii) The 

grinding fluid of different viscosity (lubricity) is likely to influence the gritworkpiece interaction 

under ultrasonic assisted grinding (UAG). Thus, the ultrasonic assisted grinding was undertaken 

using fluids of different viscosity (lubricity) to examine this hypothesis. Besides, the residual stress 

of the workpiece was also assessed for UAG. The high lubricious fluid provided less resistance to 

vibration transfer to the grinding zone, and consequently, the effective amplitude of vibration 

increased with an increase in lubricity of the fluids. This has governed the grinding scallop 

formation or surface generation significantly. Around 20-100% enhancement in compressive 

residual stress was noted under UAG of titanium depending on the grinding speed and fluid. The 

scallop characteristics were correlated with the residual stress improvement under UAG. iii) High 

speed grinding offers the dual benefit of an enhanced removal rate with improved product quality 

and electroplated cBN wheels are capable of running at high wheel speed. Therefore, grinding of 

Ti-6Al-4V up to a high wheel speed of 90 m/s at moderate depth was attempted using an 

electroplated cBN wheel. The metallographic study revealed a considerable amount of subsurface 

deformation at a higher wheel speed (90 m/s) and higher removal rate. The X-ray diffraction result 

indicated deformation-induced texturing of the 002 basal plane of the hexagonal alpha phase of 
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Ti-6Al-4V. The gradual reduction in such texturing along the depth was confirmed by the Gi-XRD 

investigation. Two quantitative parameters were identified, i) the relative intensity of the 002 peak, 

and ii) the normal to tangential force ratio to represent the degree of subsurface deformation. The 

present work proposed a non-destructive methodology to detect and measure subsurface 

deformation using Grazing incidence X-ray diffraction (Gi-XRD). The non-destructively 

evaluated deform layer thickness was verified against the results of the metallographic study and 

a deviation of around 1.2 μm was recorded. This method was used to estimate the deform layer 

thickness of all the high speed moderate depth grinding samples. iv) The 3D single-grit grinding 

simulation of titanium was attempted to develop an in-depth understanding of the grinding 

mechanism. Different modes of material removal were identified using the simulation. Initially, a 

pure ploughing phase was found where no material removal occurred. The material removal 

regime was further subdivided into two phases, dominated ploughing + cutting (pdc), and 

ploughing + dominated cutting (pcd). A clear transition from pure ploughing to ploughing + cutting 

regime (pdc + pcd) was distinctly captured with the help of force, force ratio, and groove 

characteristics. The material pile-up ratio was calculated, and a high ratio was noticed during the 

pure ploughing. The effect of edge radius, rake angle and grinding speed on the mechanism of 

grinding were investigated. The specific grinding energy and residual stress of single-grit 

simulation results were compared against the mesoscale actual grinding process. Though the 

simulation results deviated from the experimental results in magnitude, it captured the trend of 

variation of specific grinding energy and residual stress with grinding speed nicely. 

 

Keywords: high speed grinding of Ti-6Al-4V; electroplated cBN wheel; finite element simulation 

of single-grit grinding; non-destructive technique for deformation layer. 
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This dissertation focuses on numerical studies exploring the lattice Boltzmann method (LBM) for 

investigating pool boiling process and different means of enhancements including surface 

modifications, inclusion of porous matrix and introduction of induced vibrations in the liquid pool. 

The first study is conducted to examine the pool boiling heat transfer from a surface with 

protrusions using a single component pseudo-potential phase change model of LBM. The surface 

protrusions are assumed to be rectangular in shape with a given height and width. The effects of 

the protrusion height, width, shape, and thermal property on surface heat flux have been 

investigated in order to arrive at an optimal design for maximum heat transfer. Spatial and temporal 

averaged heat flux from all these protruding surfaces are found to be 3 to 4 times higher than that 

of a plane surface. Nucleation of more bubbles and their earlier departure are considered to be 

reasons for such higher surface heat flux.  

The next study investigates the enhancement of pool boiling heat transfer inside a solid cylinder 

array representing an idealized/regular porous medium. The array has been conceptualized by 

placing square shaped solid structure inside the pool of liquid. The same numerical technique is 

used with an improved temperature distribution function and source term. The entire saturated pool 

boiling curve for the flat surface comprising different nucleate boiling regimes from boiling 

incipience (BI) to critical heat flux (CHF), transition boiling regime between CHF to Leidenfrost 

point (LP) and the film boiling regime is obtained numerically. The effect of the solid cylinder 

array is quantitatively evaluated and expressed in the form of its corresponding boiling curve. It is 

found that the boiling incipience in presence of solid cylinder array occurs at a lower surface 

superheat compared to that of a plane surface. Further, the solid array effectively delays the onset 

of film boiling. Qualitative analysis of the pool boiling phenomenon shows the bubble dynamics 

in such solid structure including bubble nucleation, coalescence, growth, entrapment, splitting and 

escape to be very different compared to a flat surface. Finally, two different cylinder arrays of 

porosity 90% and 98% are studied to examine the effect of porosity. The sensitivity of the heat 

transfer rates on porosity is found to be significant especially at higher values of surface superheat.  

In the final study, we have used a single component multiphase multiple relaxation time (MRT) 

based lattice Boltzmann method (LBM) to study the effect of induced vibrations in a liquid pool 

for enhancement of pool boiling heat transfer. The ebullition cycle of bubble from a single and 

multiple nucleation sites with different nucleation densities are modelled in a liquid pool in 

quiescent condition (SQ) and in fluid motion with aid of the moving solid boundaries (SMSB), in 

periodic motion with a particular frequency (𝑓𝑀𝑆𝐵∗) and amplitude(𝐴𝑀𝑆𝐵∗). The numerical 

results throw an insight into the bubble dynamics, viz. nucleation, growth and departure in both of 

these media. It is found that the induced vibrations in the liquid pool leads to a higher growth rate 

and bubble departure frequency (𝑓∗) due to additional forces acting on the bubble that facilitates 
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its growth and early detachment. This results in a higher heat flux in SMSB for a given surface 

superheat. The evolution of the bubble and its shape with time (t*) is represented by the area-

equivalent bubble diameter (𝐷𝑒∗) and height (ℎ∗). A force balance analysis on the bubble is 

conducted to explain the growth rate and shape evolution for both SQ and SMSB. A sensitivity 

study of the induced frequency (𝑓𝑀𝑆𝐵∗) and amplitude (𝐴𝑀𝑆𝐵∗) of the MSBs show that the 

bubble departure frequency (𝑓∗) increases to a maximum value, and then decreases with 

continuous increase in both 𝑓𝑀𝑆𝐵∗ and 𝐴𝑀𝑆𝐵∗. Subsequently, another sensitivity study is 

conducted to investigate the effects of unequal sizes of nucleation sites, unequal surface superheat 

(𝐽𝑎), distance between the nucleation sites and surface wettability. In all these cases, the SMSB 

was found to exhibit improved heat transfer due to faster nucleation and growth of bubbles. The 

sizes of the bubbles are impacted by the size of nucleation site as well as surface superheat. For a 

given surface superheat (𝐽𝑎) and configuration of nucleation sites, 𝑓∗ is found to reduce after a 

threshold value of wetting angle (𝜃∗) in SQ while the same reaches maxima in SMSB before 

coming down. It was further observed that if the hydrophobicity of the surface is increased from 

𝜃∗=1.0 to 1.1 in SMSB, 𝑓∗ remains high till a threshold 𝐽𝑎 beyond which it reduces drastically 

due to higher rate of generation compared to detachment. 
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A number of aspects related to the activation of H2 are probed in the present thesis. In addition, 

hydrogenation of CO2 mediated by a frustrated Lewis pair (FLP) and the mechanism of FLP 

mediated ethylene and C-F bond activation are explored by using several quantum chemical 

calculations. The thesis is segregated into six chapters. Chapter 1 provides a brief introduction to 

the chemistry of FLP along with a historical context. In addition, an overview of theoretical and 

computational methods used in this thesis are provided in this chapter. In chapter 2 the effect of 

aromaticity in enhancing the H2 activation efficiency of an FLP system is demonstrated. Nucleus 

independent chemical shift (NICS) is calculated, which demonstrates that the antiaromatic 

character of the rings in the FLPs is remarkably reduced as a result of H2 activation. Chapter 3 

demonstrates the role of boron-ligand cooperation (BLC) in activating molecular hydrogen. The 

B-X bonds (X = O, N and S) present in the FLPs play a crucial role in facilitating the H2 activation, 

where it gets changed from B+-X- type of interaction in FLP to B←X dative bond as a result of 

H2 activation. The transformation of B-X bonding nature is confirmed by Wiberg bond index 

(WBI), energy decomposition (EDA-NOCV) and aromaticity analyses. In addition, the ability of 

the studied FLP systems to act as hydrogenation catalysts is elucidated by studying the 

hydrogenation of CO2 to yield formic acid. A computational design of the hydrogenation of CO2 

by a B/N FLP is demonstrated in Chapter 4. Formic acid might be formed in two possible pathways 

as revealed by this study. In one way the LB center of the FLP activates H2 and the LA center 

activates CO2 simultaneously in the first step of the reaction. Alternatively, the LB center of the 

FLP activates CO2 and the LA center activates H2 simultaneously. Chapter 5 provides the 

activation of ethylene, cyanoethylene and propylene by a bridged P/B FLP species. All the 

reactions take place through concerted addition of both the Lewis centers to the C=C bond of the 

alkenes as confirmed by WBI and electron density analyses at the TSs. Chapter 6 is devoted to the 

C-F bond activation in 1-fluorobutane, 1, 1- difluorobutane and 1, 1, 1-trifluorobutane by two 

different FLP systems, lutidine/B(C6F5)3 and lutidine/Al(C6F5). Thermodynamics and kinetics 

of the reactions reveal that the concerned bond activation mediated by the Al(C6F5)3/lutidine FLP 

is more favourable than the analogous reactions mediated by the B(C6F5)3/lutidine pair. The 

EDA-NOCV study and the WBI calculation reveal that the C-F bond activation takes place by 

cooperative action of the FLP partners. 

 

Keywords: Frustrated Lewis pair, Aromaticity, H2 activation, Reaction mechanism 
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In the current study, harvesting energy from the airflow is achieved by using the galloping 

instability in the prismatic structures with the help of piezoelectric material. A geometrically non-

linear distributed parameter model has been developed for galloping based piezoelectric energy 

harvesters (GPEH) and validated by using experimental data from the literature. The transverse 

force involved with galloping is modeled by using quasi-steady aerodynamic theory and 

represented by the polynomial function of angle of attack. It is seen that the order of polynomial 

governs the type of bifurcation and the stability of the dynamic system. It is also found that a 

minimum 7th order polynomial is needed to predict the system response accurately. An artificial 

neural network (ANN) based approach is proposed to improve the accuracy and avoid the 

nonlinearity involved with 7th order polynomial in calculating the galloping force. A robust 

numerical approach is needed to handle large nonlinearities involved with aerodynamic force. 

Therefore, a finite element (FE) model is developed considering both geometric linearity and 

nonlinearity. The coupled FE system equations are solved by using the code generated in the 

MATLAB environment. The geometrical nonlinearity is found to be insignificant and the linear 

model is sufficient to predict the system output accurately. Further, the effects of vertical 

inclination of the square prism on the performance of the energy harvester are investigated by 

using the proposed FE model. Furthermore, stochastic analysis is carried out by using Monte Carlo 

simulation (MCS) and polynomial neural network (PNN) to find the effects of uncertainty in 

system parameters (Aerodynamic, Mechanical, Electrical, Electromechanical) on the electrical 

power output. The accuracy and adaptability of the PNN model are established by comparing the 

results with the Monte Carlo simulation (MCS). A sensitivity analysis has also been conducted to 

find the influence of individual and combined input parameters on the power output. Finally, an 

experimental setup is prepared to demonstrate the concept of energy harvesting using GPEH 

system. An electronic circuit is proposed to charge the cell phone battery using the power output 

from the energy harvester. 

 

Keywords: Energy harvesting, Nonlinear dynamics, Finite element modeling, Galloping, 

iezoelectricity.  
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Due to the growing industrialization and urbanization worldwide in the last few decades, the 

requirement of constructing structures like high-rise buildings, industrial chimneys, transmission 

towers, bridges, etc., has increased significantly. Conventional pile foundations with constant 

cross-section have been widely used in such structures. Under extreme cases (such as storm, 

earthquake, scour, etc.), failures of conventional uniform cross-section piles have been reported in 

the past. In such circumstances, piles with a variable cross-section may perform better than the 

uniform cross-section pile. Under-reamed pile is one of such piles in which one or more enlarged 

cross-sections (also called bulbs) are present. Under-reamed piles can be used against 

compression, tension, and lateral loading or when all of these loadings act together (in high-rise 

structures). Construction of under-reamed piles is generally preferred in clayey soils because of 

the stability issue and proper formation of bulbs. Many researchers have studied the response of 

under-reamed piles in clayey soils, but most of these studies were case-specific. Also, limited 

studies have been conducted on the response of under-reamed piles in nonhomogeneous clay. 

Therefore, it is intended to study the response of under-reamed piles in such type of clay. Two 

types of nonhomogeneous clayey soils (1) clay with linearly increasing undrained cohesion and 

(2) soft clay underlaid by stiff clay are considered. These types of clayey soils exist in many places. 

Response of under-reamed pile foundations under various static loading conditions such as 

compression, tension, and lateral loading is investigated numerically. Two types of numerical 

techniques, namely, lower bound finite element limit analysis and FLAC3D (Fast Lagrangian 

Analysis of Continua in Three Dimensions), are used. Under axial compression and tension, due 

to the rotational symmetry about the centre line of the pile, a two-dimensional axisymmetric 

analysis is carried out by using lower bound finite element limit analysis. In case of lateral loading, 

since the two-dimensional axisymmetric analysis cannot be performed, a three-dimensional 

analysis is carried out using FLAC3D. Unlike the case of homogeneous clay, in nonhomogeneous 

clay, the bearing and uplift capacities of under-reamed piles are found to be affected by the bulb 

position and bulb spacing (in case of two bulbs). The bearing and uplift capacities of under-reamed 

piles are found to increase significantly with increases in the number of bulbs and the rate of 

increase in undrained cohesion. Under axial tension, two types of pile-soil interface are considered: 

(1) fully bonded and (2) immediate breakaway at the pile base and bottom surface of the lowest 

bulb. For the immediate breakaway condition, the uplift capacity is found to reduce drastically due 

to the pile-soil separation. In case of soft clay underlaid by stiff clay, the bearing and uplift 

capacities are found to increase remarkably when the bulb is placed in the stiff clay. The bearing 

and uplift capacities are found to increase with an increase in the ratio of the undrained cohesion 

of stiff to soft clay. Load sharing and failure mechanisms of the under-reamed pile in 

nonhomogeneous clay are also studied from axial force distribution, variation of radial stress along 
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the pile-soil interface, and proximity of the state of stress to the yield. The lateral load-carrying 

capacity is found to increase with an increase in the bulb distance from the base, a decrease in the 

bulb spacing, and an increase in the rate of increase of undrained cohesion. Deflection in the 

underreamed pile is found to reduce remarkably when the bulb is placed near the ground surface. 

Shear force and bending moment in the under-reamed pile are found to increase at the location of 

the bulbs owing to higher cross-sectional area and higher moment of inertia. The failure 

mechanism under lateral loading is studied through displacement contours and induced stresses in 

front of the pile. From the previous studies, it is realized that scour is one of the major causes of 

pile foundation failure in bridges and other water-borne structures. In scour conditions, the load-

carrying capacity of the pile foundation reduces due to the removal of soil around the pile. 

According to various international standards, underreamed piles can be used in scour conditions 

for a higher capacity. However, hardly any detailed studies are available on the response of under-

reamed piles in scour conditions. Therefore, it is intended to study the response of under-reamed 

piles in clayey soil under scour conditions, subjected to compression, tension, and lateral loading. 

The bearing, uplift, and lateral load-carrying capacities of under-reamed piles are found to decrease 

remarkably with an increase in the scour-hole depth. For a given scour-hole depth, the bearing, 

uplift, and lateral load-carrying capacities of the underreamed pile are considerably higher than 

the pile without bulb. Pile head deflection under lateral loading is found to reduce significantly 

when the bulb is placed near the scour-hole. At a given applied load, the maximum bending 

moment and the maximum negative shear force (i.e., shear force opposite to the loading) are found 

to increase remarkably with an increase in the scour-hole depth. Moreover, the bearing, uplift, and 

lateral load-carrying capacities of under-reamed piles are found to decrease when the effect of 

stress history is considered. In scour conditions, the failure mechanism of the under-reamed pile 

under different loading is studied from displacement contours, displacement vectors, and induced 

stresses around the pile. 

 
Keywords: Under-reamed pile; Clayey soil; Lower bound finite element limit analysis; FLAC3D; 

Compression; Tension; Lateral loading; Scour; Failure mechanism 
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Single-use plastics (SUP) have been one of the chief contributors to the global plastic waste 

problem due to their low product life span and technoeconomic complexities in their recycling. 

The inherent advantages of co-pyrolysis in recovering value added by-products from plastic waste 

makes it an economically environmentally viable process. In the current research, the prospects of 

the char composite recovered from the co-pyrolysis of Eucalyptus biomass (EuBm) and single-use 

plastics (Polystyrene (PS), Low density polyethylene (LDPE)) as a soil amender in mine soil 

reclamation and as a co-supplement in olericulture are explored. It was observed that the inhibitory 

effect of liquefied plastic coating has resulted in the formation of an energy dense char composites 

suitable for fuel applications. However, at temperatures above the degradation of plastics, the 

synergistic effect between the feeds during co-pyrolysis has resulted in the formation of a dense, 

carbonaceous, and ash-rich char composite suitable for application in soil amendment. The 

physicochemical characteristics of SUP-EuBm char composites depicting for its best properties as 

soil amender like plant extractable nutrient concentrations, electric conductivity, cation exchange 

capacity, were observed to be highest at temperatures around 400 °C (PS), 500 °C (LDPE). Apart 

from temperature, the influence of other process parameters (residence time, and proportion of 

feed) also had a significant influence on the char’s characteristics. The optimized process 

parameters of 415 °C – 125 minutes - 0.325 (w/w) (PS), 510 °C – 119 minutes - 0.32 (w/w) (LDPE) 

were determined through multiple regression modelling. The life cycle assessment of the 

production of chars revealed the combustion unit to have most prominent of environmental 

hazards, which could be attributed to the flue gas emissions. Moreover, in comparison to biochar 

produced from biomass pyrolysis, char composites had higher environmental impacts due to their 

relatively lower product yields and higher pyrolytic gaseous emissions, Also, the life cycle costing 

(LCC) depicted a negative net LCC for BC (₹ –2.26 lakh) as compared to the positive net LCCs 

(BP: ₹ 5.3 lakh; BL: ₹ 5.45 lakh) of char composites. With a potential technological shift like 

replacing combustion with electricity and recovery of liquid and gaseous by-products from the 

process, the economic and environmental sustainability of the process could be improved. Further, 

the potential utility of optimized char composites has been tested in olericulture and coal mine 

dump reclamation using controlled pot culture and field studies. The positive implications of char 

composites application for olericulture have been depicted through improved plant growth, plant 

productivity, and fruit quality in bell pepper and tomato species with the co-application of chars 

and organic fertilizers. This could be attributed to the improved nutrient retentivity against 

leaching and nutrient use efficiency as observed with the leaching column experiment. The highest 

improvements of 84 -112 % in plant productivities as compared to application of organic fertilizer 

alone and 198 – 238 % as compared to the non- supplemented soil were observed with the 
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integrated application of manure and single-use char composites (10 t/ha-1). On the other hand, 

application of char composites in mine soil reclamation in addition to phytoremediation was found 

to substantially improved the immobilization of toxic heavy metals in the soil. The pot culture and 

field studies determining the effects of char application rate, type of chars, and the addition of 

topsoil to remediate contaminated mine dump soil revealed an improved soil fertility index (270 – 

495 %.) with the addition of chars and improved remediation with topsoil addition and rate of 

application of char. Along with the increase in total heavy metal contents in the soil with char 

application rate, there were significant reductions in the metal concentrations in plant root and 

shoots. These are representative of the higher immobilization of these metals and reduced 

bioavailability and phytoavailability in the soil. So, the recovery of char composites from co-

pyrolysis and its application in the fields of mine soil reclamation and olericulture could be 

sustainable techniques of plastic waste management, while solving the challenges associated with 

sustainable agriculture and surface mining.  

 

Keywords: Co-pyrolysis, Char composite, Mine soil reclamation, Sustainable agriculture, and 

Life cycle assessment 
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The mega river basins in South Asia are facing extreme stress due to exponentially increasing 

urbanization, unprecedented groundwater abstraction, changing hydroclimatic extremities and 

increasing pollution thus risking long-term availability of sustainable water. Presently Ganges 

river basin, the 6th largest prolific fluvial system and sustaining a huge population, is witnessed to 

face i) aquifer vulnerability through surface waterborne pollutants and ii) groundwater stress due 

to summer drying of river as a result of indiscriminate groundwater abstraction. This study is one 

of the first in South Asia that deals with a multidimensional approach on river water-groundwater 

interaction and its hydrodynamics on both temporal and spatial scales. This study aims to delineate 

the groundwater-river water interaction and potential groundwater pollution pathways in the 

Central Gangetic aquifer system, using an enriched high-resolution primary dataset distributed 

spatially and on a sub-hourly scale, through various statistical analyses, computations, and 

modelings. In the studied region, Varanasi, the groundwater contribution to the river baseflow 

during dry season reaches a maximum of 25-30% when the river acts as gaining stream, whereas 

during monsoon the river water infiltrates into the adjacent aquifer thus transforming into a losing 

stream. Impermeable clay capping throughout the Varanasi aquifer system restricts direct surface 

infiltration. A major part of groundwater storage in the study area is dependent on the river 

infiltration during monsoon. The deeper aquifer and the northwestern part of Varanasi show 

signatures of disconnected aquifer systems. Pressure head propagation is observed up to almost 8 

km inland in shallow aquifer having a time lag with increasing distance thus exhibiting proper 

river-aquifer connectivity. The aquifer sediments consist of both Himalayan-derived and cratonic-

derived deposits. Sediment-groundwater interaction is one of the major processes controlling 

groundwater chemistry. Groundwater-river water interaction process is majorly responsible for the 

groundwater quality deterioration besides surface water infiltration from irrigational/sewage 

canals and municipal disposal sites. The aquifer underlying Varanasi is although safe from 

geogenic pollution has high susceptibility towards anthropogenic pollution. Implementation of 

proper water management policies can secure the aquifer from extreme vulnerability and provide 

long-term sustainable water for the residing population. 
 

Keywords: River water-groundwater interaction; Ganges River; Varanasi; Groundwater 

evolution; Urban hydrology; Aquifer vulnerability 
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This thesis aims to develop a bromobutyl (BIIR) based rubber blend nanocomposite which 

contains nanofillers or nanofillers combinations for achieving a high air impermeability for various 

barrier applications. The blends of BIIR with various elastomers such as epoxidized natural rubber 

(ENR) and hydrogenated acrylonitrile butadiene rubber (HNBR) were developed and both blend 

based composites were reinforced with different nanofillers combinations for enhancing the air 

impermeability. The influence of various rubber blends on the development hybrid nanostructures 

and its structure-property relationship was investigated. All the rubber nanocomposites were 

prepared by using industrially accepted simple melt mixing process. The developed rubber 

nanocomposites were characterized for rheological, mechanical, and barrier properties. Blends of 

BIIR with ENR 25 and ENR 50 (epoxidized natural rubber with 25 and 50 % epoxidation 

respectively) were prepared and characterized for physical as well as barrier properties. There after 

the developed blends where reinforced with platelet type graphene nanoplatelets (GNP) by 

replacing a part of carbon black and investigate the influence of epoxidation level on the dispersion 

of GNP. The influence of epoxidation for the formation of nanostructures in both blends have 

evaluated using FT-IR studies and TEM photomicrographs revel the formation of microstructures 

in BIIR-ENR 50 blend based GNP nanocomposites and the same composite shows improved air 

impermeability compared to BIIR-ENR 25 blend based composites. We investigated the effect of 

hybrid nanofillers systems such as GNP-Graphene oxide, GNP - Nanoclay, GNP - Nanosilica on 

the dispersion in BIIR-ENR 50 blends and studied with special reference to barrier properties. The 

AFM and TEM images shows that the composite contain hybrid nanofillers system gives a better 

dispersion pattern compared to the composite contain only GNP. Dispersion of nanofillers is 

pivotal in enhancing the physical as well as barrier properties of the nanocomposites. With the 

introduction of hybrid nanofillers systems an enhanced mechanical as well as barrier properties 

were obtained for BIIR-ENR 50 based nanocomposites. The replacement of carbon black with 

other nanofillers helps to develop a sustainable rubber product with less dependency on petroleum 

industries. The effect of carbon black structure on the permeability properties were investigated in 

developed BIIR-ENR 50 blends using three different carbon blacks with different di butyl 

phthalate (DBP) value. In tyre industries, general-purpose furnace black (GPF N660) with a 

particle size ranging from 40 to 50 nm is generally used for improving the mechanical properties 

of the tyre inner-liner. We focus both on the relation between the carbon black structure on 

dispersion and barrier properties in the BIIR-ENR 50 rubber blend. It is noticed that there is a 

reduction in the air loss for the developed BIIR-ENR 50 composites with low structured carbon 

black. High performance, cost-effective BIIR-HNBR rubber blends were also developed for 

various barrier applications. Extensive insight on the effect of various types of nanoclays and its 

structure-property relationship in the rubber blend based nanocomposites were analysed 

systematically. The presence of layered silicates in BIIR-HNBR rubber blend reduces the air 
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permeability drastically. In a nutshell, rubber nanocomposites with improved permeability as well 

as physical properties were developed which can be used in various barrier applications such as 

tyre inner liners, tubes, and membranes.  

 

Keywords: BIIR, ENR, HNBR, Blends, Nanocomposites, Hybrid Nanostructures, TEM, AFM, 

Morphology, Air permeability, Barrier Applications 
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Metallic glasses (MGs) are energetically metastable and can posses a series of lower energy state 

depending on the state of pressure, temperature and stress. The nature of etastability deviates MGs 

from its ideal state, as the lowest possible energy state of MGs refers to the ideal glass, and 

naturally prepared MGs refers to the true glass. Each state of MGs is linked with the specific glass 

transition temperature (Tg). In the thesis, the Tg and super-cooled liquid region (ΔTx) of 

Zr55Cu30Ni5Al10 MG ribbon and bulk glassy plate have been measured using conventional and 

step-scan modulated temperature differential scanning calorimeter (MTDSC). A wide variation of 

Tg (±14.8 K) and ΔTx (±18.5 K) have been estimated using conventional DSC at a heating rate of 

5−400 K/min in the present study as well the data reported in the literature. It has been shown that 

the Tg can be precisely (±1.5 K) measured using step-scan MTDSC from the reversible heat flow 

curve, which excludes the structural relaxation near to glass transition. Similarly, the onset of the 

glass transition (Tg onset) and crystallization (Tx) temperatures of Zr47.5Cu47.5Al5 and 

Zr41.2Ti13.8Cu12.5Ni10Be22.5 (Vitreloy-1) bulk metallic glasses (BMGs) were investigated 

using conventional differential scanning calorimeter (DSC) and step-scan MTDSC. A large scatter 

of the Tg onset values with error of ±6.9 K for Zr47.5Cu47.5Al5 and ±8.0 K for Vitreloy-1 have 

been observed, at a heating rate of 20 K/min using conventional DSC. Such variation is linked 

with the variation of the enthalpy change of the respective MG up to different extent prior to the 

glass transition. The present investigation shows that the Tg onset values can be accurately 

estimated from the reversible heat flow curve with an error of ±0.6 K using step-scan MTDSC 

analysis. Moreover, the tuning of the Tg in Zr55Cu30Ni5Al10 MG by rolling at room temperature 

has been investigated. The precise thermo-analytical measurements using step-scan MTDSC 

revealed a decrease of Tg by 16.9 K in ribbons and 7.1 K in bulk glassy plates upon 40% and 70% 

thickness reduction, respectively. The cold rolled plates exhibit higher yield strength up to σy = 

1.66 GPa and larger plastic strain (εp = 8.0%) before failure than that of ascast plates (σy = 1.45 

GPa). Transmission electron microscopy and DSC studies suggest that a relaxed structure has 

evolved due to the deformation induced structural change upon rolling, which reduces the 

activation energy of the shear transformation zone and improves the inherent plasticity of the 

glassy phase. Furthermore, the vitreous alloys exhibit a change in the configuration as well as 

specific heat capacity (Cp) at the characteristic Tg. A specific configuration is linked with the 

stability of the glassy phase, Tg, its strength, and thus internal pressure. A large number of metallic 

glasses were rolled at room temperature to introduce configurational changes and the variation of 

Tg, ΔCp at Tg, configurational entropy (ΔSconf.), pressure coefficient of Tg (dTg/dP), and bending 

strength were measured to establish the configurationdependent pressure coefficient. The results 

show the pressure-configuration interplay in MGs/BMGs and a new avenue to tune Tg by rolling 

at room temperature, and to classify in terms of ΔCp and dTg/dP. 
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Magnetic skyrmion (Sk) is a topologically protected stable spin texture. It has created a promising 

impact on modern information technology because of its small size and low power consumption. 

In this thesis, we have studied 1) skyrmion's and its close cousins' such as antiskyrmion and meron 

prople of the direction of magnetization, 2) the dynamics of these quasiparticle like structures in 

the form of their Hall effect when electrical current is applied, and 3) we have proposed a model 

Hamiltonian for the exchange interaction and simulate it along with other relevant interactions to 

show that the model can potentially stabilize skyrmions even for thin films made with 

centrosymmetric materials. Using Euler equation for the polar angle of magnetization, we obtain 

an approximate closed-form solution of a Sk and a meron in terms of their respective characteristic 

length scales. We show that the relevant length scale for these solutions primarily depend on the 

ratio of the strengths of the magnetic field and magnetic anisotropy with the Dzyaloshinskii-

Moriya interaction (DMI) respectively. We have made an estimation of the radius of a Sk that 

shows an excellent agreement of its magnetic field dependence with experiments. An anisotropic 

DMI suitable for thin films made with Cnv symmetric materials is found to stabilize antiskyrmion 

and antimeron, which are prototypical for D2d symmetric systems, depending on the degree of 

anisotropy. We obtain phase diagram by comparing the energies of various collinear and non-

collinear competing phases. Based on our approximate above mentioned closed-form solution, we 

find by solving Thiele equation suitable for unchanged shape of the skyrmions that the Hall angle 

of a Sk or a meron does not depend on the relevant length scale and input current density. Due to 

their transverse motion arising from the skyrmion- Hall effect, they soon arrive at the boundary of 

a channel and their spin-textures get destroyed. We propose an experimental setup by which the 

transverse motion of a Sk can be restricted so that the Sk can only move longitudinally. We 

introduce a biquadratic term with usual bilinear ferromagnetic nearest neighbor exchange 

interaction. In our model, the energy of the spin-wave mode minimizes at a finite wavevector for 

a vanishingly small DMI, supporting a ground state with spin spiral structure whose pitch length 

is unusually short as found in some of the experiments. We have performed Monte Carlo 

simulation of the model Hamiltonian and we find nanoscale Sks at vanishingly small DMI for the 

first time in a theoretical model. This model provides the nanoscale Sks of unit topological charge 

at zero magnetic field as well. We obtain a phase diagram for various noncolinear magnetic 

structures including isolated skyrmions, skyrmion lattice and meron lattice in the parameter space. 

 

Keywords: Skyrmion, Antiskyrmion, Meron, Dzyalishinskii-Moriya Interaction, Biqudratic 

exchange interaction, Thiele equation, Monte Carlo simulation. 
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Magnetic skyrmion (Sk) is a topologically protected stable spin texture. It has created a promising 

impact on modern information technology because of its small size and low power consumption. 

In this thesis, we have studied 1) skyrmion's and its close cousins' such as antiskyrmion and meron 

prople of the direction of magnetization, 2) the dynamics of these quasiparticle like structures in 

the form of their Hall effect when electrical current is applied, and 3) we have proposed a model 

Hamiltonian for the exchange interaction and simulate it along with other relevant interactions to 

show that the model can potentially stabilize skyrmions even for thin films made with 

centrosymmetric materials. Using Euler equation for the polar angle of magnetization, we obtain 

an approximate closed-form solution of a Sk and a meron in terms of their respective characteristic 

length scales. We show that the relevant length scale for these solutions primarily depend on the 

ratio of the strengths of the magnetic field and magnetic anisotropy with the Dzyaloshinskii-

Moriya interaction (DMI) respectively. We have made an estimation of the radius of a Sk that 

shows an excellent agreement of its magnetic field dependence with experiments. An anisotropic 

DMI suitable for thin films made with Cnv symmetric materials is found to stabilize antiskyrmion 

and antimeron, which are prototypical for D2d symmetric systems, depending on the degree of 

anisotropy. We obtain phase diagram by comparing the energies of various collinear and non-

collinear competing phases. Based on our approximate above mentioned closed-form solution, we 

find by solving Thiele equation suitable for unchanged shape of the skyrmions that the Hall angle 

of a Sk or a meron does not depend on the relevant length scale and input current density. Due to 

their transverse motion arising from the skyrmion- Hall effect, they soon arrive at the boundary of 

a channel and their spin-textures get destroyed. We propose an experimental setup by which the 

transverse motion of a Sk can be restricted so that the Sk can only move longitudinally. We 

introduce a biquadratic term with usual bilinear ferromagnetic nearest neighbor exchange 

interaction. In our model, the energy of the spin-wave mode minimizes at a finite wavevector for 

a vanishingly small DMI, supporting a ground state with spin spiral structure whose pitch length 

is unusually short as found in some of the experiments. We have performed Monte Carlo 

simulation of the model Hamiltonian and we find nanoscale Sks at vanishingly small DMI for the 

first time in a theoretical model. This model provides the nanoscale Sks of unit topological charge 

at zero magnetic field as well. We obtain a phase diagram for various noncolinear magnetic 

structures including isolated skyrmions, skyrmion lattice and meron lattice in the parameter space. 

 

Keywords: Skyrmion, Antiskyrmion, Meron, Dzyalishinskii-Moriya Interaction, Biqudratic 

exchange interaction, Thiele equation, Monte Carlo simulation. 
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Multinuclear coordination aggregates involving transition and lanthanide metal ions has huge 

interests to the synthetic chemists because of their multifunctional property in several areas, e.g., 

single-molecule magnetism, magnetic cooler, spintronics, quantum computing, catalysis, 

mimicking enzymatic activities and biophysical properties. Use of bigger lanthanide ions in 

conjunction with smaller transition metal ions in studying the coordination reactivity of 

multidentate ligand anions lead to many new courses of aggregations. The presence of lanthanide 

ions within the aggregate is interesting because of their high magnetic moment and magnetic 

anisotropy, a major component for high multinuclear mixed metal ion SMMs. Incorporation of 

both 3d and 4f ions within the same aggregate usually minimize the 4f-4f dipolar interaction which 

minimize the chance of quantum tunneling of magnetization and the exchange interaction between 

these two metal ions often helps in the slow relaxation of the magnetic dynamics. Choice of 

ligands, designed following the HSAB concept, having pockets for selective coordination of 3d 

and 4f ions are crucial for synthesizing the newer motifs of 3d-4f complexes. Schiff base ligands 

with phenoxido backbone is crucial for assembling multiple metal ions in varying network 

structures. The flexible side arm with bridging alkoxido groups and different in-situ generated or 

externally added bridging anions such as, HO–, MeO–, RCO2–, Cl–, SCN–, NO3– play an 

important role in connecting the ligand bound MLnL (M = 3d and Ln = 4f ions) type fragments. 

Maneuvering the reaction protocol from choice of ligand, reaction stoichiometry, optimization of 

the nature of chosen solvents, pH of the final reaction mixture and reaction condition are 

individually important to obtain the reaction products and the crystallization processes. In this 

work one thioether based Schiff base (H2L1) and three other Schiff bases H2L2, H2L3 and H2L4 

having N,O donors have been used along with ancillary bridges to yield new and fascinating 

examples of molecular coordination aggregates. The role of the bridging chlorido and 

isothiocyanato linkers were examined for the defined growth of the molecular cores and SMM 

behavior by modulating the isotropic exchange for two types of Ni4Ln2 complexes. In situ 

production of right numbers of Ln−OH units for aggregation reactions to proceed were 

thoughtfully exploited within a family of Ni5Ln3 complexes. Another interesting series of Ni4Ln2 

complexes was obtained from direct reaction and modified to Ni2Mn2Ln2 series. Detailed 

magnetic study using micro-SQUID confirmed the SMM property for Ni4Dy2 analogue. Two 

different, ‘hourglass’ shaped Ni6Gd2 and ‘candy’ shaped Ni6Dy2 motifs, were synthesized by 

fine tuning of the similar reaction conditions. Variable temperature magnetic susceptibility study 

confirms slow relaxation for the DyIII analogue in this series. In another study, a group of 

tetranuclear ‘butterfly’ shaped Ni2Ln2 complexes were synthesized and characterized in detail. 

The experimentally obtained magnetic susceptibility data for all the different series were well 

justified using DFT and CASSCF based calculations.  
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Rapid globalization results in proliferation of alternative energy sources and high-performance 

energy storage devices. On the other hand, the advancement in energy technologies creates an 

adverse effect on mankind through severe electromagnetic pollution. In this regard, the present 

thesis focuses on developing various carbonaceous nanocomposites based on transition metal 

sulfides and transition metal oxides as supercapacitors and EMI (electromagnetic interference) 

shields/microwave absorbers. The choice of transitional metal sulfides and transition metal oxides 

is guided by their tunable band gaps, variable morphologies, oxidation states, applicability in the 

wide frequency range, quantumsized effect, and high specific capacitance. In our present work, 

reduced graphene oxide (RGO) and multiwalled carbon nanotube (MWCNT) are used as the 

carbonaceous components due to their high electrical conductivity, lightweight, high surface area 

and excellent chemical and mechanical stability. In view of this, bismuth sulfide (Bi2S3) 

nanorod/RGO composites were prepared via a one-step hydrothermal method using GO and 

bismuth nitrate as precursors. The subsequent electrochemical studies showed that the optimized 

Bi2S3 nanorod/RGO composite exhibited an outperforming specific capacitance of 1932 F g-1 at 

1 A g-1 current density with high cycling stability (~122% after 1000 cycles at 10 A g-1 current 

density) in 2 M aqueous KOH electrolyte in a three-electrode cell setup. In another work, CuS 

quantum dots grown on reduced graphene oxide sheets were fabricated by a facile hydrothermal 

method using GO and copper(II) dithiooxamide (Cu-DTO) complex as precursors. CuS/RGO (12 

wt % Cu-DTO complex) nanocomposite showed a tremendous specific capacitance of 3058 F g-1 

at 1 A g-1 current density with moderate cycling stability (∼60.3% after 1000 cycles at 10 A g-1 

current density) in 2 M aqueous KOH electrolyte using a three-electrode cell setup. The subsequent 

EMI shielding study of the same composite revealed a total EMI shielding efficiency (EMI SE) of 

45−54 dB in the 2−8 GHz frequency range. In the subsequent work, MnCo2O4/N-doped reduced 

graphene oxide was synthesized by hydrothermal method followed by annealing. The optimized 

nanocomposite demonstrated a total EMI shielding efficiency of 55−38 dB and an excellent 

reflection loss of -90 to -77 dB with minima at -103 dB in 2−8 GHz frequency range. In the 

concluding part, ZrO2/MWCNTs nanostructures were prepared by a simple refluxing method. The 

highest EMI SE value of 29.1−30.5 dB was obtained for nanocomposite containing 15 wt% 

loading of oxidized MWCNT in the microwave frequency range of 2−8 GHz. In summary, the 

present thesis provided cost-effective and straightforward routes to develop highperformance 

supercapacitors and EMI shields/microwave absorbers. 
 

Keywords: Transition metal sulfide, Transition metal oxide, RGO, MWCNT, Nanocomposite, 

Supercapacitor, EMI shielding, Microwave absorber. 
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In multivariate temporal point processes, individual events of a process may reinforce the process 

according to their own event magnitudes, while different processes may compete with each other 

for dominance in intensity. While the former can be described as self-reinforcement of a process, 

the latter may be described as inter-competition between processes. In graph-based semi-

supervised learning, nodes with revealed labels belong to several communities. While determining 

the community label of an unknown node, neighbouring labelled nodes from a given community 

reinforce each other to amplify the chance of the unknown node being assigned the label of that 

community. On the other hand, neighbouring labelled nodes from different communities compete 

with each other, each community aiming to “claim” the unlabelled node for itself. While the former 

may be described as self-reinforcement of a community, the latter may be described as inter-

competition between communities. This thesis aims to bring out the necessity to explicitly model 

these two general effects of self-reinforcement and intercompetition in these apparently disparate 

realms (multivariate temporal point processes and graph-based semi-supervised learning) through 

domain-specific modelling techniques. This thesis proposes novel modelling frameworks for both 

multivariate temporal point processes and graph-based semi-supervised learning where the effects 

of self-reinforcement and intercompetition are organically integrated into the model. In the 

particular case of multivariate temporal point processes, this thesis presents a marked departure 

from the traditional view that such processes mutually excite each other by studying several 

application domains where a competitive effect exists instead of mutual excitation. Also, while 

previous approaches have typically used simple linear models for such multivariate processes, we 

show that it is possible to graft these effects into non-linear neural models. Aside from the 

empirical advantages conferred by our approach, modelling these effects is also shown to yield 

distinct theoretical advantages in case of graph-based semi-supervised learning. 

 

Keywords: Temporal point processes, graph-based semi-supervised learning, self-reinforcement, 

inter-competition 
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Radiofrequency drying is a novel approach that solves many issues currently faced by the tea 

industry. By keeping this point of view, a research study had been undertaken on drying kinetics 

of the three most famous distinctive types of tea, viz. CTC (Cut-Tear-Curl), Orthodox, and Green 

tea using the novel radiofrequency dryer (27.12 MHz, 25 kW). The drying conditions varied three 

different RF power ratings (15, 20, and 25 kW) and three different tea bed thicknesses (0.08, 0.10, 

and 0.12 m) during the study. The non-fermented Green tea leaves and fermented CTC and 

Orthodox tea leaves were dried. For comparison purposes, these three types of tea were also dried 

in a tray dryer at 75°C. The time taken by CTC tea in the RF dryer was 90 min, 60 min for Orthodox 

tea, and 150 min for Green tea, whereas drying time in the tray dryer for different types of tea 

varied from 120-240 min. The drying time required in the tray dryer at 75°C was approximately 

double. During the drying process, the fermented leaves were dried from 65-70 % (wb) to around 

2-4% (wb), and non-fermented tea leaves were dried from 78-82% (wb) to around 2-4% (wb). The 

physical, thermal, and dielectric properties of tea were measured during the drying process at 

different moisture contents. The true density and porosity of tea increased with the decrease in 

moisture content. The thermal conductivity and volumetric specific heat capacity of tea leaves 

decreased with a decrease in moisture content of all three types of tea. Bulk density increased, and 

true density decreased with an increase in moisture content. Maximum bulk density for CTC was 

noted to be 545 kg/m3, and that for Orthodox and Green tea, it was found relatively the same, i.e., 

400-435 kg/m3. At high moisture content, specific heat was high and vice versa. Thermal 

conductivity and diffusivity were decreased linearly with moisture content. While on the other 

hand, thermal resistivity was increased with a decrease in the moisture content for all three types 

of tea. For dielectric properties, a decrease in moisture content of all three types of tea resulted in 

a decrease of both dielectric constant and loss factor. The time required for CTC tea at 25 kW RF 

power at 0.08 m tea bed thickness was found to be 80 min. For Orthodox tea, the time required for 

drying was 60 min, while for Green tea, it was found around 150 min for the same tea bed 

thickness. The drying characteristics of all three tea were evaluated using different drying curves. 

The drying mechanism during the falling rate zone was determined for all drying curves. The 

calculated constant drying rate was higher than measured in all experiments, which clarified that 

the falling rate zone was capillary controlled. The drying data values were fitted into eleven 

theoretical, empirical, and semi-empirical thin layer drying models to study tea drying kinetics. 

Midilli model gave the best fit for all three types of tea when statistically tested with the lowest 

chi-square and RMSE values. The liquor colour and aroma index were measured using Hunter lab 

colorimeter and Electronic nose. The liquor colour and aroma index was better for short bed 

thickness (around 0.08-0.085 m) and between 15 to 16.5 kW RF power levels. The liquor colour 

values ‘a’ and ‘b’ were found slightly the same at low power levels (15 and 20 kW) for CTC and 

Orthodox tea. At any particular drying time, the highest RF power rating showed higher 
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instantaneous moisture diffusivity, DL(inst), values when compared with values at lower power 

ratings for the same tea bed thickness at the same time. Moisture ratio and drying rate were 

predicted using a suitable ANN model design for all three types of tea. During the drying process, 

the power absorbed in different time intervals was a little high during the initial drying stages. The 

energy required in different dryers was calculated in MJ per kg made tea. RF dryer required less 

energy than the conventional hot air drying method used for the comparison.  

 

Keywords: CTC; radiofrequency drying; aroma index; mathematical modeling, ANN modeling 
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Advanced composites are excellent alternatives relative to conventional materials due to high 

specific strength; ease of manufacture, tailor-made properties and also due to the superior 

resistance to other corrosive agents. Distributed Optical Fiber Sensors (DOFS) can be a very good 

tool for monitoring the health of the composites under numerous service conditions. Based on the 

key performance requirements of the composites for various industrial applications, this research 

work investigates the performance and health monitoring of advanced composites under corrosive 

media and impact load along with the performance of defective zones under load. During this 

technology development a significant knowledgebase is generated related to the types and working 

principles of optical fiber sensors and their limitations along with the signal processing techniques. 

In this work, a fabrication technique is developed by instrumenting the DOFS in the composite 

structure without affecting its integrity. The long-term performance of the composites in aqueous 

10% sulphuric acid and 28% hydrochloric acid solutions has been studied by evaluating the 

transport kinetics, the chemo-mechanical properties as well as the mechanistic changes in the 

composite structure with the exposure time. This research also investigates a health monitoring 

system based on Internet of Things (IoT) architecture to evaluate the health of DOFS instrumented 

composites subjected to corrosive media. The performance and health monitoring of composite 

structures under impact load has been carried out using the spherical and conical impactors which 

has been numerically validated. IoT architecture has been developed for detection of the impact 

incidents with quantification of the severity of the impact on the composites. The performance and 

health monitoring of the defective zones under load in Distributed Optical Fibre Sensors (DOFS) 

instrumented composites has been studied as they are the worst-performing part of the entire 

composite structure. Also, a health monitoring system based on IoT architecture has been 

established for the detection of the defective zones under load in the composite structure. The 

research work demonstrated that the signal response of the DOFS instrumented in the composites 

can be effectively used for evaluation of the performance and health of the composites.  

 

Keywords: Health monitoring system, Distributed Optical Fiber Sensor (DOFS), Corrosive 

media, Impact load, Defective zones under load, Internet of Things (IoT) architecture. 
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The convincing demand for high performances with operationally stable and inexpensive 

electrocatalyst for the hydrogen evolution, oxidation and oxygen evolution reaction have 

encouraged significant contribution towards research and development of the energy field. Until 

now, Pt/C and Ir/C contribute to some of the potential challenges on commercially available 

electrocatalysts but the main issues are associated with the high cost and inadequate long-term 

operational stability. Therefore, the replacement of Pt/C and Ir/C with a novel more effective 

catalyst is now a critical challenge and more important. These precious expensive metal catalysts 

demand a huge portion of the cost and degradation under harsh conditions. As previously, Ir/C 

also exhibit cost and stability issues. Hence a new strategy of electrocatalysts is trying to discover 

to reduce the cost of electrocatalysis with sufficient activity and stability. In view of this, we 

approach to construct different types of electrocatalysts for water splitting. The first attempt is to 

design unique N, P Co-doped WS2 for searching out new low cost efficient electrocatalyst in acidic 

medium by exfoliation, ethching and codoping method. The monolayer dual atom nitrogen and 

phosphorus dope WS2 (PNEWS2) exhibit findings demonstrated PNEWS2 as an efficient catalyst 

exhibited low overpotential (59 mV), small Tafel slope (35 mV decade-1), large TOF (0.7 s-1), 

exchange current density (1.15 mA cm−2) and long-term stability (15 h) due to its large number 

of accessible active sites, high mesoporous surface area. Density functional theory (DFT) 

calculations highlighted the interactions between N and P with WS2, leading to an increase in the 

density of states. Furthermore, P helps to downshift of the d-band center, assisted excellent 

hydrogen evolution reaction. The second is searching for a new type of electrocatalysts in the 

alkaline medium due to avoid any corrosion of glass electrodes. An unconventional catalysts 

Sb2S3 in alkaline medium integrate the water splitting performances. However, the comparison of 

performances is very difficult due to the use of different substrates. Further, the trial is doing upon 

group V metals sulfide Sb2S3 which provides unique morphology and abundant active sites in 

alkaline medium. The growth mechanism of the pellet drumlike structure furnishes orientation 

along the z-axis. N, Ru co-doped pellet drum bundle like Sb2S3 morphology exhibited its superior 

electrocatalytic performance in HER and HOR in alkaline medium as evident from small Tafel 

slope (193 mV per decade), lower overpotential (~ 72 mV), higher exchange current density (~1.42 

mAcm-2), long-term stability in alkaline medium and higher positive breakdown potential (0.6 V) 

at a loading of about 1.6 mg cm-2 respectively. However, its stability loss is further highlighted 

by its reaction in alkaline medium. After searching group V metals, we fervently search the 

catalysts among transition metal compounds. The work is carried on ruthenium doped CuO /MoS2 

which is prepared facile hydrothermal as well as solvothermal method. This work delivered 

exposed active sites, conductive junction, defective states as well as higher electronic states. 

Electrochemical investigation revealed that Ru doped CuO/ MoS2 (MSCR) showed its 

overpotential and Tafel slope of 198 mV, 113 mV dec-1 respectively. The anodic investigations 

on MSCR exhibited superioroverpotential (201mV at 10 mA/ cm2) and Tafel slope (229 mV dec-
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1). MSCR also exhibited overpotential of ~ 1.68 V to achieve 10 mA/cm2 of current density in an 

electrolyzer. In summary, the present thesis provides simple and effective ways for the 

development of low-cost and promising heteroatom doped metal sulphide based electrocatalysts 

for water splitting in acidic and alkaline medium.  

 

Keywords: transition metal sulphide, antimony sulphide, electrocatalyst, Alkaline water splitting, 

hydrogen evolution reaction, oxygen evolution reaction, hydrogen oxidation 

  



 

 186 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

STUDY OF MULTIVARIATE REVERSED FRAILTY 

MODELS, WEIGHTED ENTROPIES AND EXTROPIES 

 

Shilpa Bansal 

Supervisor: Dr. Nitin Gupta 

Department of Mathematics 

Accession No: NB17374 

 

Frailty models in survival analysis help to assess the effect of unknown heterogeneity on the hazard 

function or survival time in an individual or group of individuals. These models may be univariate, 

multivariate, shared or correlated. The distributions of random vectors which represents lifetimes 

of individuals or components are defined with the help of multivariate frailty models. Comparison 

of these vectors are carried out with the help of various stochastic orders. Our aim here is to obtain 

sufficient conditions for usual stochastic order to hold between two multivariate shared reversed 

frailty models and also between their corresponding vectors of inactivity times. Next, we consider 

two random vectors where lifetimes are represented by a generalized multivariate reversed frailty 

mixture model and give conditions for stochastic order, likelihood ratio order and weak reversed 

hazard rate order to hold among them. The study is also extended to derive an alternate condition 

for weak reversed hazard rate ordering. For a particular case where the distribution function is 

represented in terms of copula, we gave conditions for stochastic order and lower orthant order to 

hold among lifetime vectors. Information Theory is a branch of applied mathematics which deals 

with the problems like processing, storage, retrieval, utilization and decision-making of 

information. Shannon entropy was first introduced to quantify information. Various 

generalizations of Shannon entropy like Renyi entropy, Varma entropy, Tsallis entropy etc. have 

been proposed for more exibility purposes. We contributed to this area by defining weighted 

versions of residual and past Varma entropy and studying their characterization results, 

monotonicity behaviour, defining a new partial order based on the notion of uncertainty i.e. 

weighted Varma entropies. We also discussed some of the properties of dynamic cumulative past 

Tsallis entropy and its weighted version defined recently in the literature. The intuition of 

uncertainty reduction on reduction of interval is not true in general. Researchers have derived 

necessary and sufficient conditions under which this proposition is true. In this regard, we 

considered two measures-conditional cumulative past entropy and convolution of extropy and 

derived the conditions for the uncertainty reduction in an interval. Extropy is an alternative 

measure of uncertainty and the complimentary dual of entropy. Both share similar mathematical 

properties but extropy has some conceptual superiority in certain situations. We proposed weighted 

extropy, weighed residual extropy and studied their monotone properties, bounds and 

characterization results for the order statistics and k-record values. We also carried out these 

studies for past extropy (defined in the literature). 

 

Keywords: Multivariate reversed frailty models; Stochastic comparisons; Order statistics; k-

record values; Uncertainty; Entropy; Extropy; Varma entropy; Weighted distributions; Weighted 

entropy; Weighted extropy; Partial monotonicity. 
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In the aerospace industry, the mixing enhancement of a jet and its core length is essential for 

reducing infrared radiation, mitigating aeroacoustic noise, improving combustion characteristics, 

and vectored thrust. In subsonic and sonic flow domains, the passive mixing devices like nozzles 

with non-circular curvature shed vortices of varying size due to their non-uniform azimuth 

curvature. Hence, they appeared to be effective mixing promoters. Besides, a tab essentially 

modifies the boundary layer characteristics at the nozzle exit causing the manipulation of the 

vortical structures to shed from it, particularly in supersonic flows. Therefore, it is equally 

important to investigate the effects of a tab when placed inside the nozzle (commonly referred to 

as strut).  

 

On the other hand, in the supersonic flow, the tabs deployed at the nozzle exit shed the mixed size 

mixing promoting vortices that are critical for enhanced mixing. With this in mind, the current 

study investigates the mixing characteristics of subsonic and sonic jets using non-circular nozzles. 

Moreover, the present study investigates the effects of a tab (also called the thrust vectoring 

capability of a tab) deployed at three different locations in the divergent portion of a convergent-

divergent nozzle. Subsequently, the efficacy of the plain and the corrugated tabs deployed at the 

exit of the nozzle is investigated at the supersonic flow region.  

 

The present study is carried out in three parts; the first part examines the effect of two non-circular 

nozzle exit shapes (elliptic and square) on the mixing efficacy in subsonic and sonic flow regimes. 

The circular nozzle is also tested for comparison. Both qualitative and quantitative experiments 

have been conducted to determine the mixing efficacy of non-circular nozzles. Pitot pressure 

measurements in the axial and transverse directions were performed to quantify the potential core 

length and spreading characteristics. The shadowgraph technique was used to visualize the waves 

at the underexpanded jets of NPR 3.0, 4.0, and 5.0. Among the configurations investigated, the 

elliptic geometry is observed to be superior in reducing the potential core length and increasing 

the spreading of the jet. A maximum reduction in core length of 19.4% and rapid decay was 

accomplished with an elliptic shape with the sonic condition at the nozzle exit. Pitot pressure 

profiles at various axial locations show that the spread rate for the elliptic and square jets is higher 

than the circular jet. In the case of the elliptic jet, the maximum spreading was observed along the 

minor-axis plane than the major-axis plane. Because of this differential spread in non-circular jets, 

the jet switches the axes at a certain downstream distance. Interestingly, the elliptic jet switched 

the axes two times, whereas the square jet showed only once. The differential spreading of the 

elliptic jet along major and minor axis planes is confirmed by Shadowgraphic images.  
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The second part investigates the effects on the flow characteristics when a tab (strut) is deployed 

in the divergent portion of a Mach 1.84 nozzle (thrust vector controllability). The strut height was 

varied as 1.5 mm, 2.5 mm, and 3.5 mm. The strut is more effective in deflecting the jet flow field 

in the presence of an adverse pressure gradient prevailing at the nozzle exit. A maximum jet 

deflection is achieved with a 3.5 mm strut, deployed at the divergent-portion's mid-section (X/L = 

0.72). The superior performance of the longest strut is due to the generation of a stronger bow 

shock, which eventually increases the pressure imbalance at the nozzle exit and leads to a larger 

jet deflection.  

 

The third part explores the effects of a pair of tabs of aspect ratio 1.5, mounted diametrically 

opposite to each other at the outlet of a Mach 1.75 circular nozzle, at varying levels of expansions, 

ranging from overexpanded to underexpanded jet states. In addition, to generate the vortices of 

mixed-size, three corrugation geometries, namely, rectangular, triangular, and semicircular, are 

configured along the tab edges. Both quantitative and qualitative investigations are carried out by 

using the pitot probe to measure the stagnation pressures and by utilizing a shadowgraph technique 

to visualize the flow field. The corrugated tabs generated a significant mixing, and among them, 

the tabs with triangular corrugations are found to be most effective. A maximum reduction of about 

99.7% in the supersonic core is obtained with triangular corrugated tabs at near-correct-expansion, 

corresponding to a nozzle pressure ratio (NPR) 5. Interestingly, the semicircular corrugated tab 

significantly reduces the asymmetry near the nozzle exit plane. The shadowgraph images confirm 

the efficacy of different corrugated tabs in reducing the strength of the waves prevalent in the 

supersonic core. 
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Spectral methods provide accurate and efficient fixed-grid approximations to problems with 

smooth solutions. However, in the presence of an interface, the spectral approximation of the 

piecewise-continuous solution exhibit the Gibbs-Wilbraham phenomenon, which appears as 

oscillation in the approximation and results in a drastic reduction of rate of convergence. Many 

studies have approached the problem of resolving the Gibbs oscillation from spectral 

approximation in the past. Here we present a method applicable to a wide range of physical 

problems, which is able to restore exponential convergence. We propose a reconstruction 

technique where the numerical solution is expressed as the sum of a smooth function and a 

modified Heaviside function. An interface function, expressed in a weak form using the jump 

conditions to modify the Heaviside step is used in order to resolve the discontinuity at the interface. 

A Chebyshev polynomial series is employed to represent the smooth part of the solution. The 

solution reconstruction allows us to exactly impose the conditions at the interface. We present the 

rationale underlying the reconstruction by revisiting the work of Wilbraham, H. "On certain 

periodic functions", Cambridge Dublin Math. J 3 (1848): 198-204, followed by the formulation 

and numerical implementation. We introduce the weak formulation through its application to an 

ordinary differential equation (ODE). We extend the methodology to solve a system of coupled 

ODEs governing the growth of an avascular tumor. The class of moving interface problems in 

phase change or the Stefan problem is discussed thereafter, with two different time discretization 

methods: the Crank-Nicolson method and the Chebyshev reconstruction method. The weak-form 

based formulation is implemented to solve the Laplace and Poisson equation with an interface in 

two and three dimensions. In higher dimensions, the maximum pointwise error achieved in the 

entire domain is ∼ O(10−14) using fewer than 30 Chebyshev nodes in each direction. The 

algorithm is efficient, requiring less than a second of computational time for each of the problems. 

The pointwise error plots demonstrate that the Gibbs-Wilbraham phenomenon is resolved. Finally, 

we present the correction function approach where the interface function is obtained as the solution 

of a partial differential equation, making it distinct from the weak-form approach. The novel 

approach does not rely upon the explicit integrable form of the jump condition, as required by the 

weak-form approach. The numerical formulation of the correction function method is optimized 

for accuracy as well as computational cost in two dimensions, costing a fraction of a second on a 

desktop computer. Concluding thoughts on the potential applications of the reconstruction 

technique are presented at the end.  

 

Keywords: Chebyshev polynomials; collocation method; solution reconstruction; Gibbs-

Wilbraham phenomenon; exponential accuracy 
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Ground motions recorded in the proximity of a ruptured fault plane are generally considered as 

near source or near fault ground motion. Near source ground motions causes significant damage 

to the structures due to the presence of distinct high-energy velocity pulse(s). The present study 

attempts to investigate the various aspects related to the seismic safety of concrete gravity dams in 

near source region.  

 

Firstly, a comparison of seismic response of concrete gravity dams under near fault and far fault 

ground motions is presented. Two-dimensional finite element modelling of the dam-reservoir-

foundation coupled system is performed in MATLAB script. Displacement-based Lagrangian 

technique is adopted for the dam and foundation domain, whereas the reservoir domain is modelled 

using the pressure-based Eulerian technique. The fluid-structure-soil interaction problem is solved 

using a direct coupling methodology. Two sets of as-recorded ground motions of near fault and 

far fault type are selected from real earthquake events for analysis purposes. A rational 

methodology is followed for qualitative assessment of probable damage level of concrete gravity 

dam based on the outcome of linear time history analysis. The results obtained from the analysis 

demonstrate the different impacts of near fault and far fault ground motions on the seismic 

behaviour of the concrete gravity dam. Further, the study also ascertains the importance of the 

selection of far fault ground motions for seismic safety checks of concrete gravity dams. Long-

term dynamic behaviour of the aged dam-reservoir system is also examined. Changes in the 

properties of concrete are estimated considering the deterioration caused by the hydro-chemo-

mechanical effect. Variation of the reflection coefficient due to deposition of sediments at reservoir 

bed is also taken into account.  

 

The existing methods for simulation of fling-step ground motions lack a straightforward 

framework. Hence, an empirical stochastic model is established upon characterization of as-

recorded fling-step ground motions and the procedure for the generation of synthetic near source 

records is described.  

 

Finally, seismic vulnerability assessment of concrete gravity dams is performed under near source 

synthetic ground motions. The numerical modelling of the dam-reservoir-foundation coupled 

system is carried out in ABAQUS considering the nonlinearity of concrete and soil. Two sets of 

synthetic near source records characterized by forward-directivity and fling-step effects are 

generated using an empirical stochastic approach. The maximum values of the seismic response 

quantities of the coupled system from nonlinear time history analysis are obtained as Engineering 

Demand Parameters (EDP) and various ground motions parameters are selected as Intensity 

Measurement (IM). Fragility functions are generated from the cloud response data (EDP-IM pairs) 
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using a Probabilistic Seismic Demand Model (PSDM). Efforts are given to identify the optimal 

IMs in terms of various optimality criteria. Fragility curves are derived for different limit states 

based on the EDPs in terms of the best IMs of forward-directivity and fling-step ground motions. 

 

Keywords: Near source ground motions; Concrete gravity dam; Dam-reservoir-foundation 

system; Forward-directivity; Fling-step; Seismic vulnerability. 
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Mouse ultrasonic vocalizations (USVs) are of communicative significance and can serve as one of 

the major tools for behavioral phenotyping in mouse models of neurobiological disorders with 

social communication deficits. Mouse models also enable examination of changes in neural 

circuitry underlying the above dysfunctions and hence can provide therapeutic strategies. Using 

information-theoretic measures, we show that mouse USVs have predictability that undergoes 

modulation with social context, like birdsong and aspects of speech. Mathematically informative 

sequences were obtained from adult male mice USVs. Such sequences also had behavioral 

relevance as female mice exhibited higher preference for the sequence with statistical regularities 

over the sequences with randomized configuration based on a two-choice task, similar to the 

observations in humans. Neurons in the primary auditory cortex (A1) are selective to species-

specific vocalizations; however, cortical encoding of behaviorally relevant structured sequences 

of vocalizations as a whole unit has not been studied in the mouse. Since male mice emit specific 

sequential structures influenced by the proximity and presence and absence of females, we looked 

into the alteration in the sensory representations at the receiver end in the female A1 with and 

without social exposure. In our study, context-specific selectivity is observed at the mono as well 

as disyllabic level. However, the effect of social experience is apparent only in higher-order 

structures i.e. when we observe representation of sequences as a whole. Thus an evident aspect 

and requirement of speech perception is observed in mouse A1 at least at rudimentary level; that 

is, A1 single neurons adaptively represent the entire order of acoustic units without altering 

selectivity of individual acoustic units. The experience-dependent adaptive representation of single 

neurons in A1 was found to be differential in nature in excitatory neurons and somatostatin positive 

inhibitory neurons (SOM INNs). The results indicate no clear involvement of another large class 

of INNs that are parvalbumin positive (PV). The observed plasticity was replicated by optogenetic 

reversible silencing of SOM INNs paired with sound sequence presentation. The involvement of 

the SOM INNs thus indicates possible pathways involved in perception of sound sequences.  

 

Keywords: Mouse ultrasonic vocalizations (USVs), primary auditory cortex (A1), Social 

experience dependent plasticity, Information theory, Speech perception 
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This research work identifies the characteristics of the significant upper and intermediate water 

masses of the AS and addresses their seasonal variations with particular emphasis on ASOMZ 

ventilation. Moreover, this study also unfolds the interannual variations of these water masses from 

a climate-change perspective. The θ-S diagrams and water mass mixing ratio computations 

revealed that the upper and intermediate depths of the AS is dominated by Arabian Sea High 

Salinity Water at the surface, Persian Gulf Water at the subsurface, and Red Sea Water at the 

intermediate depths. Additionally, between 200 and 1200 m depth of the AS, there is an 

intermediate water mass which comes from the southern Indian Ocean (IO). The cluster analysis 

shows that the seasonal variations of the upper water masses are driven by the reversing monsoon 

winds and the associated ocean surface currents. The water masses spreading into the AS from 

southern IO along the western IO is significantly influenced by a year-round upwelling 

phenomenon in the south-west tropical IO (55º-75ºE, 5º-12ºS), the Seychelles-Chagos 

Thermocline Ridge (SCTR). The upwelling induced by the SCTR mixes the Antarctic Intermediate 

Water (AAIW, the supreme oxygen carrier at intermediate depths) with other water masses like 

South Indian Central Water, Red Sea Persian Gulf Intermediate Water, and Indian Deep Water. 

Therefore, the AAIW cannot reach the AS. This work quantifies the water masses and shows that 

the newly formed admixture water mass, which brings about 1.5 ml l-1 of dissolved oxygen from 

the southern IO, is the prime source of oxygen renewal at the intermediate depths in the AS. The 

interannual study (1995-2014) of AS water masses show a direct relationship between salinity of 

water masses and El-Niño Southern Oscillation (ENSO). Moreover, the physical characteristics of 

all upper and intermediate water masses show an increasing trend during the above period. 

Changes in the atmospheric conditions, like air temperature and air-sea fluxes at the water masses 

formation region, is responsible for the rising trend. The increase in salinity and potential 

temperature of water masses has marginally influenced the shoaling and thereby significantly 

enhanced the intensification of ASOMZ.  
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Wind-waves generated over the ocean surface can directly impact coastal sediment transport, 

vessel manoeuvring characteristics, design of coastal and offshore facilities etc. Proper 

understanding of climate change impact on the wind-wave climate is therefore very crucial to plan 

adaptation and efficient mitigation strategies for coastal communities. Only limited studies were 

performed in the recent past on the variability on wind-waves induced by changing climate 

patterns, in particular for the Indian Ocean region. It is crucial to understand the futuristic 

projections of wind and waves under different changing climate scenario which has inherent 

uncertainty in the climate model simulations. The work carried out in this thesis addresses specific 

objectives that investigated the performance of Global Climate Models (GCMs) under CMIP5 and 

CMIP6 family for the Indian Ocean region. It examined the skill level of 33 different GCMs 

developed under the CMIP5 project for near-surface wind speeds over the Bay of Bengal (BoB). 

Statistical measures of CMIP5 projections indicate that RCP 4.5 wind speed holds good for the 

BoB region. Further, the validation exercise of GCMs with observations could provide better 

representation of wind speed for few cyclone cases that developed over BoB, whereas some GCMs 

showed under-estimation. Findings from the analysis indicate increased probability of moderate 

wind speeds in BoB during the study period. The study also verified the relative skill level of 

CMIP5 models with the recent CMIP6 GCMs for BoB region, and clearly demonstrated the 

improved quality in CMIP6 compared to CMIP5 models. Analysis also signifies that multimodal 

ensemble for projected wind speed in the head BoB region are expected to increase by 20% under 

the high-end scenario (SSP 8.5) by the end century. The wind-wave climate projections were 

constructed using the best-performing models to investigate extreme waves for the Indian Ocean. 

Projections collectively highlight on the maximum extreme winds and waves for the South Indian 

Ocean region. Future projected change in the extreme waves are maximum for the South China 

Sea, even in the RCP 4.5 scenario indicating a maximum of 23% rise under RCP 8.5 pathway by 

the end 21st century. The thesis analysed near-surface wind speed and significant wave height and 

also explored the projected changes in large-scale environmental drivers including SST (Sea 

Surface Temperature) and SLP (Sea Level Pressure) affecting the wind and wave climate.  

 

Keywords: Wind speed, Wave height, CMIP5, CMIP6, COWCLIP 
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Rapid growth in the functionalities in modern-day chip designs and their shrinking time-to-market 

demands have put a lot of onus on the designers to meet the power and thermal management 

requirements in pre-silicon phase prior to their deployment. Verification of such requirements has 

become an essential part in validating the design intent of large and complex electronic systems. 

For example, architectural power intent verification of mixed-signal domains in integrated circuits 

at the digital-analog boundary is a part of power management requirement. In addition to this, due 

to close inter-dependence of power with a design’s thermal behavior, thermal management 

becomes an intrinsic part of design intent study. Such management and verification strategies often 

require to perform certain level of abstraction of its environment for enabling inter-domain co-

simulation, intricate interface handshaking and comprehensive validation. These abstractions can 

also be viewed as assume-guarantee contracts where some design intents are guaranteed based on 

some behavioral assumptions on the environment. For example, a functional block in an integrated 

circuit is expected to function correctly under assumptions of admissible behaviors from the 

surrounding logic, which is a contract with it’s environment. The block is also expected to function 

correctly under assumptions of proper thermal and power conditions defined by the choice of the 

semiconductor technology chosen at the lower layers of the design. Our thesis is focused to study 

different facets of power management contract verification at the digital-analog boundary of 

mixed-signal domains and to explore power and thermal management contract handshaking with 

scheduling methods for improved performance, power saving and thermal balancing. We have 

tried to embed the assume-guarantee contract-based methodology (across design hierarchy, across 

mixed-signal domains) in all of our frameworks which we believe to the best of our knowledge as 

a novel contribution in this domain. In particular, the contribution of the thesis are as follows: 

 

1. Mixed-Signal Power Management Contracts. Although architectural power intent 

verification in digital domain is a well researched area, similar verification in mixed-signal 

domains require deeper attention. The digital logic at the digital-analog boundary cannot 

be formally proven unless the analog is abstracted out with suitable contracts in place. The 

thesis studies the problem of contract based analysis of the digital-analog boundary with 

specific reference to power management logic. The thesis also studies the problem of 

migrating such contracts across different levels of abstraction. The major contributions in 

this area are:  

 

      • We have developed an automated methodology to perform time synchronization at the                  

analog-digital boundary through assertions based formal verification. 

 

            • We have proposed an approach for the coverage analysis of power management 
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logic with mixed-signal domains that determines whether only the safe global power states are 

proven to be reachable. We have introduced an algorithm that assists in migrating assertions from 

analog to digital domain through proper discretization method while preserving its truth when 

interpreted on the abstract analog simulation, and preserving what it guarantees when used as an 

assume property for the digital logic.  

 

2.Power, Thermal, and Workload Contracts. Power and thermal management strategies can 

handshake with the scheduling methods in order to obtain higher throughput, better energy 

optimization and thermal footprints. Abstracting out physical component dependence or some of 

the behaviors of such systems in terms of contracts enable us to analyze the system in a tractable 

way. The contributions in this sub-domain are as follows:  

 

• We have developed a usage driven personalization of power management logic where the user 

load model is a contract under which the scheduling algorithm has been developed and the learnt 

patterns in turn are used to enhance and personalize the global power manager with an energy 

optimization goal. 

 

• We have proposed an SMT based task scheduling algorithm that aids in power and thermal 

management of the design where the thermal model, the power management strategy, and the load 

model are contracts under which the scheduling algorithm needs to optimize its performance 

metrics. Scheduling methods that are aware of the power and thermal management strategies of a 

processor can potentially enable computations that have higher throughput and better thermal 

footprints. We believe our work will enable early estimation of power and thermal management 

requirements in pre-silicon facilitating less erroneous designs leading to reduced effort in post-

silicon validation. The proposed standard assume-guarantee contract based frameworks (proposing 

methodologies and building tools) can also be adapted across various domains having similar 

contractual requirements. 

 

Keywords: Contract-based Approach, Assume-guarantee, Power Management Logic, Mixed-

signal Domains, Power Management, Thermal Management, Scheduling. 
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Precambrian shields around the world comprise an amalgam of cratons whose juxtaposition is a 

record of the geodynamic processes involved in continental crust construction. The Singhbhum 

Craton in India is one of the oldest components of the Indian Precambrian shield. The nature of 

amalgamation of the Archaean Singhbhum Craton with the Rengali Province to its south, in the 

eastern part of the Indian shield, has been investigated in this study. Two dominant views exist 

with regard to this juxtaposition – some workers consider the Rengali Province to be the exhumed 

root of the Singhbhum Craton that was thrust onto the cratonic interior, while other workers 

consider the Rengali Province to be a slice of the Bastar Craton that was juxtaposed with the 

Singhbhum Craton along a dilational strike-slip step-over zone. In this study, the Singhbhum 

Craton and the Rengali Province are discriminated based on the exclusive presence of a pervasive 

high-temperature (upper amphibolite-granulite) metamorphic imprint in the latter terrane. While 

the two terranes show differences in their deformation history, a final phase of dextral strike-slip 

shearing along sub-vertical, WNW-ESE striking shear planes is common to both. 

Microstructurally, the Singhbhum Craton does not preserve any evidence of high-temperature 

metamorphism, whereas the lithologies in the interior of the Rengali Province contain high-

temperature textural domains with a limited low-temperature deformation overprint. 

Crystallographic Preferred Orientations (CPOs) of quartz indicate that deformation by basal <a> 

slip with a pronounced dextral asymmetry was dominant in the lithologies of the Singhbhum 

Craton and the marginal lithologies of the Rengali Province. Deformation temperatures estimated 

from quartz CPOs are consistent with thermobarometric estimates obtained from the Singhbhum 

Craton lithologies using chlorite thermometry and multiplereaction thermobarometry. Penetrative 

shallow-dipping fabrics within the Singhbhum granite define trough cross-beds and are inferred to 

be of primary magmatic origin. CPOs of constituent minerals in this fabric coupled with modelling 

studies indicate an origin by convective material transport in a felsic magma chamber. This study 

also provides an insight into fluid percolation through quartz-rich rocks at different metamorphic 

grades. Grain boundary morphologies in quartzites deformed and metamorphosed under a range 

of metamorphic conditions (greenschist-granulite) were studied with an Atomic Force Microscope 

and integrated with grain boundary misorientation distributions. It is concluded that quartz-rich 

rocks deformed and metamorphosed under granulite facies conditions are likely to be significantly 

more resistant to fluid percolation compared to rocks deformed and metamorphosed under 

greenschist facies conditions. This study therefore demonstrates that the Singhbhum Craton-

Rengali Province interface is a dextral strike-slip shear zone, and also provides an insight into 

processes occurring in the continental crust.  
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Giant magnetoresistance (GMR) sensors score over a number of other magnetic sensors, mainly, 

due to their high directional sensitivity, very low cost, and a small, easy-to-use integrated design. 

As a result, GMR sensors are used in a wide range of industrial applications. However, these 

important merits come with a few limitations of the sensor, such as non-linearity, hysteresis, or 

limited measurable magnetic-field range. In this thesis, several efficient interfacing circuits for 

improving the performance of GMR sensors are proposed, along with a comprehensive study of 

GMR-based defect detection systems. Initially, the thesis focuses on the design of three analog 

circuits to realize a linear GMR magnetometer. These schemes offer simple, cost-effective, easy-

interfacing solutions and produce instantaneous output response. The simplicity of these designs, 

realized using off-the-shelf components, motivated us in implementing similar schemes, onchip, 

using CMOS (Complementary Metal Oxide Semiconductor) technology. The proposed CMOS 

linearizing schemes operate on a single positive supply and are designed to minimize process-

temperature variations. Performances of the schemes are validated through simulation studies. The 

interfaces exhibit trade-offs between component-count, power consumption, output error, etc. 

Further, the thesis describes a magnetic feedback-based scheme to improve the linearity and 

hysteresis of GMR sensors and extend its working field-range. The results showed that the 

measuring field-range could be increased by three times with a large reduction in hysteresis and 

improvement in linearity. Next, a direct-digital converter circuit for GMR sensors, based on sigma-

delta principle, is proposed. The circuit produces linearized digital output, offers merits like 

output-span adjustment, minimal matched component requirement, low conversion-time, etc. The 

above interfacing circuits are implemented in hardware, and tested for performance with 

commercial GMR sensors. In the final chapters, the thesis discusses about an application of GMR 

sensors in the detection of thin defects, in metallic non-magnetic specimens. The eddy-current 

testing principle is employed and two GMR-based eddy-current probes are designed. Initially, the 

working of the two probes are studied using a simplified semi-analytical method and probe 

responses are derived. Following this, the proposed technique is also validated using finite-element 

software simulation results and extensive experimentation. 

 

Keywords: CMOS Implementation, Defect Detection, Eddy-Current Testing, Giant 

Magnetoresistance, Hysteresis, Linearization, Magnetic Feedback, Magnetic Field, Measurement, 

Sigma-Delta Modulator. 
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At present, there has an increasing interest in developing lightweight, low cost and high strength 

material for structural applications where metal foam stands to be an emerging material. Among 

the metallic foam, lightweight aluminium foam is the most demanding material in the scientific 

community and industrial applications due to its lighter weight, crash resistance property, 

environmentally friendliness, and recyclability. As a result, it has a wide range of applications in 

lightweight construction, vehicle design, thermal insulation, acoustic, damping, and 

electromagnetic shielding. However, the commercially available aluminium foam suffers from 

lower strength, poor cell wall morphology, in addition to having a higher processing cost and the 

problem of reproducibility. In the past, a large number of studies have been undertaken to develop 

aluminium foam by stir casting route, powder metallurgy route using gasifier as a foaming agent. 

However, an extensive effort needs to be undertaken to understand processing rote and the effect 

of process parameters on the density and mechanical properties of the foam. In addition, a 

comparison of the properties of the metal foam developed by different processing routes has not 

been studied in detail. The present work aims at the development of aluminium foam using a 

foaming agent with and without of addition of space holder by stir casting route, development of 

aluminium foam with cenosphere as space holder by powder metallurgy route, and development 

of aluminium foam with cenosphere as space holder by spray foaming route. The detailed study 

included understanding the effect of process parameters on the microstructure, phase, density and 

porosity distribution, mechanical properties, wear, and electrochemical properties. A detailed 

nanoindentation study has been carried out to evaluate the cell wall mechanical properties of the 

aluminium foam. Finally, the comparative behaviour of the aluminium foam developed by stir 

casting, powder metallurgy and spray forming route has been undertaken to understand the effect 

of processing route on the behaviour of the aluminium foam. In stir casting route attempts have 

been made to develop aluminium foam using (1 to 3 wt.%) calcium carbonate (CaCO3) as foaming 

agent (with and without addition of cenosphere as space holder). It is observed that with increasing 

the foaming agent (1-3 wt.%) there is decrease in relative density (0.31 to 0.23), decrease in 

hardness (56 HV to 47 HV), and yield strength (1.95 to 1.62 MPa) in compression. With the 

addition of cenosphere as reinforcement there is increase in density and mechanical property of 

the foam. In addition, there is also change in nanomechanical properties of the cell wall with the 

addition of cenosphere. In powder metallurgy route aluminium cenosphere composite foam has 

been developed where the main variable was cenosphere content. It is observed that the density 

of composite foam decreases from 2.7 g/cm3 for as received aluminium and 2.02 to 2.44 g/cm3 

for composite foam and it decreases with increase in cenosphere percentage. Hardness of the foam 

increase from 30 HV for as received aluminium to 66 HV for 50 vol.% cenosphere dispersed 
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aluminium. The increased hardness is due to presence of hard cell wall of the cenosphere. The 

yield strength of the foam increases with increase in the compaction pressure (27.5 MPa for 125 

MPa compaction pressure to 88.7 MPa for 375 MPa compaction pressure). It is also found to 

increase with increase in cenosphere content up to 20 vol.% cenosphere and decreases with further 

increase in cenosphere content. A detailed study of the wear resistance against tungsten carbide 

(WC) ball under fretting wear mode shows that the wear resistance of the foam increases up to 30 

vol.% cenosphere following which it decreases. The study of mechanism of wear reveals that the 

mode of wear is due to the combined effect of adhesive and abrasive modes. The corrosion study 

in a 3.56 wt.% NaCl solution shows that corrosion rate increases up to 30 vol.% cenosphere 

following which it decreases. The detailed study of mechanism of corrosion by EIS and post 

corrosion microstructure analysis shows that the interface between the cenosphere and aluminium 

is the potential site for initiation of corrosion. For the development of aluminium foam by spray 

forming route initially the free flowing aluminium cenosphere composite powder has been 

developed using 10 vol.%, 30 vol.%, and 40 vol.% cenosphere and aluminium in a planetary ball 

mill with ball to powder ratio of 10:1 using steric acid as media at 250 rpm for 7 hrs. Spray forming 

was conducted using a conventional plasma spraying unit to the dimension of 20 mm×20 mm×5 

mm. The density of the foam product was found to vary from 1.83 to 2.03 g/cm3 and decrease 

with increase in cenosphere content. The microhardness of the composite foam was found to 

increase from 56-66 HV and decreases with increase in cenosphere content. The yield strength, 

plateau strength, and energy absorption decrease with addition of cenosphere. The fretting wear 

test against tungsten carbide ball showed an increased wear resistance compared to as received 

aluminium. The corrosion resistance in 3.56% NaCl solution shows a marginal decrease in 

corrosion resistance with increase in cenosphere content. The study of corrosion mechanism by 

EIS analysis shows that the impedance of the foam decreases with addition of cenosphere mostly 

localized corrosion occur. Finally, a detailed comparison of performance of aluminium cenosphere 

composite foam developed by different processing rote has been undertaken to understand the 

effect of processing route on the performance of the aluminium foam developed in the present 

study. The present thesis has been divided into total six chapters. Chapter 1 provides a brief 

introduction of aluminium foam, composite foam and their applications in various fields. It also 

focuses on the characteristic feature of the fabricated aluminium foam and composite foam. 

Chapter 2 deals with the literature related to different processing methods to fabricate foam, and 

the reported literature related to the properties of foam, like, mechanical, tribological, 

electrochemical and their applications. This is followed by identification of the gaps in the 

literature and formulation of objectives adopted for addressing the problems associated with 

fabrication of foam. Chapter 3 states the information on materials and methods used in the present 

study. Moreover, this chapter also deals with the different characterization techniques opted in the 

present work. Chapter 4, results and discussion on developed foam by using (a) Stir casting route 

to development of foam by using calcium carbonate foaming agent (CaCO3), and cenosphere 

space holder, (b) Powder metallurgy route to fabrication of foam by using cenosphere space holder, 

and the (c) Spray forming route to fabrication of foam by using cenosphere space holder. In 

addition, a detailed study on the effect of varying percentages of cenosphere on density, porosity, 

microstructure, mechanical properties, wear properties and corrosion properties on developed 

foam. Chapter 5 provides the summary and conclusions of the study in detail. Finally, in Chapter 

6 the future scope and other possibility of present research work on composite foam have been 

discussed in detail.  
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milling; microstructure; cell wall strength; compressive property; Nanoindentation; wear; 

corrosion; EIS. 
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Corporate governance is a holistic approach that synchronizes the value, system, and practices of 

an organization. In this thesis, the idea of financial performance, sustainability performance 

reporting, and earnings management practices are combined to examine the effect of corporate 

governance practices on these aspects. Besides these, both principal-agent and principal-principal 

agency problems in the Indian corporate scenario motivate the study to consider the group 

affiliation aspects into the research domain. The thesis finds that well-governed firms 

outperformed poorly governed firms regardless of their group affiliation, i.e., business group (BG) 

and non-business group (NBG) firms. The study also resolves the conflicting relationship between 

multiple directorships of non-executive directors and financial performance. It claims that multiple 

directorships in similar industries positively impact the company’s financial performance. The 

thesis considers the triple bottom line (TBL) approach to measure the sustainability performance 

of sample firms. Our study strongly argues that the companies must have sustainability or CSR 

committees to improve the sustainability performance reporting, regardless of their company 

affiliation or industry field. The thesis reveals that environmentally sensitive firms are less 

interested in reporting sustainability performance in the case of NBG firms. The empirical 

connection between corporate governance practices and earnings management reveals that a higher 

CG score leaves less space for discretionary accruals and real earnings management. The outcome 

of this study is helpful for academicians, corporates, and regulatory bodies to formulate effective 

corporate governance practices for Indian firms. The study brings necessary suggestions for 

policymakers and corporate bodies. Our corporate governance index is useful for further analysis, 

and it can be used by all interested parties to examine the CG activities of a particular entity.  

 

Keywords: Corporate Governance, Firm Performance, Sustainability Performance Reporting, 

Earnings Management, Corporate Governance Index, Diverse Industry Experience Board 
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Breast cancer is the most common cancer globally and the primary cause of mortality and 

morbidity worldwide. Chemoresistance is a primary cause of breast cancer treatment failure, and 

protein-protein interactions are significant contributors to chemoresistance during different stages 

of breast cancer progression. In pursuit of novel biomarkers and relevant protein-protein 

interactions occurring during the evolution of breast cancer, we used a computational predictive 

biological (CPB) approach which identified an association of Integrin β1 (ITGB1) with 

chemoresistance and breast cancer stem cell (SCS) markers. ITGB1 activated the Focal Adhesion 

Kinase (FAK) pathway promoting invasion, migration, and chemoresistance in breast cancer by 

upregulating Erk phosphorylation. FAK also activated Wnt/Sox2 signaling, enhancing self-

renewal in breast cancer.  

 

Next, to understand the correlation between chemoresistance and self-renewal pathways, we 

explored how CSCs become resistant. Cells entering the quiescent state are often chemoresistant. 

We found that mammospheres, the subpopulation of breast cancer with self-renewal, enter the 

quiescent state after a particular time point. Further analysis suggested this quiescent state is 

maintained by the combined expression of Sox2 and Oct4 proteins that subsequently 

downregulates proteins associated with the G1-S transition of the cell cycle. A similar condition 

was observed during chemotherapeutic assault both in vitro and in vivo. Sox2 regulated the 

expression of all the proteins associated with dormancy in breast CSCs. Sox2 also regulated the 

expression of Oct4 that also regulated the expressions of quiescence-associated proteins. Thus, we 

concluded that Sox2 plays a central role in regulating chemoresistance in breast CSCs.  

Then we explored the role of cancer stem cells in modulating the tumor microenvironment (TME). 

Conditioned medium from cancer stem cell enhanced cellular proliferation, epithelial to 

mesenchymal transition (EMT), and increased chemoresistance in breast cancer. MIF was the 

major component of the conditioned media that also induced similar effects both in vitro and in 

vivo. Further analysis revealed an increase in the Akt phosphorylation, which induced EMT and 

upregulated anti-apoptotic proteins. Hypoxic conditions enhanced MIF secretion from CSCs, and 

HIF-1α played a crucial role. So, in conclusion, this study revealed several novel mechanisms that 

were involved in breast cancer chemoresistance. Several critical molecules like ITGB1, Sox2, and 

MIF are identified, which can serve as biomarkers for combating chemoresistance in the future.  

 

Keywords: Breast cancer, Cancer stem cell, Self-renewal, Chemoresistance, Integrin signaling, 

FAK signaling, Sox2, Oct4, Tumor microenvironment, Quiescence, MIF, Akt pathway, Erk 

pathway. 
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The optimal soil management is dependent on rapid and frequent monitoring of key soil properties, 

which are conventionally measured in the laboratory using laborious wetchemistry protocols. This 

research focused on developing soil spectral, elemental, and color index libraries using diffuse 

reflectance spectroscopy (DRS), portable x-ray fluorescence spectrometry (PXRF), and Nix color 

sensor for soils collected from three major soil types of West Bengal. Moreover, the relationship 

between Nix and Munsell soil color chart (MSCC) variables and their capability to predict soil 

organic carbon (OC) and classify soil types were explored using multiple data mining tools. 

Additionally, the relationship between the MSCC soil color values for dry soils to those reported 

by the Nix color sensor with and without MSCC standardization was tested. For the first time, this 

research has explored the sensor fusion approach involving Nix, PXRF, and DRS for predicting a 

host of soil physicochemical parameters. Finally, the combination of smartphone-captured images 

and a custom-made dark chamber was explored to predict soil texture and OC via random forest 

(RF) and convolutional neural network models. The variability among PXRF measured elements, 

DRS spectra, and Nix color indices indicated inherent pedological and geochemical variability 

among soil samples collected from three agroclimatic zones. A good match was observed between 

the MSCC and the standardized Nix data while comparing RGB values from both datasets. The 

combination of the MSCC and the non-standardized Nix datasets produced the best OC prediction 

(R2=0.66). Combining Nix sensor color data with soil texture data improved OC prediction 

accuracy (R2=0.81) than using them independently. For sand, silt, and clay, the combination of 

(Nix+PXRF+DRS) produced the best model performance, producing optimal RPD values ranging 

from 2.00 to 2.71. The best prediction model varied from one property to another, implying no 

universal optimal fusion approach for predicting all soil properties. RF models using image-

derived features produced excellent prediction for clay (R2=0.98) and sand (R2=0.97). More 

research is necessary, incorporating more soil samples representing all soil textural classes, 

showing all possible soil colors in the pedogenic environment. 

 

Keywords: PXRF; Nix; DRS; smartphone; organic carbon; random forest 
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Graphene and related materials have fascinated the scientists for their electrical, mechanical, 

optical, and thermal properties. However, the large-scale production is challenging towards the 

application of these materials. Chemical oxidation of graphite to prepare graphene oxide (GO) and 

its reduction to reduced GO (rGO) is preferred widely, for rGO possessing structural and property-

wise similarity with pristine graphene. The dissertation synthesizes GO by pre-treating graphite in 

an acid mixture, followed by chemical oxidation by modified Hummers approach. The pre-

treatment mildly intercalates the stacked carbon layers from 146 to 115, and forms intermediate 

complexes, acting as the primary reaction sites during the chemical oxidation. The chemical 

oxidation causes significant oxidation and intercalation of graphite.  

 

Thermal treatment is considered as the most convenient and economic method to reduce GO. The 

dissertation inspects various aspects of thermal reduction of GO at standard atmospheric 

conditions. Thermal energy eliminates the functionalities from the carbon planes of GO as gaseous 

entities, which generates enormous pressure between the carbon layers, ultimately causing 

exfoliation. The onset temperature, achieving exfoliation of the carbon layers with significant 

enrichment of the carbon content, detected at 325oC. The optimum temperature for thermal 

reduction of GO, designating maximum carbon enrichment is determined at 350oC. The structural 

transformation from GO to rGO by thermal treatment is characterized by sudden enrichment of 

carbon content, and the shifting of the first peak in the XRD pattern from 10o to 23o. Thermal 

reduction of GO follows zero-order kinetics, signifying its temperature dependency. The 

dissertation characterizes the potential of the produced GO and rGO as antibacterial agents against 

gram-positive (Staphylococcus aureus) and gram-negative (Pseudomonas aeruginosa) bacteria 

strains. The bactericidal properties of graphene- related materials had been controversial, which is 

addressed by confirming the antibacterial efficacy of GO and rGO against both bacteria strains. 

GO inhibits cell growth of S. aureus and P. aeruginosa by 93.7% and 48.6%, respectively, whereas 

rGO restricts the growth by 67.7% and 93.3%. The functionalities of GO induce reaction driven 

damage to the bacteria cells, whereas rGO imparts mechanical and oxidative stress to the cell 

membranes of the bacteria cells.  

 

Keywords: Chemical oxidation, Thermal reduction, Exfoliation, Bactericidal properties. 
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The present work aims at the development of a nanocomposite hydrogel purposed for wound 

healing. The effect of the reaction solvent on the morphological and electrical properties of 

magnesium oxide nanoparticles was investigated. Different solvents like water, ethyl alcohol and 

aqueous CTAB were employed and the resultant nanoparticles varied in size, shape, surface zeta 

potential and their antibacterial ability. The MgO synthesized in ethyl alcohol exhibited minimum 

size and maximum ability of bacterial cell annihilation. About 3 log reduction was observed in 

colony forming units, and about 65% reduction in optical density at 600 nm. FESEM images were 

taken at different time periods to visualise the gradual rupture of the bacterial cell membrane. For 

getting an insight on the mechanism via which MgO nanoparticles act on bacterial cells, the 

reactive oxygen species generated in the cells in the presence of the nanoparticles were quantified. 

About 10 times more ROS were found to generate in cells, leading to enormous oxidative stress. 

Ascorbic acid was used to scavenge the ROS generated, and the antibacterial potential of MgO 

was found to reduce significantly by the scavenging. Hence, generation of ROS was proposed to 

be the dominant antibacterial mechanism of action of MgO. Fabrication of a nanocomposite was 

carried out with poly-vinyl alcohol and poly-ethylene glycol-4000 using freeze-thaw method and 

magnesium oxide nanoparticles were embedded within it. Magnesium oxide nanoparticles was 

found to have altered the swelling ratio, water content, tensile strength and other properties of the 

hydrogels, along with increasing their antibacterial efficacy, making these films potential 

candidates as wound dressing bandages. The nanoparticle leaching from the films were also found 

to be significantly minimal, reducing the risk of metal accumulation on wounds. The assessment 

the performance of the epidermal growth factor loaded PVA-PEG-MgO hydrogels in wound 

contraction was done on a live rat model. It was found that the bare and unloaded hydrogels both 

induced cell proliferation, but the growth factor accelerated the process by many folds. The 

hydrogel films were found to be biocompatible and triggered cell growth. Several parameters 

indicating wound healingwas studied like wound size contraction, angiogenesis, and re-

construction of damaged epithelial layer by microscopic methods.  

 

Keywords: nanoparticles, hydrogels, nanocomposite, antibacterial mechanism, reactive oxygen 

species, magnesium oxide   
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With systems and processes becoming complex, their seamless functioning—be a factory, a 

service utility, or a public infrastructure—has become vital to sustain an enterprise’s growth and 

prosperity in the long run. To this end, the research works on modelling and analysis of cargo 

vessel scheduling in seaports are appraised and reported in the thesis. From the review of existing 

research works, the problem dimensions, factor combinations, and uncertainties are determined. 

The critical findings from the modelling approaches are used to propose a research methodology 

by which the objectives of the research work are accomplished. To proceed with developing a 

dynamic cargo vessel schedule, a simple representation of the job-shop equivalent of vessel 

schedule is given. Analysis of the model is performed in exact method and heuristics by 

incorporating the empirical and real-time data on cargo vessel handling from a riverine tidal port 

in east India. It is found that while all the three methods are successful in reaching the defined 

scheduling objective, the heuristic solution provides better result compared to the exact ways. The 

limitations of the simple scheduling model are further addressed by adding quantity, processing 

time, and completion time bounds. As the proposed model, despite giving an initial value of 

turnaround time, is unsuccessful in reaching the optimality, an alternative multiple server 

Markovian queuing model is proposed and solved by Discrete Event System Simulation (DESS). 

Ship arrival and service probability distributions, determined from analysis of collected data, are 

added in the simulation model. The result revealed significant decrease in mean turnaround time. 

The processes involved in shipping are grouped in terms of their value addition. However, as the 

simulation output does not consider the effects of tidal variations and time window of operation, a 

third mathematical model is developed considering the tidal effect, water level constraints, 

precedence, and time window of operations. The tidal data obtained for the year 2018 is used to 

forecast the high tide level in the following year. The model is subsequently initialized and solved 

by relaxing the hard constraints. Also, a few instances of the permutation schedules are also given 

to envisage the wide variety of feasible sequencing options available.  

 

Keywords: Ship Scheduling, Mixed Integer Linear Programming, Shifting Bottleneck Heuristics, 

Multiple Server Queue, Discrete Event System Simulation, Tidal Analysis, Permutation Schedules 
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Environmental degradation is one of the most widely discussed issues in resource and development 

economics. Due to environmental degradation, the loss of economic output, livelihood, and 

biodiversity has been noticed in developing countries. Therefore, environmental quality 

management is vital for developing countries like India in attaining the Sustainable Development 

Goals. In this vein, the thesis explores the drivers of environmental degradation in India by 

assessing the role of foreign energy aid inflows, total technological innovations and overseas eco-

friendly innovation collaboration in carbon dioxide emissions function. Further, it considers total 

foreign aid inflows, total overseas innovation collaboration, real economic growth, total primary 

energy consumption, overall globalization, net foreign direct investment and remittance inflows 

as control variables in carbon dioxide emissions functions for India.  

 

The secondary data for this study are drawn from various published sources, such as Aid Data 

Research Release, 2.1, Credit Reporting System (CRS), the Organization for Economic Co-

operation and Development (OECD, 2010-2014), World Development Indicators (WDI), 

Konjunkturforschungsstelle (KOF) Swiss Economic Institute, World Intellectual Property 

Organization (WIPO), and Statistical Review of World Energy- British Petroleum (BP). These 

data sources have been used for the empirical analysis. However, the study period is not uniform 

for the three objectives due to different key independent variables (i.e. total foreign energy aid 

inflows, total technological innovations and overseas eco-friendly innovation collaboration). 

Besides, time series econometric tools have been employed for evaluating the stated goals.  

The study finds foreign energy aid inflows and total technological innovations harm the 

environmental quality in India while overseas eco-friendly innovation collaboration improves it. 

The findings suggest that the Indian government should utilize foreign energy aid more towards 

the higher clean energy generation. Similarly, total technological innovations should be made eco-

friendly in India to mitigate climate change and house greater overseas eco- friendly collaboration 

with other economies for long-term environmental quality sustainability.  

 

Keywords: Environmental degradation; Foreign energy aid; Total technological innovations; 

Overseas eco-friendly innovation collaboration; Time series; India 
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An ideal drive can supply any amount of power irrespective of the load on the system. In reality, 

all drives are non-ideal, i.e., they can only provide a limited amount of power because the drive 

dynamics has complex coupling with the dynamics of the driven or load system. A rotordynamic 

system requires high power/torque to accelerate through the resonance conditions and reach super-

critical operating speeds. If there is insufficient power to overcome the resonance then the rotor 

speed may get arrested at the resonance and the resulting increase in the whirl vibration amplitudes 

can damage the rotor system. For a non-ideal drive, it is essential to determine the peak power 

requirement from the driving source (sizing of the actuator) to smoothly transit through the 

resonance, which largely depends on the particular system configuration. In this thesis, the load 

system is a rotordynamic system, the non-ideal prime mover is a permanent magnet type Direct 

Current (DC) motor, and the drive and the load are then coupled and configured in different ways. 

First of all, the load system is considered to be a rigid rotor with an eccentric disc that produces 

unbalance force and structural vibrations in the flexible anisotropic bearings supporting the rotor 

shaft. Due to the anisotropy in the supports, two instances of Sommerfeld effect characterized by 

non-linear jump phenomena at the vicinity of both forward and backward whirl critical speeds are 

shown to occur in the system. The transition through both the resonance conditions is examined. 

These nonlinear jump phenomena occur due to saturation of the drive power at the resonance 

conditions and such a phenomenon is termed as the Sommerfeld effect of first kind. Approximate 

analytical predictions based on averaged dynamics are made for the location and magnitude of the 

frequency and amplitude jumps during passage through the two resonances. Thereafter, transient 

analysis of the integrated drive-rotor interactions is performed with the help of a bond graph (BG) 

model and the analytically predicted approximate results are validated.  

 

Asymmetry in the rotor shaft is known to cause parametric instabilities in certain speed range of 

operations in a rotordynamic system. No consideration is made in idealized system models of such 

systems regarding the energy or power needed to sustain the growing whirl amplitudes in the 

regimes of parametric instabilities. However, a real or non-ideal drive cannot provide arbitrarily 

large power. In this thesis, the passage through the parametric instabilities in a non-ideally driven 

rotordynamic system has been explored for the first time. Two different rotor configurations are 

considered: the first is a rigidly supported flexible rotor shaft with asymmetric cross-section and a 

central rotor disc, and the second configuration additionally considers flexible and asymmetric 

rotor shaft supports. Non-linear jump phenomenon and missing speed range are found in the 

vicinity of each parametric instability regime and such a phenomenon is termed the Sommerfeld 

effect of second kind. This phenomenon is distinctly different from the usual Sommerfeld effect 

(of first kind) because it is related to instability of the rotor whirl rather than the resonance in the 

synchronous rotor whirl. In fact, appearance of the Sommerfeld effect of the second kind does not 
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require any rotor unbalance; any small disturbance from equilibrium position is enough to generate 

exponential growth of whirl amplitudes. Under insufficient drive power, the motor speed is shown 

to get captured at the onset boundary of the unstable region and remains perpetually caught there 

if the motor power output is slowly increased. The transition from the lower stable range to higher 

stable range through a middle unstable speed range requires the rotor spin to accelerate quickly 

through the unstable speed range before the whirl amplitudes grow substantially and create energy 

scarcity for rotor spin acceleration. As a consequence, when rotor spin escapes the unstable speed 

range, it reaches a substantially higher speed with decaying whirl amplitudes. Rotor shaft material 

damping and/or circulatory forces in the bearings lead to a permanent super-critical stability 

boundary in rotor systems. This instability occurs in the asynchronous rotor whirl. At this 

permanent stability threshold, any increase in the motor power does not change the rotor speed 

and the surplus motor power simply contributes towards increased asynchronous whirl amplitudes. 

There is no jump phenomenon present in this case because there is no higher rotor speed at which 

the system is stable and can have lower whirl amplitude. Such permanent capture at the permanent 

stability boundary is termed the Sommerfeld effect of third kind.  

 

Depending upon the number of parametric instability regions and the desired operating speed, a 

number of transitions through the unstable regions are observed. In certain situations, escape from 

one unstable speed range may lead to capture at another unstable speed range or simultaneous 

escape from the next unstable range. The dynamics of this rotor system is analytically and 

numerically studied in this thesis. The numerical simulations are performed with a multi-energy 

domain Bond Graph (BG) model which guarantees energetic consistency of the model. Further, a 

driveline rotor system comprising two universal joints and a non-ideal source is studied and it is 

shown that Sommerfeld effect occurs at several discrete speed ranges. Particularly, a system 

comprising a heavy rotor which is coupled to a motor through a long and torsionally flexible drive 

shaft with universal joints (Ujoints) at its both ends is studied numerically. The U-joints are 

arranged in Zconfiguration to minimize the speed fluctuations between the input and output shafts. 

It is assumed that the driveline is supported along its entire length to prevent lateral deflections 

and bending. It is shown for the first time that the Sommerfeld effect of first kind also occurs due 

to the resonances of the torsional vibration modes and these torsional modes are excited due to the 

time-varying terms in the equations of motion. In fact, the Sommerfeld effect occurs at the 

torsional critical speed and its subharmonic speeds. The escape through each resonance is 

associated with a sharp jump in speed and reduction in torsional vibration amplitude. The nature 

of the dynamic response is affected by the rate at which the input shaft torque or power is varied. 

However, U-jointed drivelines produce time varying bending moments in addition to time varying 

axial moment or torque. Therefore, finally, a different U-jointed driveline (a truck suspension 

system) where the bending moments produce lateral deflections and periodically change the joint 

angle is studied. The system has many regions of parametric instabilities. In the realistic range of 

operating torque and speed, the expected Sommerfeld effect of second kind at the boundaries of 

the parametric instability regions did not occur in this system. However, the non-ideal drive is 

shown to be able to operate the system safely in the vicinity of those instabilities and even within 

the unstable speed ranges, which, otherwise, is not possible with an ideal drive. 

 

Keywords: Non-ideal source, Sommerfeld effect, jump phenomena, rotordynamics, parametric 

instability, double U-joint driveline, bond graph. 
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The release of pathogenic and industrial effluents into aqueous environment is being a vital 

environmental threat for its lethal effects on living beings. Adsorption and photocatalytic 

degradation are proved to be the most attractive techniques to treat waste water, due to their low 

cost, easy operation and high efficiency. The synthesis of adsorbents a photocatalysts from 

industrial solid waste and abundantly available raw materials makes the process more beneficial. 

In this way, the solid waste disposal problem can also be addressed, while controlling the water 

pollution problem. Coal fly ash, which is a solid waste generated in thermal power plant, is well 

known hazard for the environment. Besides, it is composed of considerable amount of alumina 

and silica, which enable it to be used as the raw material for synthesizing adsorbents and 

photocatalysts. In this dissertation, we fabricated some adsorbents and photocatalyst from coal fly 

ash, waste aluminium and ferric chloride. Alumina-silica nano-sorbent was synthesized from coal 

fly ash and waste aluminiumm foil using sol-gel technique. The waste aluminium foil was used to 

optimize the alumina silica ratio. The nanosorbent was characterized thoroughly and proved to be 

an efficient adsorber for heavy metals and organic dyes. Additionally, silica supported metal 

organic framework (MIL 53(Al)@SiO2) was synthesized from coal fly ash and waste aluminium 

foil by solvothermal process. The beneficial physicochemical properties of synthesized MOF were 

ensured by in-depth characterization. The novel MIL 53(Al)@SiO2 was proved to be an efficient 

adsorbent and satisfactory photocatalyst for treating phenolic waste contaminated water. The 

photocatalytic activity and the adsorption power of the MIL 53(Al)@SiO2 were further increased 

by incorporating iron in the structure of the MOF. The newly synthesized MIL 53(Al-Fe)@SiO2 

offered considerably increased adsorption capacity and photocatalytic activity. The successful 

incorporation of iron in the MOF structure was proved by the characterization techniques. The 

MIL 53(Al-Fe)@SiO2 was successfully used to remove organic dye from waste water. Eventually, 

another binary MOF (based on iron and copper) was synthesized by one pot solvothermal process. 

The newly fabricated MIL 53(Fe-Cu) was proved to be an efficient adsorbent and promising 

photocatalyst, which can be recommended to remove and degrade pharmaceutical wastes from 

effluents. 

 

Keywords: Adsorption; photocatalytic degradation; alumina-silica nano-sorbent; metal organic 

framework; coal fly ash; waste aluminium foil 
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This thesis mainly focuses on the semi-analytical and numerical modelling of sediment transport 

in open channel turbulent flow. Theoretical models for suspended sediment concentration, grain-

size distribution in suspension and flow velocity have been developed incorporating various 

important turbulent features. A theoretical model for steady two-dimensional suspended sediment 

transport in an open channel turbulent flow mixed with sediments, has been proposed 

incorporating hindered settling mechanism and taking realistic boundary conditions. An 

approximate analytical solution (series solution) of the obtained highly nonlinear partial 

differential equation (PDE) with variable coefficients is proposed using two different approaches, 

namely, Laplace transform based homotopy analysis method (LHAM) and method of lines based 

homotopy analysis method (MOL-HAM). Besides this, another model for one-dimensional 

unsteady suspended sediment transport equation taking arbitrary sediment diffusivity and same 

boundary conditions as well as settling velocity considered in the previous model, is suggested and 

a semi-analytical solution is presented using the method of lines based homotopy analysis method. 

The convergence of this semianalytical solution is gained through a convergence control 

parameter. This model is further extended considering the effect of stratification and a numerical 

solution is proposed. Changes between stratified and non-stratified concentration profiles with 

respect to time have been investigated. To compute the concentration distribution of various grain-

sizes over erodible beds of different configuration in a steady transport problem through an open 

channel, a mathematical model has been developed based on advectiondiffusion equation. Effects 

of various parameters in the computation of reference level and reference concentration are 

considered. The concentration distribution of different grain-sizes along a vertical as well as along 

the main flow direction has been investigated by considering hiding and hindering effect. For 

studying mechanism of sediment transport in river flows, open channel flow is a prototype. A 

model for two-dimensional distribution of streamwise velocity is derived from the RANS equation 

for an open channel turbulent flow which is steady and uniform along the main flow direction. 

Secondary flows both along vertically upward direction and along lateral direction are considered. 

Inclusion of secondary current brings the effect of dip phenomenon in the model. The resulting 

second order partial differential equation is solved numerically and is compared with the 

experimental data. To understand the sediment transport process in an open channel turbulent flow 

completely, simultaneous study of velocity and concentration is important as they are 

interconnected by particle-turbulence interactions. A coupled model of these two has been 

developed including stratification and hindered settling effect and the nonlinear system has been 

solved by homotopy analysis method (HAM). The knowledge acquired from the overall study may 

help to address problems in the field of river erosion and sedimentation, coastal sediment transport 

and two phase flow. 
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An interpretive community, according to Fish, is a group of people who share similar social and 

institutional goals, purposes, and interests. To read a text, a competent reader, as a member of an 

interpretive community, employs interpretive strategies or a set of community assumptions which 

exist before the act of reading and therefore determine the shape of what is read. Some theorists 

suggest that what constitutes an interpretive community is still unknown to us and that a general 

theory cannot be expected about the creation, maintenance and dissolution of such groups. This 

implies the necessity for empirical investigation in the field. But existing literature shows that not 

much work has explored the creation of interpretive communities following a systematic empirical 

investigation. Fish in his writing suggests that meaning is possible only within a structure or a 

system or an interpretive community. The structure is not abstract. It can change when a particular 

situation with all its previous purposes, practices and goals, changes into another. Thus it will be 

interesting to explore how a new structure or interpretive community emerges or is created when 

one situation is purposefully changed into another. The present study attempts to do so in two ways 

in a print advertising environment. First, it attempts to explore if interpretive communities can be 

created by manipulating the perception of the audience through priming. Two different priming 

texts, informative and aesthetic in orientation, are provided to the audiences after which they are 

asked to respond to two sets of images of fruits and a mountain. Eye tracker is used to record their 

gazing behavior, and audience response is used to identify their preferences and their reaction to 

the images. Secondly, it tries to examine if interpretive community can be created during the 

process of viewing the advertisement by directing attention to specific visual and textual rhetorical 

components. Four pairs of proxy advertisements, with minute changes in visual and verbal rhetoric 

in each pair, are introduced to different audiences in noncomparative and comparative manners. 

Preference, persuasiveness and open response to the ads under the two conditions are documented. 

Findings in the first case suggest that contextual priming effectively manipulated the perception 

of the audience and they commented or reacted in two different ways. In the second case, results 

suggest that the effect of minute changes using visual and verbal rhetoric were not perceived 

distinctively when the ads were presented noncomparatively; however, when presented 

comparatively, the paired ads created interpretive groups whose ways of interpretation were 

significantly affected and similarly modified by the presentation strategies. The distinct pattern of 

responses by the two audience groups in both cases provides preliminary evidence and support for 

the creation of new interpretive communities on a short-term basis, before and during the audience 

presentation to the advertisement. The results have implications for the theoretical expansion of 

Fish’s concept of interpretive community in general and suggest ways that interpretive 

communities can be strategically manipulated and formed in the context of media.  
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The human body generates a diverse range of biosignals that characterize the physiological state 

of the vital organs of the body. Heart sounds, the acoustic signal generated by the mechanical 

activity of the heart and blood ow, are one of the oldest biosignals used for diagnostic purposes. 

However, our limitations as a human listener have constrained its use for the diagnosis of cardiac 

diseases. Nevertheless, the advent of machine learning and signal processing techniques for 

biosignals has given a fillip to the detection of myriad cardiovascular diseases (CVD) using the 

electronic record of heart sounds, termed as phonocardiogram (PCG). Among various CVD, 

coronary artery disease (CAD), a chronic cardiac disorder is gaining interest for PCG based study 

as it can serve as noninvasive, point-of-care diagnostic tool in comparison to the existing methods. 

The focus of this dissertation is to investigate a hierarchy of features for CAD detection using 

multichannel PCG signals. The experiments for the proposed methods are performed on PCG 

signal acquired from four auscultation sites on the left anterior chest. The proposed frameworks 

are compared with two baselines, referred as baseline-1 and baseline-2. Baseline-1 is based on 

bag-of-features approach and baseline-2 on subband moments of power spectrum density. Heart 

sounds propagate to different auscultation sites with delay, accompanied with change in waveform. 

However, the abnormalities get manifested in them as a whole. We compare cross power spectrum 

density (CPSD) of PCG from two auscultation sites as a toolbox for spectrum analysis. However, 

instead of using the magnitude of CPSD, we use imaginary part of CPSD. Imaginary part renders 

advantage in terms of robustness against ambient/environmental noise. With subband based 

features, proposed method performed comparable to baseline-2 and was better than baseline-1. 

Spectrum analysis fails to capture the transient abnormalities occurring at different phases in the 

cardiac cycle. In the second hierarchy, we study one of the reassignment time-frequency 

representations, namely Synchrosqueezing transform (SST) using time varying entropy in its 

subbands. Later, a score-level fusion of possible channel combinations is performed to amplify the 

performance. Results show considerable relative improvement from both the baselines. Finally, 

we step towards a higher-order of hierarchy for features, namely representation learning. 

Handcrafted features require domain knowledge as well as the ability to represent the 

discriminative factors with corresponding metrics. However, there may be some latent factors 

which are not available as observable quantities. Pre-trained Convolutional Neural Network are 

used to obtain such latent features from SST of PCG. Later, a multiple kernel approach is proposed 

for fusion of entropy features extracted previously from SST and learned representations from 

SST. This proposed framework surpasses all the previous contributions and baselines in accuracy 

by noteworthy improvement. Thus, overall this dissertation shows the potential of developing a 

non-invasive, inexpensive, point-of-care diagnostic CAD detection system using PCG. Such a 

system is expected to improve the healthcare accessibility in general and reach out to the 

marginalized in particular.  
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Keywords: Atherosclerosis, Convolutional neural network, Coronary artery disease, Imaginary 

part of cross power spectral density, Multichannel, Multiple kernel learning, Phonocardiogram, 

Synchrosqueezing transform, Transfer learning. 
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Safe disposal of construction and demolition (C&D) waste is a major challenge to the construction 

industry globally. The utilisation of C&D waste in concrete as aggregate is considered as one of 

the promising sustainable approaches. Aggregates that are prepared by crushing C&D waste are 

known as recycled aggregate (RA). However, excessive water absorption, weak interfacial 

transition zone, and high porosity are its shortcomings. This is because of the attached mortar 

(AM) on the aggregate surface which limits its effective utilisation into fresh concrete. Moreover, 

the property of recycled coarse aggregate (RCA) is highly uncertain as it is completely dependent 

on the source and quality of parent concrete waste. A detailed characterisation of RCA is deemed 

imperative before its use into concrete. The present work in this thesis consists of a better 

understanding of the C&D waste problem, its characterisation, prediction of the performance of 

aggregates into concrete, and treatment on aggregates with the aim for enhancement of the 

property. The aggregates are classified qualitatively according to the attached mortar proportion. 

This thesis introduces the petrographic analysis on both natural coarse aggregate (NCA) and RCA 

for an improved understanding. Both the qualitative and quantitative petrographic analysis results 

are reported. It is observed from the characterisation that RCA is a different kind of aggregate and 

the obtained grade is ‘fair’ which cannot be comparable with NCA. Therefore, a pre-treatment on 

RCA is needed for its enhanced performance. This thesis explores all the possible treatment 

methods published in the literature on RCA to improve its drawbacks. Moreover, the advantages 

and constraints of each method are identified. With the aim for effective upcycling of RCA in 

concrete, suitable treatment methods were adopted to improve its drawbacks. This study explores 

the strengthening of AM by conventional cement slurry treatment and a more recent, biocement 

treatment. Microbial-induced carbonate precipitation through bio-mineralisation treatment has 

been utilised to fill the surface pores of RCA which acts as a barrier to prevent water absorption. 

A novel spraying technique has been applied that significantly economises the bio-cement 

material. The aggregates are treated with conventional cement and bio-cement separately. The 

effect of the treatments on the aggregates has been recorded. Both the treated and control 

aggregates are used for concrete production and their performance is evaluated. Moreover, to study 

the concrete-aggregate interface, a novel method of creating concrete cubes with one aggregate 

has been explored. Damage progression at the interfaces has been recorded with advanced 

monitoring techniques. It has been observed that the biocement treatment can reduce the water 

absorption of RCA significantly. The experimental results showed that biocement treatment 

reduced the water absorption by 70%. A microstructural study demonstrated that biocement, due 

to its extremely low viscosity, is able to penetrate the porous interfacial mortar and densify it. 

Thus, overall improvement of aggregate properties has been achieved. However, cement slurry 

treatment increases the water absorption of RCA as the applied cement slurry is comparatively 
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porous than NCA. The compressive strength of concrete with 100% bio-cement treated RCA 

surpasses that of concrete with NCA. The genesis of this dramatic improvement in the case of bio-

cement has been established through micro-scale studies including scanning electron microscopy 

and energy-dispersive X-ray spectroscopy. Quality improvement of RCA after any treatment 

methods and its environmental impacts have been estimated using life cycle analysis. The present 

study compares the environmental impacts of such treatment methods on RCA and tries to find 

out the most suitable method with minimum impact. A separate discussion on environmental 

impact analysis of different control and treated aggregate concrete has also been reported. Cost 

analysis supportes the applicability of the suggested method. Overall, the research contributes to 

the understanding of insights of C&D waste issues, weakness of RCA and mitigation strategies, 

establishment of efficacy of the applied method and benchmarking, and finally, possible disposal 

solution by complete replacement of NCA with treated RCA to achieve sustainability in the 

concrete industry. 

 

Keywords: Construction and demolition waste, Recycled aggregate, Treatment methods, 

Attached mortar, Sustainability, Bio-cement, Life cycle assessment, Scanning electron microscopy  

  



 

 220 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

BUTT WELDING OF ZIRCALOY-4 USING ELECTRON BEAM 

WELDING: TEMPERATURE, STRUCTURE, PROPERTY 

CORRELATION 

 

Lord Jaykishan Nayak 

Supervisor:  Prof. Gour Gopal Roy 

Department of Metallurgical and Materials Engineering 

Accession No: NB17398 

 

 

The present study investigates the effect of heat input and beam oscillation on electron beam butt 

welded zircaloy-4 plates of similar and dissimilar thicknesses. Temperature and cooling rates are 

measured in weld using thermocouples, and FEM model, which correlates with the evolution of 

microstructure, and properties of the weld.  

 

Full penetration butt joints of zircaloy-4 were prepared by electron beam welding at different heat 

inputs. The study revealed that joints produced with lower heat input possessed narrow fusion zone 

and heat-affected zone, and more refined grains, attributed to a lower peak temperature and faster 

cooling rate. Joint prepared with lower heat input further demonstrated the formation of fine 

basketweave widmanstätten structure in the fusion zone. In contrast, joints prepared with higher 

heat input showed a coarser parallel plate widmanstätten structure. The fusion zone of all joints 

consisted of the α-Zr and β-Zr phases with second phase particles, i.e., ZrCr2 or Zr(Cr, Fe)2. Joints 

produced with lower heat input possessed higher ductility, notch tensile strength, minimum pitting 

corrosion, and better wear resistance compared to joints produced at higher heat input. Enhanced 

weld properties at lower heat input were attributed to a finer microstructure and less second phase 

precipitation.  

 

Plates of zircaloy-4 of dissimilar thicknesses were butt-welded by electron beam welding. Thicker 

plates demonstrated lower peak temperature, fast cooling rate, a more refined grain size, and 

narrow fusion zone and heat-affected zone than those on the thinner plate of the weld. Lack of 

penetration and porosity developed in the dissimilar joints of higher thickness ratio at constant heat 

input, attributed to heat deficiencies for full penetration. Such dissimilar joints also demonstrated 

lower ductility and impact strength than the joint prepared with similar thickness. Dissimilar joints 

made at higher heat input achieved full penetration but caused grain coarsening, producing inferior 

weld properties.  

 

Full penetration butt joints of zircaloy-4 were prepared by electron beam welding using both 

oscillating and non-oscillating beams. Joints prepared with beam oscillation demonstrated lower 

peak temperature and faster cooling rate than their non-oscillating counterpart. Electron beam 

oscillation produced a narrow fusion zone and fine basketweave widmanstätten structure in the 

fusion zone of the butt-weld. In contrast, joints produced with non-oscillating beams showed the 

evolution of coarse parallel plate widmanstätten structure. Segregation of solute elements (Cr, Fe) 

and precipitation of second-phase particles was found minimum in the fusion zone of the joint 

made with beam oscillation. Joints prepared with beam oscillation, especially with higher 

oscillation diameter, possessed better ductility, impact strength, notch tensile strength, and 
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minimum corrosion rate than their non-oscillating counterparts. Better weld properties under beam 

oscillation were attributed to more uniform microstructure and defect distribution in the weld. 

  

Keywords: Electron beam welding, zircaloy-4, heat input, beam oscillation, dissimilar thickness, 

Temperature measurement, Finite element analysis, Microstructure, Mechanical properties, 

Corrosion properties 
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The Subarnarekha river basin in Eastern India, draining an area of 19,296 km2, is facing 

considerable land and water resources constraints due to rapid deforestation, urbanisation and 

population growth. The present study focuses on the integrated management of land and water 

resources to achieve the sustainable development goals (SDGs), i.e., clean water and sanitisation 

(SDG-6) and life of land (SDG-15), in the basin. The study deals with two aspects: the first one 

highlights the ongoing sustainability issues, i.e., climate change, land use land cover (LULC) 

change, rainfall pattern change, and the combined climate and LULC changes, while the second 

deals with the spatial pattern-oriented evaluation of a distributed hydrological model in the basin. 

Two distributed hydrological models, MIKE SHE/MIKE HDRO RIVER and SWAT, are used to 

achieve the objectives. Regional climate models (RCMs) are utilised to obtain future climate 

projections, while several hybrid models, i.e., a combination of machine learning and statistical 

techniques, are used for LULC predictions. For simulating the combined impact of climate and 

LULC changes, a spatially explicit integrated modelling system, i.e., a combination of LULC 

change model, hydrological model, and set of climate models, is developed. The segregation of 

uncertainty associated with the future streamflow is performed through ANOVA. Moreover, three 

spatial performance metrics are used to carry out the spatial pattern-based evaluation. Overall, 

results suggest that the Multilayer perceptron Markov model (MLP-MC) outperforms other 

techniques for LULC prediction. The MLP-MC model projections show that in comparison to 

2011, by 2030, agricultural land and dense forest may decrease by 8.3 and 28.2%, respectively, 

while scrubland and the built-up area may increase by 22.5 and 87.3%, respectively. A hybrid 

scenario, i.e., the combination of sustainable and economic growth, is the most plausible for the 

basin. Rainfall magnitudes with smoothened means show the possibility of early monsoon 

occurrences (8 to 23 days ahead) during future periods. Results under combined climate and LULC 

changes suggest that low, high, and medium flows will probably increase by 20%-85% in future, 

indicating a higher risk of floods, especially in the 2050s and 2080s. Segregation of uncertainty 

suggests that the RCMs are the main contributor (>45%) to the uncertainty in streamflow 

projections. Spatial pattern-oriented evaluation of the hydrological model results in an acceptable 

performance of the model in mimicking the observed spatial patterns temporally. The uncertainty 

analysis shows reasonable predictive ranges, with a 95 per cent prediction uncertainty (PPU) band 

enclosing 83%-97% of actual evapotranspiration and 85%-98% of the soil moisture observations. 

These findings will help achieve the SDG-6 and SDG-15 over the Subarnarekha and nearby basins 

of Eastern India.  

 

Keywords: ANOVA, climate change, LULC, machine learning, MIKE SHE/MIKE HYDRO 

RIVER, SDG, SWAT, uncertainty 
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Metal foams are used in several industries for their high strength to weight ratio, low density, high 

surface area, and enhanced damping properties. Open-cell metal foams with interconnected pores 

are used as functional structures, in filtration, sound absorption, and heat exchangers. However, 

fabrication of open-cell metal foams with uniform pore morphology and porosity is challenging. 

Among the developed methods, sintering and dissolution is commonly used to fabricate opencell 

metal foams with desired pore morphology. Conventional sintering methods used to sinter metal-

spacer mixture have limitations including sintered parts shape and size, lower heating and cooling 

rate, inert sintering environment, etc. Friction stir processing (FSP), which can generate high 

temperatures and pressure, can be used to sinter metal powder and metal-spacer mixtures. 

However, FSP has many drawbacks including wastage of die material, joining of sintered parts 

with the die, breakage of spacers during processing, and involvement of many steps. In this work, 

sintering is done using a friction processing method where the tool does not come into direct 

contact with the powder mixture but generates pressure and temperature needed for sintering. 

Powder mixture was prepared by mixing copper powder with NaCl spacers using a mechanical 

stirrer. Electrolytic copper and cuboidal NaCl spacers were used as the starting materials. Three 

different setups were developed for fabrication of small cylindrical, large plate, and hollow 

cylinder copper foam parts using sintering and dissolution process. Setups and tool paths were 

chosen to get the desired shape and size of sintered parts. The setups have four essential parts: (i) 

top sheet or outer pipe, (ii) middle block, (iii) bottom plate or inner pipe, and (iv) the tool. For 

small cylindrical parts, powder mixture was compacted using die, punch, and support to get the 

green compacts. For large plates and hollow cylindrical parts powder mixture was manually 

rammed to the desired shape. Pressure and temperature needed for sintering were obtained by 

plunging a rotating tool into the top sheet in the setup. Other than the top sheet, the setup is 

reusable. Metal-spacer mixture insertion in the setup and removal of sintered metal-spacer parts 

after sintering from the setups were straightforward. 3-axis and 6-axis friction stir welding 

machines were used for friction processing. NaCl was removed from the sintered parts using 

dissolution process. Dissolution time depends on the sample size and the volume fraction of NaCl. 

Almost all NaCl was removed during the dissolution process. K-type thermocouples and FLIR 

thermal imager were used to measure the process temperatures. Postprocessing was done to 

investigate the microhardness, porosity, microstructure, and mechanical properties of sintered 

parts. Porosity and pore morphology were found to depend on the volume fraction of NaCl and 

shape and size of NaCl particles, respectively. Number of passes and plunge depth per pass 

affected the sintering temperatures and pressure. As the plunge depth increases pressure applied 

on the top sheet also increases. Plunge depth higher than critical value results in machine vibration, 

whereas lower plunge depth leads to lower pressure and higher sintering time. Microstructures of 

fabricated copper pellet and copper foams were studied using scanning electron microscopy and 
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microcomputed tomography. Pore morphology of metal foams was similar to that of NaCl spacers. 

Collapse of copper wall was not observed during the removal of NaCl, indicating good copper 

bonding during processing. Mechanical properties were studied using the compression tests. With 

the increase in porosity, plateau stress decreases. This was due to lower copper wall thickness and 

higher interconnected porosity. A detailed study was conducted on effect of tool traverse speed on 

microstructure, porosity, and mechanical properties. The fabricated foams were found to be of 

partially open-cell type with interconnected pores. 

 

Keywords: Friction processing, sintering and dissolution, metal foam, copper pellet, solid-state 

sintering, NaCl spacers.  
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The activation of naïve T cells is a two-step process: the first, antigen-dependent step is mediated 

by engagement of the T cell receptor present on the T cell with the cognate peptide-major 

histocompatibility complex (pMHC) expressed on the antigen presenting cell (APC). However, 

this signal by itself is unable to drive the activation of naïve T cells. The second, antigen-

independent step, is driven by the interaction of a T cell costimulatory receptor expressed on the 

T cell surface with its partner protein expressed on the APC. For example, post TCR-pMHC 

engagement, the binding of CD28 (on the T cell) to B7-1 or B7-2 (on the APC) leads to activation, 

proliferation and differentiation of the hitherto naïve T cell. Subsequently, to restore homeostasis, 

a T cell coinhibitory receptor binds to its cognate ligands expressed on the APC and results in T 

cell suppression. Binding of T cell coinhibitory receptors CTLA-4 and PD-1 to B7-1/B7-2 and 

PD-L1/PD-L2 respectively leads to such coinhibitory signaling. T cell costimulation and 

coinhibition is a complex orchestrated process involving the synchronized interaction of various 

receptor-ligand pairs. Although several such immunomodulatory receptors and their cognate 

ligands are well characterized, there still remain certain emerging proteins with T cell modulatory 

role who are less characterized. The structural and functional characterization of such 

immunomodulatory proteins can be used in the designing of novel therapeutic strategies to 

modulate immune response, both in context of cancer as well as autoimmune diseases. BTNL2, a 

member of the butyrophilin-like family of proteins, is a T cell coinhibitor. However, neither its 

structure nor its binding partner(s) have been identified. The work described in this thesis covers 

the structural and functional characterization of the N-terminal ectodomain of mouse BTNL2. 

BTNL2 forms inclusion bodies when overexpressed in bacterial system, which is refolded in vitro 

and purified. Solution state biophysical characterization was done by size exclusion 

chromatography, analytical ultracentrifugation and one-dimensional proton NMR. Flow 

cytometry-based cell recognition assays showed that refolded BTNL2 binds both B cells and 

PMA/ionomycin activated T cells from mouse splenocytes, which are known to express its 

unidentified binding partner. Further, it suppresses IL-2 production by in vitro activated CD4+ T 

cells, thus demonstrating its T cell coinhibitory nature. These results, for the first time, demonstrate 

that the N-terminal IgV domain alone is capable of recapitulating the T cell inhibitory properties 

of BTNL2. Further, the ensemble structure of BTNL2 has been solved using solution NMR 

spectroscopy. It adopts a beta-sandwich fold typical for IgV domains. NMR relaxation studies for 

the protein backbone show that it is a fairly rigid protein with a few flexible loops. Significantly, 

this is the first reported structure from the entire BTNL family across all species.  The current work 

describes structural and functional characterization of the N-terminal ectodomain of mouse 

BTNL2, and provides insight into identification of its binding partner. 
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Keywords: Immunoglobulin superfamily protein, immunoglobulin fold, immune receptors, T cell 

coinhibition, protein refolding, protein structure, NMR spectroscopy, flow cytometry 
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Eukaryotic proteins have long stretches of amino acids, which do not fold into any 

threedimensional structure. These intrinsically disordered regions (IDRs) interact with multiple 

macromolecules and often act as hubs in protein interaction networks (PINs). IDRs contain short 

linear motifs (SLiMs) of 3 to 10 residues, which are sites for interaction with other macromolecules 

and post-translational modifications. However, SLiMs are hard to identify by experimental or 

bioinformatics methods. Till date only ~4000 SliMs have been identified out of possible 1,000,000 

SliMs in the human genome. This work investigates the physicochemical basis of function of 

SliMs and the possibility of their identification by NMR dynamics experiments.   

The picosecond-nanosecond timescale backbone dynamics of a Drosophila HOX transcription 

factor sex combs reduced (SCR) revealed that the residue-wise flexibility significantly varied in 

its IDR. Short stretches (~5-7) of relatively rigid amino acids were identified, which were linked 

by highly flexible amino acids. Moreover, one of the identified rigid segments interacted with high 

specificity to a partner transcription factor extradenticle. Overall, this work provides clear 

experimental evidence for the “rigid segment model” of IDRs where the rigid segments facilitate 

interaction with cofactors by dampening the loss in conformational entropy upon binding. Also, 

NMR dynamics provides a powerful means to identify rigid segments in IDRs, which can 

potentially be functional SLiMs.  This work also shows that the NMR relaxation parameters R1, 

R2 and NOE can be combined as R1R2/(1-NOE) to efficiently measure residue-wise rigidity of 

IDRs. The robustness of R1R2/(1NOE) in measuring residue-wise rigidity as compared to the 

order parameter (S2) was tested. Both identify the same rigid and flexible segments in the IDR, 

although R1R2/(1-NOE) has a greater dynamic range compared to S2. Furthermore, mutants were 

designed to alter the flexibility of the linker region in SCR, and both methods showed that the 

linker becomes less flexible. However, no change in the ensemble properties were observed for 

these mutants. Interestingly, these mutants had weaker DNA-binding affinity compared to the 

wildtype protein. Thus, residue-wise rigidity plays an important role in IDR function and it can be 

measured using the straightforward and robust parameter R1R2/(1-NOE). 

Keywords: Short linear motifs (SLiMs), rigid segment model, electrophoretic mobility shift assay 

(EMSA), fast-timescale dynamic, order parameter (S2), molecular dynamics (MD) simulation, analytical 

size exclusion chromatography (SEC) 
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In present scenario, greener and eco-friendly protocol (i.e. after the term ‘green chemistry’ was 

first coined by Paul Anastus) is getting special attention in the scientific community due to their 

broad spectrum of advantages over conventional synthetic tools like using nonhazardous 

chemicals, easy separation techniques, offering high to excellent yield and many more. A 

diversified approach towards the synthesis of multiple value-added heterocycles opens up a new 

horizon towards organic catalysis and for this purpose, development of natural resources as 

effective catalyst is what green chemistry aimed to do. Using environmentally benign reaction 

medium, we worked diligently on synthesis of some crucial heterocyclic scaffolds such as pyrans, 

tetraketones, biaryl skeleton, N-heterocycles (i.e. disubstituted benzimidazoles, pyrazoles, aryl 

benzazoles and dihydroquinazolinones (DHQs)) along with substituted β-amino alcohols starting 

from plant poly phenols. It all initiated with designing a facile approach towards the synthesis of 

β-amino alcohols those which have wide applications in pharmaceutical field. They are also used 

as chiral auxiliary in asymmetric synthesis. Synthesizing the same starting from substituted 

transcinnamic acids using an unconventional greener medium coconut juice abbreviated as ACC 

(água-de-coco do Ceará), has established itself as a novel one due to non hazardous, renewable 

feedstock, and energy efficient experimental method. It was followed by density functional theory 

(DFT) based computational study to investigate the mechanistic path for generating desired 

-amino alcohols. ACC was further 

explored as reusable catalyst for synthesis of diols and 4H-pyrans offering both ease of operation 

and impressive yield. Thereafter, tetraketone and substituted tetrahydrobenzo[b]pyran systems of 

high economic and industrial importance compounds were synthesized under in ethanol using 

water extract of tamarind seed ash (WETSA) as catalyst, involving one step multicomponent 

coupling reactions (MCRs). Desired products were separated using simple precipitation technique 

with excellent yield and less reaction time. Recyclability of the catalyst upto four cycles 

channelized the objectives of green chemistry successfully. Then, we developed ex-situ multi-

walled carbon nanotubes-zirconia (MWCNTs-ZrO2) nanocomposite from natural feedstock ACC, 

which acted as a green, environmentally friendly, and nontoxic solvent. Moreover, we utilized the 

aforementioned nanocomposite for synthetic chemistry for the first time. Multiple heterocyclic 

scaffolds like as pyrazoles, disubstituted benzimidazoles, 2-arylbenzazoles, and DHQs were 

synthesized using the MWCNTs-ZrO2 as sustainable and heterogeneous catalyst under green 

reaction medium. The catalyst was recovered easily by filtration and offered reusability upto four 

cycles without any significant loss in catalytic activity. Biaryl skeletons are crucial moiety present 

in drug molecule with anti-inflammatory, antimicrobial property as well as in chiral ligands and 

electron conducting materials. SuzukiMiyaura cross coupling reaction is known for synthesizing 
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biaryl scaffolds in wide range. This time, we focused on generation of in-situ Pd nanoparticles for 

the formation of bi-aryl building block starting from aryl boronic acids and aryl halides, where 

water extract of banana stem ash (WEBSA) was explored as co-solvent and base. The use of 

WEBSA bestowed this protocol with few added advantage as short reaction time, eco-friendly 

medium, recovery of catalyst with further use and less rigorous reaction set up.  In conclusion, this 

work sheds light on construction of green and eco-friendly protocol for diversity oriented synthesis 

of biologically and economically value added heterocyclic scaffolds. Incorporating the aspect of 

sustainable and heterogeneous catalysis with broad substrate scope and ease of operation also 

enhances it’s practical acceptability to the scientific community in future.   

Keywords: coconut juice ( -amino alcohols; multicomponent coupling reactions 

(MCRs); diols; 4H-pyrans; water extract of tamarind seed ash (WETSA); tetraketones; 

tetrahydrobenzo[b]pyrans; multi-walled carbon nanotubes-zirconia nanocomposite (MWCNTs-

ZrO2); disubstituted benzimidazoles; pyrazoles; 2-aryl benzazoles; dihydroquinazolinones 

(DHQs); water extract of banana stem ash (WEBSA); biaryl skeletons; Pd nanoparticles. 
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A new concept for generating charge at a small voltage using nano conductive materials is proposed for the 

realization of Lorentz force torqued satellite. This reduces the charge density considerably, thereby 

lowering the required voltage to two digits. A comprehensive new mathematical formulation of the Lorentz 

force and torque acting on the satellite due to the distributed charge is also rigorously investigated. It is 

shown that, due to the ill conditioned matrices involved in the torque and force equation, eliminating the 

Lorentz force is not possible under any charge distribution scheme. Getting a solution to dierential charges 

on the opposite shells is not possible for any practical problem. Moreover, the Lorentz torqued system loses 

its average three-axes controllability at extremely high angular velocity for dierent magnitude but opposite 

sign charges on the opposite shells. It is also shown that when the charge moment is constrained to fall in 

the plane of velocity and the magnetic eld vectors, then two axes of control can only be achieved. To 

overcome these problems a combined Lorentz force and magnetic torquers satellite actuation is proposed 

and rigorously investigated. It is shown that such a system will be instantaneously controllable along the 

three orthogonal axes. A PD control is implemented for this system. It is shown that such a system is 

globally stable and locally exponentially stable. In addition, a nitetime sliding control and a xed time 

adaptive fault tolerant sliding control is formulated and implemented for the combined system. Stability of 

the combined torquers system is proved for both the sliding controls. It is proved that both the sliding 

controls make the system nite time stable. It is shown that the performance of the xed time sliding control 

is superior to the nite-time sliding control. Moreover, the xed time control works in the presence of fault 

but with small deterioration in attitude convergence 
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This research analyzes various aspects of insider trading in India. This thesis can be divided into 

three parts: first part analyzes insider trading around earnings announcements, the second part 

addresses the effect of insider trading on stock characteristics like price, return and volume and 

the third part investigates if corporate governance affects insider trading.   

In the first part a modified event study method is introduced. In this method variable event window 

is used rather than a fixed event window and each event window starts from the day the insider 

trades. Using this modified event study method, it is explored whether insiders earn abnormal 

return by trading before earning announcements and whether outside investors can earn abnormal 

return by mimicking those insider trades. It is also examined whether the abnormal return differs 

with type of insider. It is found that insiders earn abnormal return from purchases but suffer loss 

from sales. Directors and executives earn abnormal return from purchases but promoters do not 

earn abnormal return. These insights would go undetected if standard event study methods were 

employed. Outsider investors can earn abnormal return by mimicking purchases of directors and 

executives. Finally, it is observed that abnormal return depends on firm earnings, market 

capitalization, opportune number of days and type of insider transaction.  

The second part documents the effect of insider trading on stock characteristics like price, return 

and volume, using the event-study method. A novel method is proposed to measure abnormal 

price. It is found that insider trades affect price, return and volume. The results are identical for 

both buy and sell transactions. It is also found that stock characteristics react differently to trades 

of different types of insiders. Further, it is observed that return and volume get affected earlier than 

price. It is also identified that abnormal return and abnormal volume do not affect each other.  

The third part of the thesis seeks to establish the relationship between corporate governance and 

insider trading by investigating corporate governance’s impact on the probability of insider 

trading, abnormal return and abnormal volume. A corporate governance index is constructed to 

study the overall impact of corporate governance. Cox regression for recurrent events is used to 

analyze the impact of corporate governance index and corporate governance variables on the 

probability of insider trading. Two-stage least square regression is used to investigate if the 

corporate governance index affects cumulative abnormal return and cumulative abnormal volume 

around insider trades. The results indicate that the corporate governance index does not affect the 

probability of insider trading, abnormal returns and abnormal volumes. Some of the corporate 

governance variables affect the probability of insider trading positively and some negatively. 
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Keywords: insider trading, abnormal return, modified event study method, mimicking, earnings 

announcement, stock characteristics, corporate governance, cox regression, twostage least square 

regression, probability of insider trading. 
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Demudunaidu Obbalareddi  

Supervisor: Prof. Ashok Kumar Pradhan  

Department of Electrical Engineering  

Accession No.: NB17406 
 

Transmission lines are often subjected to faults due to storms, lightning, snow, freezing rain, 

insulation breakdown etc. Accurate fault location is required to expedite maintenance and quick 

restoration of the line and saves financial loss for the utilities. An accuracy of the classical TW 

based FL methods depends on data synchronization, IED processing delays, and secondary cable 

delays etc. Proposed three FL methods (i) a method using single-ended data (ii) a method using 

unsynchronized data, and (ii) a model-free method for series compensated line using synchronized 

data using TW technology. The proposed methods tested using PSCAD/EMTDC simulations and 

results are compared with commercially available methods and found to be accurate. These 

methods will give a freedom to customers to choose a particular method based on the availability 

of communication infrastructure.    

       The dependability and security of the protection are compromised due to the integration of the 

series capacitors and CIRPPs into power grid. The presence of series capacitors in the fault loop 

affects transient components of voltage and current signals. As a result, widely used impedance 

based protection (distance protection) finds limitation for lines with series capacitors. A hybrid 

time-domain protection scheme for series compensated lines using incremental quantity combined 

with traveling wave principle is proposed, aimed to improve the reliability and speed of protection.   

      Available distance protection methods have limitations in special situations such as 

acceleration of the Zone 2 decision, fault classification for lines connected with converter 

interfaced renewable power plants and auto-reclosing for mixed lines. Proposed an accelerated 

Zone 2 protection scheme using single-ended data and it is used for back up acceleration scheme 

in case of communication channel failure. The phase selection is key module in the distance 

protection and integration of the inverter-interfaced generation to the grid poses challenge in phase 

selection. A method for phase selection is developed using TWs information. The auto-reclosing 

becomes more challenging in the case of mixed lines (combined overhead lines with underground 

cables) where the auto-reclosing shall be enabled for a fault in the OHL section or block for a fault 

in the UGC section. Selective auto-reclosing scheme is proposed using traveling waves for mixed 

lines.  

     These methods are tested using PSCAD/EMTDC simulations for various test situations. 

Numerous test results are presented to highlight the superior performance of the techniques over 

available methods. These methods can be implemented in available IEDs with a sampling 

frequency of 1MHz. 
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Keywords: Transmission line, fault location, faulted section identification, series compensated 

lines, transmission line protection, fault classification, mixed lines, auto-reclosing, traveling 

waves, incremental quantity, and time-domain protection. 
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Near eutectoid steels possess high strength along with ductility and are widely used in various 

structural sectors such as rails, bridge cables, piano strings, beads, etc. In the first part of thesis, 

effect of Mn concentration in near eutectoid steel after isothermal transformation to pearlite was 

studied on the kinetic, microstructure and strain hardening behaviour. An analysis of growth rate 

during isothermal transformation indicates that pearlite growth rate is at its maximum rate when 

the true (i.e., minimum value) interlamellar spacing is 1.5 to 1.58 times its critical spacing. Thus, 

the experimental interlamellar spacing can be determined theoretically. The mean random 

interlamellar spacing decreases with increase in the austenitization temperature for both isothermal 

and continuous cooling treatments. The dilatometric experimental and DICTRA simulation results 

were compared. The similar behaviour has observed for the kinetics of pearlite transformation in 

both experimental and simulated results obtained during continuous cooling. In Mn containing 

steels, the strain hardening exponent and interlamellar spacing increases with increase in Mn 

concentration. The refinement of pearlite and a significant increase in strain hardening is observed.  

In the second part of the work, near eutectoid steel having the composition in the hyper eutectoid 

range was studied where the evolution of texture and microstructure with varying degree of 

drawing strain of cold drawn wire rod was of primary focus. In the initial stages of deformation 

(up to true strain of 0.5), {110} <11 ̅1 > system is more active compared with to {112} < 111 ̅ >.  

However, at higher strains, there is a crossover and {112} < 111 ̅ > slip system becomes more 

dominating compared with {110} < 11 ̅1 > . The effect of the austenitization temperature on 

transformed pearlite microstructure is explained in case of both undeformed and highest deformed 

sample. The different orientation relationship criteria provide a good account of the experimental 

behaviour in terms of capturing both the weakening of texture and the characteristic <110> fiber 

texture in transformed ferrite. No further refinement in mean random interlamellar spacing takes 

place in transformed pearlite above the drawing strain of 0.46.   

Keywords: Near eutectoid steel; microstructure; Interlamellar spacing; DICTRA simulation; 

Strain hardening exponent; Cold drawn pearlitic wires; texture. 
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Radiation therapy is a major therapeutic boon to restrict the loco-regional progression of breast 

cancer. Despite its advancement, the main obstacle in radio-oncology is acquired radioresistance 

which leads to higher malignancy. In this study, we investigate the regulating modulators of tumor 

microenvironment in the established radioresistant breast cancer cells and unveiled their 

involvement in acquired radioresistance. To this end, we found that matrix metalloproteinase3 

(MMP3) protein is a crucial modulator in the radioresistance graining process. Primarily, we 

established radioresistant breast cancer model systems by fractioned ionizing radiation. These 

acquired radioresistant cell lines tend to behave as in vitro model systems in characterizing the 

phenotype and aid in investigating the molecular interplay behind the development of the highly 

metastatic and radioresistant features in breast cancer patients. The morphological characters of 

the radioresistant subpopulations indicate their mesenchymal attributes which are manifested by 

higher metastatic ability. Further, the involvement of TGFβ-mediated activation of SMAD 

proteins complex, which transactivates MMP3 was deciphered. In the second objective, we 

performed a comprehensive study in searching for better adjuvant therapy which inhibits the 

functional interplay of TGFβ signaling with EMT and ECM degradation in cancer progression by 

the radioresistant cells. Diosgenin, a natural steroidal saponin in combination with a low dose of 

ionizing radiation is effective to downregulate the TGFβ-mediated SMAD pathway in the 

radioresistant cellular model. This combinatorial treatment inhibits the MMP3 overexpression 

which ultimately blocks the ECM degradation and reverses the EMT. We also predicted the 

probable binding of diosgenin with SMAD2 which ultimately inhibits the MMP3 transactivation. 

Next, we observed the enhanced nuclear translocation of β-catenin and overexpression of Tcf3 in 

the radioresistant model. Tcf3 enhances MMP3 promoter activity.  This molecular cascade was 

hindered by diosgenin treatment due to its probable interaction with SMAD2. This study suggests 

diosgenin as a better therapeutics to wedge the acquired radioresistance. Finally, the computational 

study confirmed the involvement of polymorphic variation (rs617819 SNP) at MMP3 promoter in 

cancer progression. Overall, this pre-clinical study was a step forward in the designing of a novel 

treatment regime to overcome the acquired radioresistance in breast cancer.   

Keywords: Breast cancer, Radioresistance, Ionizing radiation, MMP3, TGFβ, SMAD, β-catenin, 

Tcf3, Diosgenin, Promoter SNP, EMT, ECM degradation 
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In recent times, climate change is a major concern due to increasing population, globalization, 

industrialization, and toxic waste in the environment. The development of sustainable technology 

to protect our environment is progressing tremendously. The heterogeneous photocatalysis and 

heavy metal ion sensing on the heterogeneous surface have obtained significant attention in the 

current decade. TiO2 is the most studied metal oxide due to its stability, non-toxicity, and natural 

abundance. It has been applied for different photocatalytic applications such as value-added 

organic transformation to environmental remediation. However, it possesses a broad band gap (3.2 

eV), which limits its use in visible light. Similarly, WO3 has the resemble characteristics as TiO2, 

however, despite a low band gap (2.8 eV), it suffers high recombination due to lower conduction 

band minima. Moreover, utilizing small-molecules as a receptor over the heterogeneous surface 

able it as an effective tool for heavy metal ions sensing. In order to utilize the benefit of the sunlight 

energy, it is necessary to modify the physical properties of the semiconductors via sensitizing the 

surface or co-catalyst support. In the thesis, new photocatalysts (core-shell) were synthesized via 

wet chemical and solution combustion methods. The ruthenium metal complex and deposited 

palladium, steady carbon shell were used for tuning properties to work under visible light. The 

research findings are categorized into five chapters. In Chapter 2 the TiO2 nanoparticles (NPs < 

80 nm) were synthesized via a wet chemical method. The surface of NPs was modified by using a 

benzimidazole ruthenium metal complex. The prepared catalyst was applied for photocatalytic 

CO2 reduction in an aqueous medium at pH 7. In Chapter 3 the natural template-assisted (honey) 

TiO2 NPs (<10 nm) were synthesized via a wet chemical approach. The NPs were immobilized 

with iridium particles and applied for the CO2 coupling with the epoxides under visible light. In 

Chapter 4 the WO3/PdOx@C composite core-shell NPs was synthesized via the solution 

combustion method. The prepared catalyst was applied for the selective hydrogenation of HMF 

under visible light. In Chapter 5 the donor-acceptor new fluorescence probe was synthesized and 

characterized. The photophysical properties of the probe were fully investigated by the 

spectroscopy technique. The probe was highly selective towards the mercury sensing via turn-on 

intramolecular charge transfer (ICT) mechanism at pH 7.4. The mechanism was investigated 

experimentally and theoretically. In Chapter 6 the probe was immobilized over the TiO2 surface 

(≈ 100 m2/g) to make it a heterogeneous sensor. The fluorometric detection of mercury was 

explored over the surface 
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The Floquet method is a powerful technique to study the stability of a system modulated externally. 

The method is equally applicable to a discrete as well as continuum mechanical systems. In this 

dissertation, we investigate stability of externally modulated fluid flows. We have considered two 

fluid mechanical systems: (i) Rayleigh-Be´rand magnetoconvection with temperature modulation 

and (ii) Faraday instability at the interface of two fluids system with slow rotation. We used Floquet 

technique to analyze the linear stability of both the systems. First we consider the modulated 

magneto-convective Rayleigh–Be´nard system. A periodic temperature variation is applied on the 

lower plate. The oscillatory magneto-convection begins as soon as the Rayleigh number Ra is 

raised above threshold Rao. The fluid motion at the instability onset may have harmonic or 

subharmonic waves depending on the control parameters. For higher values of Chandrasekhar 

number Q and at moderate modulation frequency ω, two different instability zones of harmonic 

oscillation merge to form a single instability zone with two local minima. A new type of bi-critical 

point was also observed, where two harmonic instability zones with different wave-numbers were 

excited simultaneously. The variation of critical Rao with Chandrasekhar number Q and Prandtl 

number Pr was also investigated. The threshold Rao vary with Q and Pr non-monotonically at 

higher values of modulation amplitude a. The critical Rayleigh number Rao also varies non-

monotonically with the modulation frequency ω for moderate value of the modulation amplitude 

a. The threshold for magneto-convection can be delayed or advanced because of the temperature 

modulation. The fluid flow at higher values of ω is always harmonic with external modulation and 

Rao approaches Rac(a = 0) as ω → ∞. We also considered the stability of the interface of two 

immiscible viscous fluids bounded by two laterally extended plates, which are simultaneously 

subjected to a sinusoidal gravity modulation and a slow rigid-body rotation about a vertical axis, 

using Floquet technique. The Coriolis force stabilizes the interfacial instability. At larger values 

of vibration frequency ων, the parametrically excited waves are subharmonic if the amplitude of 

gravity modulation crosses a threshold value Ac. For thin layers of fluids with low modulation 

frequency, both subharmonic and harmonic interfacial waves may co-exist at the instability onset. 

This leads to the possibility of getting multi-critical points at the onset of interfacial waves, where 

surface waves with different wave-numbers and are excited simultaneously. The dependence of 

reduced critical forcing amplitude Ac/G and corresponding wave-number kc on the relative fluid 

thickness (d), relative density (ρ) and relative dynamic viscosity (η) were also studied. The 

threshold always decreases with d, but it increases with ρ and η. 

Keywords: Rayleigh-Be´nard magneto-convection, Temperature modulation, Faraday instability, 

Interfacial Instability, Floquet Analysis 
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Recently, several researches have been carried out on graphene based polymer nanocomposite for 

multifacted applications. In this regard, electromagnetic interference shielding (EMI) shileding 

against microwave radiation remains one of the most challenging tasks. In addition, research work 

has also been progressed on application of functionalized graphene/polymer (rubber and 

thermoplastic) composites as dielectric material for electronic applications. However, poor 

dispersion of graphene in polymer matrix is one of the major hurdles in achieving desired result. 

In view of this, this thesis explores the challenges in fabrication of functionalized graphene based 

nanocomposites as microwave absorber and flexible dielectric materials. . Accordingly, reduced 

graphene oxide (RGO)/Fe3O4/PANI ternary composite has been prepared by coprecipitation 

method of Fe3O4 in presence of water soluble RGO followed by in-situ polymerization of aniline 

and characterized. The electromagnetic interference shielding performance of RGO/Fe3O4/PANI 

showed total shielding performance (SET) of ~28 dB. In addition, ternary composite comprising 

functionalized graphene (FG)/Ni/PANI composites have been prepared by FG/Ni to in situ-

polymerisation of aniline. The prepared ternary composite also exhibits remarkably high SET 

value of ∼47-65 dB (2-3.8 GHz) and ∼65-45 dB (3.8-8 GHz) at very low thickness of 0.5 mm. 

Both RGO/Fe3O4/PANI and RGO)/Ni/PANI ternary composites exhibited absorption as 

dominant mechanism over the entire frequency ranges due to the high dielectric loss, magnetic 

loss, and better impedance matching. Thus both RGO/Fe3O4/PANI and FG/Ni/PANI ternary 

composites could be used as efficient microwave absorber.  In the next part of our work, we 

focused our work on development of functionalized graphene based nanocomposites flexible 

dielectric materials. Accordingly, we fabricated nanocomposites comprisng hexadecylamine 

funtionalized graphene (GNS-HDA) and carboxylated acrylonitrile rubber (XNBR). Our findings 

showed that incorporation of 2 phr of GNS-HDA in XNBR resulted in 60% improvement in tensile 

strength (TS), 62% improvement in elongation at break (EB) and 13% reduction in Young’s 

modulus. The dielectric permittivity of XNBR/GNS-HDA-2 (127.6) significantly enhanced 

compared to neat XNBR (8.9) with the cost of dielectric loss enhancement of 2 fold at 100 Hz. 

Such reduction in elastic modulus, enhanced tensile strength/dielectric permittivity and very low 

dielectric loss makes these composites useful for their applications as flexible dielectric material 

in various electronic devices. In another work, synthesis pertaining to the preferential allocation 

of functionalized reduced graphene oxide (FRGO) on hard segment of thermoplastic polyurethane 

(TPU) and characterized. Our findings showed its significantly high dielectric permittivity (401) 

at 1.5 phr FRGO loading at 100 Hz due to the formation of significantly higher number of 

microcapacitors near percolation threshold. Reecntly, dielectric polymer nanocomposites have 
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been receiving considerable attention due to their applications in the field of modern 

nanoelectronics such as capacitors, memories, transistors, communication devices, etc 

 Keywords: Reduced graphene oxide, functionalized graphene, Fe3O4, Ni, PANI, XNBR, TPU, dielectric 

material, EMI shielding. 
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A sustainable steelmaking process is characterized by efficient resource use with minimal energy 

use. The efficiency of energy use is quantified by a parameter of process exergy use, which 

considers irreversibilities and process inefficiencies during a conventional energy balance. A high 

process exergy efficiency minimises fuel use and emissions for a given operation and is thus 

related to process sustainability. The rotary hearth furnace (RHF) combined with an electric arc 

furnace (EAF) is a novel steelmaking process route. Direct reduced iron (DRI) or nugget is 

produced in a furnace (RHF), based on dual fuel using coal for reduction and natural gas (a low 

carbon fuel) for heat generation followed by smelting in EAF. A combined RHF-EAF steelmaking 

systems namely ITmk3-EAF and Fastmet-EAF processes, reduces process emissions because of 

dual fuel use and provides a unique opportunity to lower energy consumption through scrap 

recirculation in EAF. The RHF also generates rich product fuel-gases (output flue gases), which 

can be used for power generation to enhance energy efficiency. The EAF process unlike BOF 

(Basic Oxygen furnace) steelmaking has no limitation on scrap usage.  Thus, the novel 

combination process of RHF-EAF is worth analysing for exergy efficiencies targeted to minimise 

fuel use and emissions.  

Chemical and physical exergies of various components are calculated using a thermodynamic 

database of Factsage software, along with standard exergies of pure elements and compounds from 

literature.  Estimation of mass and energy flows associated with the material streams are a 

prerequisite for calculating the exergy of the stream.  Therefore, the models based on heat and 

materials balance are developed separately for the RHF and the EAF.  These models are combined 

to develop the mass and energy stream flow rates for the RHF-EAF system, which are subsequently 

used for estimating stream exergies.   The carbon balance of the combined system is used to 

calculate the CO2 emission.  Models are also developed for the BF-BOF system to estimate stream 

exergies for subsequent comparison with the RHF-EAF system. In the present study, mainly three 

types of exergy indices are calculated based on input exergy: total exergy loss, the main product 

exergy efficiency (Ψm) and useful products exergy efficiency (Ψm-g). Exergy indices of the 

ITmk3-EAF steelmaking process are found to be superior to the Fastmet EAF steelmaking system; 

however, exergy indices of the BF-BOF process are found to be better than both variants of RHF-

EAF systems. When excess exergy of product fuel-gases from RHF-EAF systems are utilised for 

in-house power generation, Ψm of the RHF-EAF systems is found to be comparable, or superior 

to the BF-BOF process.   
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Exergy indices of the RHF-EAF systems were improved with the addition of scrap in the EAF.  At 

a 50% scrap ratio, total exergy loss and main product exergy efficiency for the RHF-EAF processes 

became comparable to the modified BF-BOF, or the BF-Tenova Flexible modular furnace (FMF) 

process. Whereas in case of hot transfer of RHF product to EAF above 600oC, exergy indices of 

the RHF-EAF steelmaking systems became comparable or superior to the modified BF-BOF 

process when scrap ratio is greater than 40%.   

Net CO2 emission of the RHF-EAF processes (around 1.92-2.01 ton/tcs) is found to be comparable 

to the BF-BOF process.  When excess product fuel-gases from RHF-EAF systems were utilised 

for in-house power generation, CO2 emission of the RHF-EAF processes was reduced by 

approximately 12-15% than the conventional BF-BOF steelmaking route. With an increase in 

scrap usage in EAF and hot transfer of RHF products to EAF, CO2 emission values further 

decreased.   

It is found that exergy indices of the RHF-EAF systems can be improved by process flow redesign, 

and this helps in lowering CO2 emissions also. 

 Keywords: Sustainability; exergy analysis; exergy loss; energy efficiency; exergy efficiency; Factsage 

software; RHF-EAF steelmaking route; Fastmet-EAF process, ITmk3-EAF process; dual fuel; main 

product exergy efficiency; useful product exergy efficiency, CO2 emission; scrap recycling; RHF fuel gas 

utilization; BF-BOF steelmaking route; BF-Tenova-FMF steelmaking route; Hot charging of DRI 
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The processing of particulate materials is crucial in various branches of engineering and science. 

During these processes, one can observe important micro-mechanisms, such as aggregation of 

smaller particles to form larger aggregates and breakage (or shattering) of particles into smaller 

fragments. These micro-mechanisms eventually play a critical role in changing the macroscopic 

behavior (e.g., dissolution rate, system permeability, and flow characteristic) of the particle 

population. Thus, modeling and simulation of particulate processes are essential in predicting their 

macroscopic behavior virtually. This thesis is devoted to the modeling and simulation of different 

particulate processes consisting of aggregation and breakage mechanisms. The modeling 

techniques used in this thesis are population balance modeling (PBM), Monte Carlo (MC) 

modeling, and discrete element modeling (DEM). The MC technique is used in this work as a tool 

to mimic experimental systems and generate (or extract) alternative experimental outcomes. The 

main achievements of this thesis are summarized in the following paragraphs.  

The use of population balance equations (PBE) in predicting particulate processes is curbed by the 

unavailability of physically motivated macroscopic mathematical kernels. The present thesis deals 

with the development of mathematical models of the size- and time-dependent PBE kernels 

corresponding to processes involving aggregation and breakage. The simultaneous influence of 

particle size, process time, and probability of occurrence of events are included successfully. The 

developed models use the population balance modeling approach and have the potential to predict 

results on a large scale. The particulate processes chosen in this thesis are general aggregation and 

breakage (linear and nonlinear) mechanisms, spray fluidized bed aggregation and 

ultrasoundassisted sonofragmentation.  

A series of sonofragmentation experiments were performed by varying the ultrasonic amplitude 

and sonication time to investigate the breakage of rectangular-shaped pyrazinamide crystals. An 

MC framework has been developed to understand and replicate the breakage behavior of the 

crystals and to estimate the breakage frequency parameters corresponding to different ultrasonic 

amplitudes. It was observed that the pyrazinamide crystals break across the width of the particles, 

and the fractures occur at some random point in a confined region along the length axis only. 

Depending on the breakage criteria, a comprehensive bivariate PBM, consisting of the 

mathematical models of bivariate breakage selection function and bivariate breakage distribution 

function, is developed, which predicted the experimental observations with great accuracy and 

efficiency.  

Furthermore, the spatially homogeneous spray fluidized bed aggregation (SFBA) process has been 

extensively modeled using the MC simulation and the one-dimensional PBM approach. A constant 
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number MC framework is used, which simulated several important micro-mechanisms of the 

SFBA process (binder droplet addition, droplet drying, volume-dependent particle collisions, 

aggregation, and rebound). The developed PBM incorporated all these micro-mechanisms to 

formulate the mathematical models of the volume- and time-dependent aggregation kernel, the 

size distribution of wet and dry particles, and the total number of available droplets, respectively. 

The accuracy of the developed PBM is verified using the observations of MC simulation.  

In order to work with the developed PBMs, we need to have some prerequisite parameters in 

advance, such as volume dependency in particle selection, average frequency of associated events. 

If these necessary process parameters are not provided in advance, one needs to model or extract 

these input parameters. For this, a multiscale bi-directional PBM-DEM coupling framework is 

successfully developed to predict the aggregation process outcomes. The PBM and DEM take 

place periodically to update the particle size distribution and extract the collision frequency. 

Additionally, the developed coupling framework explained the correlation between the size 

distribution of particle classes and the corresponding frequency of collisions.  

Moreover, due to the unavailability of numerical schemes in the literature, we have also developed 

a weighted finite volume scheme to solve the collision-induced nonlinear breakage PBE 

numerically. The scheme is designed to conserve the total mass of the system while preserving the 

total number of particles in the system.  

 Keywords: Population balance model; Aggregation kernel; Breakage kernel; Collisional breakage; Monte 

Carlo simulation; DEM simulation; Spray fluidized bed; Sonofragmentation; Ultrasound; PBM-DEM 

coupling. 
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Security of applications has been identified as one of the major concerns in today’s multi-domain 

collaborative environments such as multi-cloud systems. Each domain in this context consists of 

a group of users and resources (objects) owned by an organization. The applications that span 

across multiple domains are often found to be vulnerable to security threats which are caused by 

unauthorized accesses of resources by the users across the collaborating domains. Developing a 

highly effective access control mechanism for multi-domain environments, which meets security 

requirements such as confidentiality, integrity, availability, and accountability, is a challenging 

task. Since multi-domain applications are bounded by numerous constraints of the disparate 

domains they are deployed in, traditional access control mechanisms such DAC, MAC, and RBAC 

are inappropriate for such systems. The constraints can be either semantic or contextual in nature. 

The semantic constraints such as separation of duty are associated with the subjects and objects of 

the system, whereas the contextual (environment) constraints are independent of both. 

A fine-grained access control mechanism such as Attribute-based Access Control (ABAC) is 

considered to be an appropriate choice for authorization management in multi-domain systems. In 

ABAC, constraints can be expressed in terms of the properties of the subjects, objects, and 

environments and are often called attributes. ABAC uses subject attributes, object attributes, and 

environment attributes for making access control decisions. Furthermore, integration of accesses 

control policies expressed using traditional access control models in domains can be done easily 

by migrating them into ABAC policy. 

A first step towards successfully deploying ABAC is to define an appropriate set of access control 

rules that establish the desired inter-domain accesses. An ABAC access control rule comprises an 

antecedent and a consequent. A set of attribute-value pairs of subjects, objects, and environment 

constitutes the antecedent of a rule. The consequent consists of grant or denial of access privileges 

over objects. Depending upon the truth value resulting from the evaluation of the antecedent, 

access privileges on objects are either granted or denied to subjects. If certain accesses are granted 

in an accordance with a rule, such a rule is called a positive authorization rule (permit rule). On 

the other hand, if certain accesses are denied by a rule, it is called a negative authorization rule 

(deny rule). 

We propose two approaches for inter-domain rule formation in ABAC. In the first approach, we 

consider cross domain rule mining as the problem of forming a minimal set of positive 

authorizations only. The second approach shows the advantage of developing deny rules along 

with positive authorizations in reducing the total number of rules and hence, the response time for 

evaluating access requests. The problem of forming a minimal set of cross domain rules is proved 
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to be NP-Hard. Heuristic solutions are proposed and evaluated on benchmark datasets showing 

encouraging results. 

The process of forming a correct set of access on troll rules becomes more challenging when the 

access requirements vary with time or the users and objects are updated quite frequently. We also 

study the problem of formulation of an optimal set of ABAC rules for granting inter-domain 

accesses in a dynamic environment. The problem being NP-Hard, we propose heuristic solutions. 

Finally, we study the problem of data leakage as a major security concern in a multi domain 

collaborative environment, which is caused by illegitimate actions of malicious users often acting 

in collusion. The possibility of data leakage in such environments is characterized by the number 

of interoperations as well as the trustworthiness of users on the collaborating clouds. We address 

the problem of data leakage free multi-domain collaboration from an ABAC policy management 

perspective. In particular, we define a problem that aims to formulate ABAC policy rules for 

establishing a high degree of inter domain accesses while eliminating potential paths for data 

leakage. A data leakage free ABAC policy generation algorithm is proposed that first determines 

the likelihood of data leakage and then attempts to maximize inter-domain collaborations. We also 

pose several variants of the problem by imposing additional meaningful constraints on the nature 

of accesses. Experimental results on several large data sets show the efficacy of the proposed 

approach. 

Keywords: Distributed security, Multi-domain authorization, Dynamic collaboration, Data 

leakage, Trustworthiness, Attribute-based access control, ABAC policy mining. 
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This thesis examines the properties of complex unit gain graphs via the spectra of various classes 

of matrices associated with them. A complex unit gain graph (T-gain graph), Φ = (G, φ) is a graph 

where the function φ assigns a unit complex number to each orientation of an edge of G, and its 

inverse is assigned to the opposite orientation. A T-gain graph is balanced if the product of the 

edge gains of each oriented cycle (if any) is 1. The adjacency matrix A (Φ) of a T-gain graph Φ is 

defined canonically. The adjacency spectrum of Φ is the spectrum of A (Φ). 

The first chapter is introductory. It contains a general outlook of the thesis. We collect needed 

fundamental concepts and the background material and a brief overview of the literature to set the 

stage for the study conducted in the subsequent chapters. 

In Chapter 2, we establish that a connected bipartite T-gain graph has exactly one positive 

eigenvalue if and only if it is balanced. After that, we show that aT-gain graph Φ is balanced if and 

only if it is cospectral with its underlying graph G. Further, we characterize T-gain graphs for 

which the spectral radii of Φ and the underlying graph G coincide. We obtain a characterization 

for bipartite graphs in terms of T-gain graphs. In addition, we study the combinatorial meaning of 

the coefficients of the characteristic polynomial and permanent polynomial of Φ. 

In Chapter 3, we establish bounds for the spectral radius of T-gain graphs and identify classes of 

graphs and gains for which the inequality is sharp. Let λ1 (Φ) and ρ(Φ) be the spectral radius and 

the largest eigenvalue of A(Φ), respectively. For the Hermitian adjacency matrix H(X) of a mixed 

graph X,It is known that λ1(H(X)) ≤ ρ(H(X)) ≤ 3λ1(H(X)). One of the main objectives of this 

chapter is to extend this bound for the T-gain graphs. We show that if the real parts of the gains Φ 

are nonnegative, then the above bounds hold. Also, we provide so mestructural conditions on the 

graphs for which the above bounds hold (for any gains). For any complex unit gain graph Φ, ρ(Φ) 

≤ ∆, where ∆ is the largest vertex degree of G. For each k ∈ N, we introduce a Hermitian matrix 

Hk(X) called the k-generalized Hermitian adjacency matrix. Here, for each k, the gains are from 

the inverse closed set {1,e± iπ k+1}. We characterize the structure of graph X for which ρ(Hk(X)) 

= ∆ holds. 

In Chapter 4, we focus on the bounds of energy of T-gain graphs in terms of vertex cover number, 

largest vertex degree, smallest vertex degree, etc. For a simple graph G, it is known that 2τ−2c ≤E 

(G) ≤ 2τ√∆, where τ and c are the vertex cover number and the number of odd cycles of G, 

respectively. Many author sex tended the result for mixed graphs, graphs, and other graphs. In this 

chapter, we extend the above inequality for T-gain graphs. Also, we completely characterize 

complex unit gain graphs for which the bounds are sharp. The characterization of one side of the 
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above equality completely solves an open problem, which is proposed for Hermitian adjacency 

matrices, in a more general setting viz., for the gain graphs. For any triangle-free connected T-gain 

graph, we establish a bound for the energy in terms of the minimum vertex degree. 

In Chapter5, we propose two notions of gain distance matrices Dmax < (Φ) and Dmin < (Φ) of a 

T-gain graph Φ, for any ordering ‘<’ of the vertex set. We characterize the gain graphs for which 

the gain distance matrices are independent of the vertex ordering. We introduce the notion of 

positively weighted T-gain graphs and establish an equivalent condition for the balance of a T-

gain graph. Acharya’s and Stani´c’s spectral criteria for balance are deduced as a consequence. 

Furthermore, we obtain some spectral characterizations for the balance of a T-gain graph in terms 

of the gain distance matrices. A T-gain graph is distance compatible if Dmax < (Φ) = Dmin < (Φ) 

holds for the standard ordering of the vertices. We characterize the distance compatible bipartite 

T-gain graphs. Moreover, we characterize distance compatible 2-connectedT-gain graphs. 

 Keywords: Signed graphs; mixed graphs; complex unit gain graphs(T-gain graphs); adjacency matrices; 

distance matrices; Hermitian adjacency matrices; graph energy; vertex cover number; vertex ordering; 

positive weighted T-gain graphs. 
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Recent studies have been focused on the investigation of nanostructured materials based on their unique 

properties for their applications in the field of fluorescence sensing In this regard, fluorescent carbon dots 

(CDs) and CDs hydrogel have been explored possessing unique characteristics, such as biocompatibility, 

low toxicity, water solubility, generation of variety of surface functionalities, electrical conductivity, and 

high quantum yield. However, fabrication of highly fluorescent CD hydrogel without any gelling agent is 

a challenging. In addition to no reports are available highlighting optical interactions between fluorescent 

CDs and graphitic materials (GMs) and photo-physical features of this system. In view of this, synthesis of 

low-cost carbon dot weak gel (CDWG) in the absence of any gelling agent from a pear juice. The CDWG 

and water-dispersed ACDs (WACDs) exhibited multicolor and blue-green fluorescence emission due to 

changes in the polarity of the medium from ACDs. Our studies showed QY of ACDs (3.82 %) was found 

to be higher than other foods derived and bioprecursors. Such fluorescence property of green synthesized 

CDs (both CDWG and WACDs) also successfully demonstrated quenching in presence of 2D GMs 

(graphene oxide: GO and reduced graphene oxide: RGO). The quantitative quenching efficiency, i.e. limit 

of detection (and limit of quantification) are found to be 1.5 (5) in CWDG and 1.08 (3.61) in WACDs for 

G and for GO is 1 (3.33) in CDWG and 1.94 (6.45) μg ml-1 in WACDs in the range of 1.5-15.0 μg ml-1 

respectively. These findings indicated their possible applications in in the sensing of metal ions, 

biomolecules, and in the fabrication of optoelectronics and photovoltaic devices.  

The extensive uses of several electronic devices/technologies today generate electromagnetic (EM) wave 

radiation. This results in the EM interference (EMI) of EM waves causing their malfunctioning, degradation 

and performance in addition to the adverse effect on human health. Therefore, development of low cost, 

easily processable, light weight, and high EMI shieling materials comprising conducting 

metal/carbonaceous, dielectric materials, and their composites have been receiving considerable attention 

following absorption and reflection of EM radiation. In view of this, the present thesis has been focused on 

fabrication of 3D hierarchical δ-MnO2 nanoflowers, silver quantum dots (Ag QDs) and their RGO 

nanocomposites in one step following in situ reduction of their precursors by nonhazardous Fehling B 

solution and characterized. The DC conductivity of δ-MnO2/RGO-1.0 nanocomposite was observed 

~1.18×10–3 S cm-1 with a loading of 5.5 wt% RGO and exhibited EMI SE performance 26-39-33 dB of 

-MnO2 and its other nanocomposites in the frequency range of 2-8 GHz following reflection 

dominant shielding. In another work, conducting Ag/RGO nanocomposites showed excellent absorption 

(reflection loss ~ −79 to −82.5 dB) and EMI SE 39.2-43.8-42.3 dB in the range of 2-8 GHz due to proper 

impedance matching. In addition, CDs mediated fabrication of MnO2/CD nanocomposites through in situ 

by co-participation. Our study showed that CDs is playing a crucial role to control the morphology of 

nanocomposite as well as reducing the aqueous potassium permanganate (KMnO4). Further, the 

synthesized MnO2/CD composite exhibited superior reflection dominant EMI SE 32.5-39.4 dB (2-5 GHz), 

39.4 dB (5-6.5 GHz), and 39.4-35 dB (6.5–8 GHz) due to impedance mismatch.   
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In summary, the present thesis provides simple and effective ways for the development of low cost and 

promising nanostructured based materials for their superior performance in sensing and EMI shielding, 

and microwave absorption.  

Keywords: Room temperature synthesis, Carbonaceous materials, Carbon dots hydrogel, Dielectric metal 

oxide, Metal, Nanocomposites, Sensing, EMI shielding, Microwave absorption. 
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A wide range of nonlinear physical phenomena in the vast areas of scientific disciplines are depicted by 

the system of nonlinear coupled partial differential equations (PDEs). These systems describe multiple 

behaviors in various fields such as mathematical physics, fluid dynamics, chemistry, condensed matter, 

biophysics, plasma physics, optical fibers, biology and other areas of engineering. The exact solutions of 

such system of nonlinear PDEs play an important role in nonlinear science, especially in nonlinear 

physics, since they can yield very much physical information and more insight into the physical aspects of 

the problem and thus lead to applications like understanding the behavior of the physics associated with 

the problem. Lie group analysis, which is based on invariance principle, is the only method which can be 

applied systematically to such nonlinear system of PDEs to obtain exact solutions. 

The concept of optimal classification of Lie point symmetries is very significant as the search of group 

invariant solutions can be minimized with the help of an optimal set. But, the study of optimal set of 

subalgebras for the infinite dimensional Lie algebra is less explored and thus require research attraction. 

We study one-dimensional optimal classification of (2+1)-dimensional Boiti-Leon-Pempinelli system of 

nonlinear PDEs and obtain some new exact solutions. Then we perform nonclassical analysis 

(generalization of classical symmetry) to the one-dimensional macroscopic production model to obtain 

some exact solutions. Moreover, several conservation laws are constructed by using multipliers method and 

also nonlinearly self-adjointness principle. 

A part from local symmetries, in the recent past the concept of nonlocal symmetries have become very 

popular and challenging in the area of symmetry analysis. There are two ways to compute the nonlocal 

symmetries, conservation laws based method and symmetry based method. We have presented a systematic 

algorithm to obtain exact solutions of any given PDEs by using nonlocal symmetries arising from symmetry 

based method. We have performed nonlocal symmetry analysis, arising from both potential systems as well 

as inverse potential systems, to an integrable soliton equation and also to a system of PDEs that governs 

one-dimensional macroscopic production model. Some new nonlocal conservation laws are established for 

these systems. 

Nonclassical potential symmetries are symmetries obtained by performing nonclassical method to the 

potential system or sometimes the potential equation corresponding to the given system. These yield some 

new exact solutions those cannot be obtained by using either classical symmetries or conditional 

symmetries or even potential symmetries. We have obtained several new exact solutions by performing the 

nonclassical potential symmetry analysis to a system of PDEs that governs the dynamics of a thin film 

model of a perfectly soluble anti-surfactant solution. Moreover, as an application of exact solutions, we 

have studied some interesting phenomena like, evolution of characteristic shock, weak discontinuity and 

interactions between them. 

Throughout the thesis, we have studied some of the obtained exact solutions in terms of their physical 

significance which includes several soliton solutions. 
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Keywords: Lie group of transformations; Nonclassical analysis; Nonlocal symmetry; Conservation laws; 

Solitons; Boiti-Leon-Pempinelli system; Integrable soliton equation; Macroscopic production model; Thin 

film model; Weak discontinuity; Characteristic shock; Wave interactions. 
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The upcoming fifth-generation (5G) networks are expected to be the next big leap in the wireless world, 

which are envisioned to support the growing demand for high data rates, high speed mobile networks, high 

capacity, and low latency. Millimeter wave (mmWave) communication is emerging as a viable option to 

meet the demands of 5G technology. However, the practical realization of mmWave technology faces 

several challenges, such as huge path loss, increased hardware complexity, and severe signal blockage. In 

addition to this, the nonlinear distortions attributed by the radio frequency (RF) power amplifier (PA) are 

inevitable in mmWaves systems owing to the high frequency, enormous bandwidth, and the requirement 

of high amplification to mitigate the huge path loss. This nonlinear distortion causes the target distribution 

(for carrier synchronization, channel estimation, and detection) to be analytically intractable. Hence, an 

appropriate nonlinear detector should be designed at the receiver to retrieve the transmitted information 

from the distorted received signal. Moreover, for reliable data transmission, the fundamental bottleneck, 

carrier synchronization and channel estimation are also required to be addressed in the presence of PA 

impairment for mmWave systems.  

In the first work (Chapter 3), we propose a sequential maximum likelihood (SQML) based semi-blind joint 

carrier frequency offset (CFO) and channel estimation, and particle filter (PF) based nonlinear data detection 

for mmWave single carrier (SC) single-input single-output (SISO) systems in the presence of PA 

impairments. The benefits of mmWave systems hinge on the use of multiple-input multiple-output (MIMO) 

orthogonal frequency division multiplexing (OFDM) systems to enhance the spectral efficiency and to 

provide robustness to the frequency selective channel. Hence, in the later part of the first work, we have 

also proposed a semi-blind joint CFO and channel estimation, and nonlinear detector for mmWave MIMO-

OFDM systems. The nonlinear distortions have a dreadful effect on MIMO-OFDM systems as compared 

to SC-SISO systems. It introduces multiplicative distortions and intercarrier interferences (ICI) in OFDM 

systems. The use of spatial multiplexing further brings in additional interference in the MIMO systems. To 

deal with the nonlinearity, an importance sampling approach is proposed to jointly estimate the CFO and 

channel gains using pilots. The channel estimates obtained are later further refined with the help of SQML 

algorithm by utilizing the detected data. A particle filter (PF) based iterative approach is utilized for 

nonlinear data detection. 

Hybrid architecture is a major breakthrough in mmWave systems to achieve beamforming gain. However, 

the non-ideal PAs destroy the RF and baseband precoders besides data signal in hybrid mmWave systems 

resulting in nonlinear coupling between them. Moreover, the ICI generated in the OFDM systems due to 

the nonlinearity will involve the interference from the precoders of other subcarriers as well in a hybrid 

architecture. Therefore, we have addressed estimation and nonlinear detection for hybrid mmWave MIMO-

OFDM systems in Chapter 4. The PF-based nonlinear detector is reformulated to deal with the nonlinear 

coupling. Further, a maximum likelihood-based CFO estimator is proposed where a low dimensional 

equivalent channel matrix is formulated in order to facilitate the low complex estimation. A group-sparse 

Bayesian learning-based semi-blind channel estimation is proposed that incorporates the nonlinear 

distortion. 
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The advancement in wireless technology is expected to support diverse requirements that includes 

applications in high mobility environments like highspeed railway, vehicular-to-everything network (V2X), 

and unmanned aerial vehicles (UAV). The dynamic nature of wireless channels in such scenarios causes 

channel dispersion in both the time and frequency domain. Currently used modulation technique OFDM is 

inexpedient due to the high Doppler in such high mobility scenarios. Recently proposed orthogonal-time 

frequency space (OTFS) is an alternative to OFDM that can convert the fast time-varying channels into a 

quasi-time invariant channel in the delay-Doppler plane. However, it involves complicated two-

dimensional convolution between the transmitted signal and the channel that complicates the equalization. 

The nonlinear PA further escalates this complicacy and is a big hurdle to reap the benefit of OTFS systems. 

To address this, in our third work (Chapter 5), we present a channel estimation and nonlinear signal 

detection framework for the emerging mmWave OTFS systems. An amalgamation of maximal-ratio 

combining and PF is proposed to address the nonlinear detection with newly designed pilot patterns and 

channel estimation. 

Keywords: mmWave, MIMO, hybrid, nonlinearity, CFO, channel estimation, nonlinear detection, sparse 

Bayesian learning, particle filter, OFDM, OTFS. 
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Spatio-temporal re-distribution of hydro-meteorological variables, due to changing climate and dynamic 

terrestrial environment, leads to the alteration of many hydrological processes. These changes/alterations 

may often negatively impact the socio-economic development and are often incomprehensible due to its 

complex characteristics. Alteration of the system under such conditions raises question on the stationarity 

assumption, i.e., the system responses fluctuate within an unchanging envelope of variability. Models 

developed under such questionable stationarity assumption is bound to become obsolete over time, or to 

perform sub-optimally at best. Thereby, alternative methodologies that deal with such non-stationary 

systems may improve the performance of hydroclimatic models. In this thesis, a time-varying framework 

is proposed as a potential solution to modelling in a changing climate that may impart non-stationarity in 

the hydrological system. The proposed framework is able to deal with two major drawbacks of the existing 

hydroclimatic models: (i) the inability of the model to represent the true dependence structure among a 

large pool of variables associated in a complex way, and (ii) the unaccountability of the time-varying 

characteristics imparted due to changing climate and dynamic terrestrial conditions. The proposed 

framework is based on the concept of temporal networks, characterized by time-dependent links between 

variables that may change over time, i.e. appear, disappear, reappear, or it may change in terms of its 

connection strengths. Evolution of network structures over time, obtained through Graphical Modelling 

(GM), depicts the changes in the model inputs as well as model parameters over time. The proposed concept 

indicates that the time interval after which the model needs to be updated/recalibrated, referred to as 

Optimum Recurrence Interval (ORI) of model recalibration. The ORI is problem specific and it is optimized 

to achieve the best model performance. The efficacy of the proposed approach is established by applying 

the developed framework for modelling different primary (precipitation), secondary (streamflow and soil 

moisture) and tertiary (hydrological and agricultural drought) hydrological variables.   

Firstly, a time-varying framework is developed for long-lead seasonal prediction of Indian Summer 

Monsoon Rainfall (ISMR) over Homogeneous Monsoon Regions across India. The time-varying 

association between ISMR and large-scale climatic indices is modelled using the proposed approach. The 

proposed model yields a good prediction performance with a prediction lead time of 5 months. Secondly, 

month-wise streamflow prediction is carried out at basin-scale using the time-varying concept. The 

proposed concept not only depicts a notable change in the potential predictors for the high and low flow 

months, but also establishes the different extent of temporal variability for different months. Thirdly, time-

varying framework is used for characterization and prediction of hydrological droughts using hydro-

meteorological triggers. The results indicate that the cause-effect relationship between hydroclimatic 

variables and extreme hydrological phenomena like drought needs to be updated every 2 to 3 years, 

depending on the climatological conditions, and the proposed time-varying modelling framework very well 

captures the above and below-normal events. Finally, spatio-temporal variation in the association between 

hydro-meteorological variables and surface soil moisture is modelled in addition to one-month ahead 

prediction of agricultural drought through the developed time-varying framework. Successful application 
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of the model shows its potential for being utilized as a remedial measure to handle similar cases through a 

proper assessment of the time-varying cause-effect relationship among a large pool of influencing variables.    
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RecQ helicases are Superfamily 2 (SF2) DNA helicases that unwind a wide spectrum of complex DNA 

structures in a 3ʹ to 5ʹ direction and are involved in maintaining genome stability. RecQ helicases from 

protozoan parasites have gained significant interest in recent times because of their involvement in cellular 

DNA repair pathways, making them important targets for drug development. The present study describes 

biophysical and biochemical characterization of the catalytic core of a RecQ helicase from hemoflagellate 

protozoan parasite Leishmania donovani. Among the two putative RecQ helicases identified in L. donovani, 

the catalytic core of LdRECQb was cloned, overexpressed and purified. The catalytic core was found to be 

very efficient in unwinding a wide variety of DNA substrates like forked duplex, 3ʹ tailed duplex and 

Holliday Junction DNA. Interestingly, the helicase core also unwound blunt-ended duplex with slightly less 

efficiency. The enzyme exhibited high level of DNA stimulated ATPase activity with preferential 

stimulation by forked duplex, Holliday Junction and 3ʹ tailed duplex. Walker A motif lysine mutation 

severely affected the ATPase activity and significantly affected unwinding activity. Like many other RecQ 

helicases, L. donovani RECQb also possesses strand annealing activity. Unwinding of longer DNA 

substrates by LdRECQb catalytic core was found to be stimulated in the presence of Replication Protein A 

(LdRPA-1) from L. donovani. Detailed biochemical studies of L. donovani RECQb identify it as a typical 

RecQ helicase with characteristic functions. 

Keywords: RecQ helicase, unwinding, strand annealing, replication protein A, FRET 
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Since the global financial crisis, the architecture of the financial system has significantly changed. 

Post-crisis, financial stability has been recognized as an integral element of macroeconomic policy 

framework globally. It is evident that institute-specific risk spillover led to the global financial 

crisis. Interconnectedness among banks and financial institutions leads to the transmission of 

idiosyncratic risks, resulting in systemic risk spillover, which in turn triggers an economic crisis. 

The impact of systemic risk on the safety and stability of banks has deeply intrigued academicians 

and policymakers alike. The subject has gained further momentum during the post-2007 financial 

crisis, with academicians and policymakers contemplating over the impact of excessive risk-taking 

behavior for higher margins that possibly led to the widespread crisis.    

A major issue faced by the Indian banking sector in the early 1990s was its fragile health, low 

profitability, and weak capital base. Accordingly, financial sector reforms were initiated as a part 

of overall structural reforms to impart efficiency and dynamism to the financial sector. The 

banking sector was aligned with the internationally accepted Basel prudential norms relating to 

income recognition, asset classification and provisioning, and capital adequacy. However, in early 

2013, the Indian banking system suffered from a huge Non-Performing Loans (NPL) crisis. There 

were a large number of corporate defaults during the period of 2013-16. Thus, the question was 

raised on the stability of the banking system in India. It becomes essential to examine the build-up 

systemic risk in the Indian banking system.   

The study measures the build-up of systemic risk of the Indian banking system through the 

Conditional VaR model. Besides quantifying systemic risk and exploring its determinants, the 

study developed a novel method of determining nodal (bank) weights. It has assessed the time-

varying Capital Shortfall during the stressed environment using CSRISK and identified the 

determinants of capital shortfall and its speed of adjustment as per Basel capital adequacy norms. 

It has developed a prompt corrective action (PCA) framework for the adjustment of the capital 

shortfall within the regulatory requirements. The study has constructed a network topology and 

identified the good (non-contagious) and bad (contagious) links by developing a profit-adjusted 

normalized systemic index. It assessed the systemic tolerance value for individual banks and the 

banking system, constructed „two-layer systemic tolerance networks‟, and estimated its 

properties. Finally, the thesis has examined the impact of board characteristics on systemic risk 

and developed a “Board Characteristics adjusted Systemic Risk (BCSR) index”, to analyse the 

capability of bank's board in tackling the systemic crisis.  

The empirical findings revealed that systemic risk build-up is higher during the down-cycle 

indicating the vulnerability during a distressing phase. Bank Size, asset quality, income, and asset 

diversification are significant bank-specific determinants influencing systemic risk. The 
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probability of a node being bad is higher than good highlighting systemic instability. The findings 

highlight that banks experience more capital shortfall during down-turn than during economic 

boom, with an average of four months required for the shortfall adjustment. 

The study also found a drastic increase in interconnections during the down-cycle with a 

significant number of bad connections. The study highlighted that banks have a high tolerance 

value showing their withstanding ability against systemic shocks. High values of network 

properties, namely density, average degree, path length, diameter, during the down-cycle, highlight 

the robustness of the Indian Banking system. It is also found that maturity leverage positively 

influences systemic tolerance, but asset quality, reverse repo, and loan growth negatively 

influences systemic tolerance. The empirical findings revealed that bank directors, through their 

monitoring process, contribute to reducing systemic risk, and the stability of Indian banks 

improved with the increase in the number of independent directors.    

As a policy measure, the banking system regulator should control excessive loan creation by 

imposing extra prudential provisioning and higher risk weight during economic up-cycle. The 

regulator should control the interbank money market and interbank asset-liability transfer to reduce 

interbank risk spillover. As a policy framework, the banking regulator should encourage the merge 

of small banks to create larger banks that can bear systemic risk. The regulator should improve the 

liquidity support in the repo market during the economic down-cycle to enhance the systemic 

tolerance of the banking system. Since the banking business is very complex and requires a 

specialized skill-set, the regulator should fix professional qualifications for the appointment of the 

board of directors, including independent directors. The thesis concludes that regulatory 

supervision is essential to reduce systemic risk for the overall stability of the banking system.     

Keywords: Systemic risk; Banking crisis; Interconnectedness; Capital shortfall; Systemic 

tolerance; Systemic network; Board characteristics; Prompt Corrective Action; SIFI; Systemic 

contagion    
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Nowadays, people demand more and more reliable systems. Several techniques have been 

developed to model and improve the reliability of a system. One of them is to equip the system 

with cold standby components (called it by cold standby sparing). This thesis investigates the effect 

of adding cold standby components to a coherent system. These studies include evaluating lifetime 

characteristics of the system such as reliability function, mean residual life function, and stochastic 

ordering results associated with the system lifetime. 

This thesis consists of eight chapters where the first chapter is introductory and covers the literature 

survey along with the motivation behind the work done. Chapters 2-3 focus on a particular type of 

coherent systems. Here, the remaining active components are connected in parallel when the 

coherent system fails. 

In Chapter 2, we investigate the restart of such a coherent system using a single cold standby 

component. Chapter 3 extends Chapter 2, which observes the restart of the coherent system using 

two cold standby components. In Chapter 2 (Chapter 3), we obtain the reliability function and 

mean residual life functions of the considered coherent system which is equipped with one (two) 

cold standby component(s). In Chapter 4, we focus on reliability properties of a k-out-of-n system 

equipped with two cold standby components. In Chapters 3-4, standbys are not placed into action 

simultaneously. They are put into action one by one. In addition, we show that when we use a 

stronger standby component (in the sense of failure rate order) at first, we get a longer system 

lifetime. In Chapter 5, we focus on a particular type of coherent system which may fail either on 

the failure of its first component or on the failure of its second component. We investigate the 

renewal of such a coherent system using two cold standby components. We obtain the reliability 

function of the considered coherent system which is equipped with two cold standby components. 

In Chapter 6, we consider a k-out-of-n system with n exchangeable components and a single cold 

standby component. The simultaneously working components are assumed to be dependent and 

this dependence is modeled by a copula function. First we obtain the residual lifetime distributions 

of the surviving components at the time of the failure of the k-out-of-n system. We also compute 

the mean time to failure of the considered system in terms of copula function. In Chapter 7, we 

consider a k-out-of-n system consisting of n exchangeable components equipped with a single cold 

standby component when all the components including standby are assumed to be dependent and 

this dependence is modeled by a copula function. By using the concept of conditional probability, 

an exact expression of the reliability function of the system, in terms of copula functions, is 

obtained. We also compute different mean residual life functions of the system. Finally, in Chapter 

8 we give the concluding remarks and provide some future scope of study along this direction.    
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components; k-out-of-n system, Mean residual life; Reliability; Sign-ture; Stochastic ordering. 
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A comparative study has been carried out to optimize the suitable microstructure, thereby 

obtaining a high strength-toughness combination in low-carbon steels used for construction, 

linepipe, automobiles, pressure vessel, naval, and defence applications. Three sets (S1, S2, and S3) 

of low-carbon steel plates and bars were received from industries and subjected to different heat-

treatment schedules. The heat-treatment schedules were designed to vary the microstructural 

parameters, i.e., prior austenite grain size, the volume fraction of phases and other second phase 

particles, size and distribution of different microstructural constituents, crystallographic 

orientation, etc. The reheating temperature was varied from 950℃ to 1250℃ for controlling the 

prior austenite grain size of S1 and S2 steels. After austenitization, different cooling treatments 

(i.e., furnace cooling (FC), air cooling (AC), and water quenching (WQ)) were carried out to 

achieve various combinations of phases. Besides obtaining the equiaxed or quasi-polygonal 

microstructure morphology following conventional FC and AC treatments, typical heat-treatments 

were applied in S3 steel (plate) for developing ferrite-bainite dual-phase steel having blocky and 

fibrous microstructure morphology. Correlating the heat-treatment process parameters and 

microstructure with tensile and impact properties, it was found that quenching from a lower 

austenitization temperature can reduce the effective grain size (7.2 ± 2.2 µm). Such a quenching 

followed by tempering treatment leads to the enhancement of strength (YS ~ 550 MPa, UTS ~ 748 

MPa) and reduction of ductile to brittle transition temperature (DBTT ~ -115 ℃) at the expense 

impact 

energy absorption is associated with limited plasticity due to a higher dislocation density present 

in the martensitic structure. Development of dualphase or multiphase microstructures consisting 

of different combinations of tempered martensite, bainite, fine polygonal ferrite, and acicular 

ferrite was found to improve impact properties (27J-

small amount of strength (YS ~ 384 MPa, UTS ~ 626 MPa). An impressive improvement in 

strength and impact toughness has been achieved by developing a fibrous microstructure with 

alternate lamella (2–4 μm thick) of ferrite and bainite through intermediate cooling (IC) treatment. 

Fine film-like structure with large orientation difference across the ferrite-bainite interface 

boundaries not only increased the strength (YS ~ 740 MPa, UTS ~ 1143 MPa) but also resulted in 

frequent deflection in cleavage crack propagation path, which improved the impact toughness and 

reduced the DBTT (USE ~ 222 J, DBTT ~ -54 ℃). Considering the effect of second phase particle 

on fracture micromechanism, it is known that the presence of coarse cuboidal TiN particles (>1μm) 

in coarse ferrite grain structure increases the DBTT by promoting the particle-controlled cleavage 

crack propagation. The small size and fraction of precipitates (like TiN, Nb, and V carbonitrides) 

present in the investigated S1 steel reduced the possibility of particle-controlled crack propagation 
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and grain size-controlled crack propagation, aided by fine grain structure resisted the cleavage 

fracture. Therefore, the presence of fine second phase particles or precipitates (TiN ≤ 0.4 µ𝑚) with 

fine effective grain size (7 - 12 µ𝑚) can be recommended for achieving high strength, high USE, 

and low DBTT (YS: 500 – 550 MPa, USE: 220 – 230 J, DBTT: ~ 115 ℃) in low-carbon low-alloy 

steels Besides the conventional microstructure, the effect of gradient microstructural morphology 

in thermomechanically treated rebar (S3 steel bar) on impact transition behaviour has been studied. 

Considering the difficulty in preparing standard geometry Charpy V-notch specimens from the 

TMT rebar, a new specimen design, on semi-circular cross-section, is proposed in the present study 

for the impact testing of rebars. Among the investigated rebars (having a diameter of 10, 12, and 

16 mm), higher section rebar (16 mm) showed the best combination of strength, ductility, and 

impact toughness, possibly due to the higher tempered martensite rim fraction and the presence of 

degenerated pearlite and lower-bainite at the core region of that rebar. Moreover, compressive 

residual stress distributed inside the rebar has also influenced this steel's impact transition 

behaviour. Considering the safety aspects, the life of a fire-affected building reinforced with the 

TMT rebar would be in danger if those rebars inside the concrete experience temperature at or 

above 550℃. In this situation, the gradient microstructure became highly affected and the 

beneficial compressive residual stress distributed inside the rebar got released to deteriorate the 

strength and impact properties. 

Keywords: Low-carbon Steel, Heat-treatment, Microstructural constituents, Microstructural 

morphologies, Multiphase microstructure, Grain refinement, Strength, Ductility, Charpy impact 

toughness. 
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Smart cities have become a leitmotif in the international political arena and scientific discourses. 

The study aims to develop a methodology for assessing the urban attributes of an existing 

traditional settlement that contribute to the goals of urban smartness. The null hypothesis assumes 

that the traditional settlements are indigenously smart, and it is possible to estimate their inherent 

smartness quotient despite its fuzzy interpretation. A text-mining and grounded-theory-based 

meta-synthesis approach is proposed to define a smart city as an urban system that strategically 

leverages the hidden potential of its existing communities for a livable, sustainable and inclusive 

urban future. The study develops a smartness quotient index and model to quantify the inherent 

smartness of an urban system assuming people’s perceptions and spatial attributes as proxy for 

urban smartness. Four levels of abstraction are identified for the hierarchical evaluation of 

households’ responses within the delineated study area of Alwar walled city in north Indian state 

of Rajasthan. The residents’ scores for each variable and indicator are aggregated using fuzzy 

arithmetic averaging, and all indicators are aggregated using fuzzy weighted averaging operations. 

Assuming derived smartness quotient as the response variable, an intelligent fuzzy inference 

system is trained using leave-one-out cross-validation and metaheuristics algorithms. 

The comparison with a classical index showcases the advantages of using fuzzy index in terms of 

its robustness, interpretability, and possibilistic approach.  The fuzzy scores shows that degree of 

tolerance ranks highest followed by perceived sense of safety and cultural freedom and cultural 

vitality ranks highest followed by collective efficacy and social cohesion, local environmental 

quality, and travel behavior. A genetic algorithm-based fuzzy inference system taking urban fabric, 

network topology, and cultural vitality as input variables explains ~ 83% variance. Application of 

partial compensatory approach, fuzzy linguistic labels, and non-linear optimization techniques 

enhance the readability, flexibility, and replicability of the model. The study concludes that the 

existing traditional communities are indigenously smart, and it is imperative to capitalize on the 

existing social and cultural resources of old cities. The proposed methodology is robust to deal 

with human-centric systems and provides an efficient expert-driven decision support tool.    

Keywords: Low-carbon Steel, Heat-treatment, Microstructural constituents, Microstructural 

morphologies, Multiphase microstructure, Grain refinement, Strength, Ductility, Charpy impact 

toughness. 

  



 

 265 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

CYCLONE INDUCED UPPER OCEAN DYNAMICS AND 

BIOGEOCHEMISTRY IN THE NORTH INDIAN OCEAN  

 

Riyanka Roy Chowdhury  

Supervisors: Prof. Arun Chakraborty and Dr. S. Prasanna Kumar 

Center for Oceans, Rivers, Atmosphere and Land Sciences  

Accession No.: NB17426 

 

The North Indian Ocean (NIO), comprising of two marginal seas, the Arabian Sea (AS) and the 

Bay of Bengal (BoB), is known for the occurrence of tropical cyclones. The anomalous behavior 

of several tropical cyclones that occurred in the NIO region have been studied using a suite of in 

situ, remote sensing, and model data as part this thesis work. A critical analysis of the unusual 

occurrences and behavior of two back-to-back cyclones (Chapala and Megh) over the AS region 

in October-November 2015, unprecedented track-reversal associated with cyclone Madi in the 

BoB in December 2013, and simultaneous occurrence of cyclones Luban (AS) and Titli (BoB) in 

October 2018 has been carried out. The cyclone-induced upper ocean responses in terms of sea 

surface temperature cooling, enhancement of chlorophyll biomass and biological productivity, and 

CO2 out-gassing have been quantified. The anomalous cooccurrence of the positive phase of the 

Indian Ocean Dipole (IOD) and a strong El Niño, along with the altered Walker circulation played 

a decisive role in preconditioning the ocean and atmosphere making it conducive for cyclogenesis. 

Cyclone Chapala seems to have been triggered by the arrival of eastward propagating atmospheric 

convection associated with the Madden-Julian Oscillation (MJO), while cyclone Megh seems to 

have been triggered by the oceanic Rossby wave that deepened the thermocline in the vicinity of 

the cyclone. After the passage of cyclones, maximum values of chlorophyll a were observed 2.30 

mg/m3 and 0.61 mg/m3 for cyclone Chapala and Megh respectively. After the passage of cyclones, 

the AS acted as a strong regional source of CO2. The unprecedented track-reversal associated with 

cyclone Madi in the BoB occurred when the cyclone passed over the cold core eddy, which slowed 

down its translation speed. Concurrently, the strengthening of the ambient wind shear facilitated 

the unusual track-reversal. The simultaneous occurrence of cyclones in the AS (Luban) and the 

BoB (Titli) in 2018 was facilitated by the co-occurrence of El Niño and positive phase of IOD, 

and the cold phase of Pacific Decadal Oscillation. All three climate modes acting in tandem led to 

the excess warming of the upper ocean in both the basins, which pre-conditioned the upper ocean 

by making higher-than-normal thermal energy available for the formation of cyclones. The 

eastward propagation of enhanced convection associated with MJO and the shifting of low vertical 

wind shear and high mid-tropospheric humidity led to the generation of Luban in the AS. In the 

case of Titli in the BoB, the triggering mechanism was the arrival of MJO and the oceanic Rossby 

wave that depressed the thermocline and increased the tropical cyclone heat potential. In addition 

to the above, cyclone induced variation of the carbonate parameters associated with five higher 

category cyclones that occurred in the BoB in 2013 have been analyzed using physical-

biogeochemical model (ROMS-PISCES). The results of the studies will be helpful in better 

understanding of the atmosphere-ocean dynamics and associated biogeochemical changes in the 

region and a more effective future prediction.  
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Keywords: North Indian Ocean, Tropical cyclone, Tropical cyclone heat potential, Madden Julian 

Oscillation, El Niño, Indian Ocean Dipole, Rossby wave, CO2 out-gassing, ROMSPISCES 
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Coupling between charge, orbital and spin degrees of freedom in transition metal oxides give rise 

to a plethora of exotic physical properties. The thesis is devoted to investigations on some titanate 

spinel (ATi2O4) compounds, which exhibit such bintricate couplings. MgTi2O4 possesses a chiral 

ground state (which is very uncommon in inorganic compounds) which hosts a tetramer orbital-

order (higher-order orbital ordering is very unconventional) along with a spin-singlet magnetic 

state. Combining experiments with density functional theory calculations, we establish a unique 

chiral ground state in another titanate spinel MnTi2O4 which, unlike MgTi2O4, contains a 

magnetic A site (the role of which is found crucial). MnTi2O4, which contains orbitally active 

Ti3+ ions, hosts a unique higher-order tetramer orbital order (qualitatively different from 

MgTi2O4) involving all three Ti t2g orbitals. Further, a ferrimagnetic 

ground state (driven by antiferromagnetic Mn-Ti exchange interactions), where the Ti sublattice 

orders ferromagnetically, is realized in MnTi2O4. While both MgTi2O4 and MnTi2O4 are 

insulating in their orbital ordered ground state, we demonstrate a unique current or electric field 

induced metallic state (with a very low threshold electric field, thus, promising for multiple 

applications) in the corresponding V-doped compounds. A Joule-heating driven mechanism for 

the resistive transition is ruled out. V3+ (Jahn Teller active ion) ion doping at the Jahn-Teller active 

Ti3+ site in (Mg/Mn)Ti2O4 induces a unique cooperation effect, where spontaneous electron 

transfer occurs from some of the Ti3+ ions to V3+ causing both the resultant ions (Ti4+ and V2+) 

to lose their orbital degrees of freedom. While strain energy (due to much larger V2+ ion) prevents 

spontaneous transfer of electrons between all the Jahn-Teller active ion pairs, the same can be 

excited in presence of a large current flow (as suggested through calculated density-of-states) to 

establish a metallic state. Further, we also investigate the presence of a superconducting transition 

of a surface layer formed on a V-doped MgTi2O4 sample at reasonably high temperatures, thereby, 

highlighting the promise of this class of materials in hosting multiple functional properties. 

Keywords: Jahn-Teller Effect; Orbital Ordering; Current induced metallic state. 
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In recent years, traceability in food supply chain has gained a lot of attention due to safety and 

quality issues. However, it is challenging to capture data seamlessly, store and access it securely, 

and make available reliable data in real-time throughout the supply chain. The integration of RFID 

and blockchain technology provides seamless data capturing and a single source of truth for 

information for all supply chain partners, thus breaking down data silos and enabling additional 

supply chain efficiency improvements and win-win scenarios for all players. By using integrated 

RFID and blockchain technology, unknown organizations within a supply chain may build trust, 

capture data seamlessly and exchange it on a case-by-case basis, increasing information sharing 

efficiency and lowering needless overhead expenses. The aim of this thesis is to propose an RFID 

and Blockchain integrated architecture for maintaining both product and process traceability taking 

the advantage of centralization and decentralization at the same time. The design science research 

methodology (DSRM) is used to realize these objectives. It demonstrates how to follow DSRM’s 

steps while designing an RFID-Blockchain integrated solution for supply chain traceability. In 

particular, we use Indian Public Distribution System (PDS) as the representative system. The first 

objective of present research is to study the existing system and explore the possibilities of 

adopting RFID and blockchain technology. We propose a framework to identify and analyse the 

barriers of RFID and blockchain adoption and apply it to Indian PDS. We prepared a questionnaire, 

collected the data from domain experts, and analysed using integrated Grey-DEMATEL approach. 

The second objective is to propose a conceptual framework for Indian public distribution system 

using consortium blockchain and an off-chain data repository designed to store the real-time data 

generated in a supply chain. The third objective is to propose a framework to mine business process 

from distributed event logs on consortium blockchain. We used a special class of Petri-nets called 

workflow nets (WF-nets) to represent the Formal Specifications of event logs in a blockchain. The 

fourth objective is to propose a framework for prototype implementation of consortium blockchain 

and Cassandra-based data repository in Indian PDS to understand its performance. We used 

Hyperledger Fabric and Caliper to address blockchain implementation. The scope of this study is 

confined to the food supply chain, and validation of the proposed frameworks and models are 

presented considering the Indian PDS as a case.  

Keywords: Blockchain, RFID, Supply chain traceability, Design science research methodology 

(DSRM), Process mining, Privacy preservation, Petri net, Indian public distribution system (PDS), 

Hyperledger fabric. 
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Reliability centred maintenance (RCM) is a corporate maintenance strategy, which provides a 

structured framework to analyse the functions and potential failures of an asset, focusing mainly 

on preserving its functions. It emphasizes on the principle of ‘maximum availability vs. minimum 

cost’ of an asset. However, during its implementation, organizations are often confronted with 

different types of multiple-criteria based decision making situations such as prioritization of failure 

modes as per their risk levels, identifying their causes and effects (FMECA), diagnosing the faults 

at the earliest possible opportunity even with missing health indicators, and aiding the system with 

an appropriate maintenance strategy. The present research work is an attempt to address the 

aforementioned decision-making issues in a more abstract way and by illustrating the proposed 

solutions through a case study on a process plant gearbox. 

Several integrated multi-criteria decision-making (MCDM) frameworks are proposed to overcome 

some major shortcomings of the traditional risk priority number (RPN) based failure modes 

ranking approach. Besides, the impacts of linguistic uncertainties are gradually minimized on the 

final risk ranking results by proposing the mathematical models of modified fuzzy multiattributive 

ideal real comparative analysis (fuzzy MAIRCA), modified fuzzy measurement of alternative and 

ranking according to compromise solution (fuzzy MARCOS), extended interval type-2 fuzzy 

decision making trail and evaluation laboratory (IT2F-DEMATEL), IT2F-MAIRCA, IT2F-

MARCOS, and modified IT2F-technique for order of preference by similarity to ideal solution 

(IT2F-TOPSIS). Apart from that, the causes and effects of different failure modes of the 

considered case study are identified from the triple bottom line (TBL) of sustainability with the 

aim of easing the implementation of sustainable manufacturing practices. The concept of half 

quadratic (HQ) minimization is utilized to address the issue of disparate risk ranking results by 

different MCDM methods through consensus index and trust level values. 

Next, a decision support system based on case-based reasoning (CBR) methodology is developed 

for the fault diagnosis of the gearboxes at the earliest possible opportunity, considering the 

situation of incomplete information about multiple health indicators. Other than that, the developed 

system advises the engineers with the best possible maintenance tasks which are required to be 

performed after fault diagnosis. 

Finally, a hybrid artificial intelligence-based framework is proposed for choosing the optimal 

maintenance strategy after identifying the key performance indicators for sustainability-based 
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Maintenance strategy selection problems. This framework is developed to overcome the 

drawbacks of the principles of the MCDM methods by exploiting the advantages of both CBR and 

expert systems (ES). The outcomes of this research have culminated in the publications of four 

international refereed journal papers, one international conference paper and one book chapter. 

Another book chapter has also been communicated recently. 

 

Keywords: Blockchain, RFID, Supply chain traceability, Design science research methodology 

(DSRM), Process mining, Privacy preservation, Petri net, Indian public distribution system (PDS), 

Hyperledger fabric. 
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The Eastern Ghats Mobile Belt (EGMB) and the adjacent Archean Craton contact boundary, 

represents the complex deformational history, with a crucial link to the reconstruction of Rodinia 

and Gondwana supercontinents. The terrane underwent collision and rifting in Mesoproterozoic, 

followed by thermal overprint of the mid-Neoproterozoic to early Phanerozoic orogeny, modifying 

its lithospheric structure. With an intent to capture the signatures of collision, 27 broadband 

seismic stations, equipped with Trillium 120P and Q sensors, were installed along 2 distinct 

profiles. NW-SE extending Profile-I spans across the Bastar Craton to the regions close to Chilka 

Lake, while Profile-II spans N-S from the Singhbhum Craton to the Mahanadi Rift. 

The performance of each seismic station has been assessed by studying the characteristic 

background noise. Power Spectral Densities of ambient background noise at each site have been 

calculated and compared to the global Noise Model. Observations indicate that stations in Profile-

I stabilise in some time post-deployment, while Profile-II is predominated by short period cultural 

noise. Effects of microseism are low. Despite the temporal and seasonal variations, the installations 

have been successful and noise levels consistent within the globally defined limits. 

The investigation of the rigid lithospheric-mantle floating over weaker hotter asthenosphere is key 

to understanding plate tectonics. I, therefore, present a shear-wave velocity (VS) structure for the 

crust and upper-mantle below the study area. The lithospheric structure is constrained through 4–

150 s fundamental-mode Rayleigh and Love-wave group velocity, based on 342 regional (2◦–30◦) 

earthquakes. The shear wave velocity models are improved by joint inversion with Receiver 

Functions computed from 643 teleseismic P-waves (30◦–90◦). The cratons and the mobile belt are 

characterised by 34–38 km, ∼45 km heterogeneous thick crust, and 120–160 km and 90– 120 km 

thick lithosphere, respectively. The abrupt changes in the crustal thickness possibly owe their 

origin to the collisional thrusting of the Eastern Ghats Province against the Archean Cratons. 

Significant variations in the nature of Moho are also noted. The flat and sharp cratonic Moho is 

distinct from the gradational Moho below the Eastern Ghats Province, possibly a signature of 

magmatic underplating below the mobile belt. Further, radial anisotropy determined from the 

discrepancy between VSH and VSV based on Rayleigh and Love-wave velocities respectively, is 

used as a proxy to determine the Lithosphere-Asthenosphere Boundary (LAB). The observed 

positive radial anisotropy (VSH > VSV) prevalent in the asthenosphericmantle is likely explained 

by flow-induced shear. 

Seismic anisotropic observations provide a potential tool to constrain the signatures of various 

continental-scale deformations that have shaped the lithospheric structure of various mobile belts 

and ancient cratons across the world. My study aims at examining core-mantle refracted phases, 
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SKS, SKKS, and PKS (combined term XKS) and the direct S-phase derived seismic anisotropy 

beneath the EGMB and the adjacent Archean Cratons. I implemented the Transverse Energy 

Minimization technique to analyse the core-mantle refracted phases and Reference Station 

Technique to analyse the direct S-phases and obtained 237 and 854 well-constrained individual 

splitting measurements respectively. The observations are based on 106 earthquakes recording 

SKS (84◦–140◦), SKKS (84◦–180◦), and PKS phases (120◦–180◦). 185 earthquake events (30◦–

90◦, Mw≥5.5) record for direct S-phases. The observed delay times δt varies between 0.4 s to 2.3 

s, but in most cases more than 1s, suggesting highly anisotropic mantle. 

The composite stacked Fast Polarization Directions (FPDs, φ) and δt in the Rengali Province are 

manifestations of the NE trend of the Indian Plate motion, combined with the WNW–ESE to E–

W oriented fabrics associated with the EGMB-cratons contact shear zones. The strained minerals 

at the deeper depths, result in FPD patterns sub-parallel to the Kerajung Fault Zone (∼70◦). The 

Mahanadi Rift has a predominance of the rift parallel signatures due to the ancient preserved 

fabrics, correlating it with the Lambert Rift of East Antarctica. The NNE-SSW-oriented FPDs 

observed at the Singhbhum Craton can be devoted to the evolutionary tectonic regime of the craton, 

while FPDs are predominantly oriented along the Absolute Plate Motion (APM) direction of the 

Indian plate (∼39◦) for the Bastar Craton. FPD patterns across the Eastern Ghats Province signify 

the influence of the lithospheric deformation along with APM. Observations indicate imprints of 

the Mesoproterozoic, mid-Neoproterozoic, and early Phanerozoic period continental building 

orogenies are preserved as frozen anisotropic signatures. The markedly distinct E-W (average 

∼95◦) FPDs, against the ∼47◦ average FPD of the adjacent western Phulbani Domain, 

distinguishes it as a separate block amongst the collage of domains forming the Eastern Ghats 

Province. 

Overall, the variations in the crustal and lithospheric architecture and anisotropic signatures across 

the domains of the Eastern Ghats Province are the implication of the deformations prevalent to 

rifting and collision of India and East Antarctica in the context of assembly and breakup of Rodinia 

and Gondwana supercontinent. The deformational episodes that have shaped the lithospheric 

architecture, distinguish between the multiple lithotectonic units within the mobile belt. 

Observations show that the Archean cratonic lithosphere is thinner than its erstwhile neighbours 

in the Gondwana configuration, attributed to the influence of mantle plume given the trajectory of 

the Indian subcontinent over Kerguelen and Crozet hotspots. Observations from the anisotropic 

parameters depict the influence of two dominant mechanisms. First, APM related strain due to the 

mantle drag at the base of the lithosphere combined with other plate driving forces. Second, fossil 

anisotropy of the lithospheric origin, especially across lithodomain boundaries, indicates large-

scale pervasive deformation related to the collision and rifting episodes of India and East 

Antarctica.  
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THREE-DIMENSIONAL SUBSURFACE CHARACTERIZATION OF 

BANDED IRON FORMATION MINERALIZATION USING GRAVITY 

AND MAGNETIC DATA IN PARTS OF BHARATPUR, DAUSA AND 

KARAULI DISTRICTS OF RAJASTHAN  

 

SAUDAMINI SAHOO  

Supervisor: Prof. S.P. Sharma 

Department of Geology and Geophysics  

Accession No.: NB17431 

 

Three-dimensional modeling and inversion of gravity and magnetic data are carried out for 

characterization of 3D subsurface structures associated with Banded Iron Formation 

Mineralization in Rajasthan, India. Geographically, the study area is located in the Bharatpur, 

gravity survey in the study area has unleashed responses from the area's geological formations and 

structures. Post-processed gravity data has revealed that the Bouguer gravity anomaly varies from 

-30 mGal (in the eastern part) to –79 mGal (in the south-western part) with a total variation of 49 

mGal, which shows the full effect of lithology and crustal structures on the gravity map. The area 

surveyed is characterized by high gravity anomaly in the eastern part and medium to low gravity 

anomaly in the central, south-eastern, and western parts of the Bouguer anomaly contour map. The 

Radially averaged power spectrum has brought out three density discontinuities at a depth of 3.20 

km, 1.55 km, and 0.85 km in the study area. The interface lying at depth 3.20 km for gravity data 

may be interpreted as an interface between Bhilwara and Delhi Supergroup. It is clear from the 

Euler-3D solution is that most depth solutions for the causative sources lie in the range of 1.0-2.5 

km depth. The magnetic anomaly map reveals a total variation of 7753 nT in the study area. The 

analysis of the magnetic anomaly map leads to separate the entire area into five bipolar magnetic 

domains trending in NE-SW direction of the area. The samples collected near the bipolar anomaly 

are identified as Banded Iron Formation and the susceptibility value is 26354 × 10-6cgs unit. The 

general trends of the contours are in NE-SW directions which are following the general trend of 

the exposed geology in the study area. The radially averaged power spectrum of magnetic data 

mainly highlights one susceptibility discontinuity at depth of about 1.45 km which may be 

interpreted as the interface between Bhilwara Supergroup and Vindhyan Supergroup. Three-

dimensional inversion of gravity and magnetic data reveal the lateral as well and vertical extent of 

causative bodies which can be used for exploitation in future.  

Keywords: Gravity survey; Delhi Supergroup; Bhilwara-Vindhyan Supergroup contact; Banded 

Iron Formation (BIF); Mineralization; 3D modelling and inversion; Euler 3D deconvolution.   
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TRANSITION METAL CHALCOGENIDE BASED BATTERY-TYPE 

ELECTRODES FOR SUPERCAPACITOR APPLICATION  

 
Suvani Subhadarshini  
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Indiscriminate depletion of fossil fuels combined with the ever-increasing demand for energy 

sources has given way to the search for alternate energy sources. Supercapacitors are prospective 

candidates in the field of energy storage devices. Despite all the advantages associated with 

supercapacitors they still suffer due to the low energy density delivery. The present work has 

focused on enhancement of energy density.   

Battery-type transition metal chalcogenide electrodes show better electrochemical properties in 

comparison to conventional capacitors. The broad objective of this thesis is the fabrication and 

electrochemical evaluation of transition metal chalcogenide-based battery-type electrodes for 

supercapacitor application.   

A simple, inexpensive, one-pot and binder-less synthetic technique has been developed. The 

novelty of the synthetic technique lies in that the nanostructures could be directly developed on Ni 

foam current collector substrates using chemical bath deposition technique. Based on facile 

chemical bath deposition technique, NiSe-Se nanotubes, CoSe-Se nanotubes, NiO nanoflowers, 

NiSe-Se nanotubes@NiO nanoflowers, and NiO nanoflowers@ NiSe-Se nanotubes were grown 

on Ni foam current collector. Subsequently, the synthesized materials were subjected to various 

electrochemical tests like cyclic voltammetry, galvanostatic chargedischarge, and electrochemical 

impedance spectroscopy. 

In-situ selenization was included in the chemical bath deposition technique which not only reduced 

the total time of synthesis compared to ex-situ selenization methods but also reduced the cost of 

fabrication. Novel strategies were incorporated to increase the conductivity and the active surface 

area of the fabricated electrodes. Highly porous nanostructures were developed on current collector 

surfaces to increase the number of electro-active sites. NiSe−Se@Ni foam electrode showed a 

superior specific capacitance value of 2447.46 F g−1 at a current density value of 1 A g−1 in 1M 

aqueous KOH electrolyte. A pouch-type hybrid supercapacitor (HSC) device was fabricated with 

NiSe−Se@Ni foam//AC@Ni foam delivered a specific capacitance of 84.10 F g−1 at a current 

density of 4 mA cm−2 with an energy density of 29.90 W h kg−1 at a power density of 594.46 W 

kg−1 for an extended operating voltage window of 1.6 V. The fabricated pouch-cell was suitable 

for real-world applications.   

A similar synthetic strategy was extended to develop CoSe−Se@Ni foam which exhibited a 

specific capacitance of 1750.81 F g-1 at 1 A g-1. A pouch-type hybrid supercapacitor (HSC) device 

was fabricated with CoSe−Se@Ni foam//AC@Ni foam delivered a specific capacitance of a 

specific capacitance value of 106.73 F g-1 at 0.5 A g-1 and achieved an energy density of 37.94 
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Wh kg-1 at a power density of 475.30 W kg-1. Finally, a hierarchy-based electrochemical study 

was conducted with NiSe-Se@NiO@Ni foam and NiO@NiSe-Se@Ni foam electrodes. The 

electrodes exhibited superior specific capacitance of 2704.92 F g-1 and 1891.50 F g-1 at a scan 

rate of 5 mV s-1, respectively, which was 3.25 and 2.27 times higher than the value of pristine 

NiO nanoflowers (831.50 F g-1). 

The study further showed the synergistic contribution of electro-active materials present in the 

sample. A sustainable approach was formulated to reutilize electrodes. The waste electrodes were 

collected, upcycled, and tested against E. coli bacteria for antibacterial application.    

 

Keywords: battery-type, hybrid supercapacitor, NiSe, NiO, CoSe, Ni foam, e-waste, NiSe-

Se@NiO@Ni foam, NiO@ NiSe-Se @Ni foam, pouch cell, electrode 
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TAILOR-MADE GLYCOPOLYMERS VIA REVERSIBLE 

DEACTIVATION RADICAL POLYMERIZATION: DESIGN, 

PROPERTIES AND APPLICATIONS  

 

Koushik Bhattacharya  
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Glycopolymers belong to the class of synthetic polymers bearing pendant sugar units that are 

receiving considerable attention among the scientific community as glycan analogs. The 

multivalent interaction between the sugar units and carbohydrate receptors (lectins) plays the key 

role on its biological activity. Therefore, it is crucial to manipulate the sugar density, length, and 

architecture of the glycopolymer to control the binding rates with lectins. In this context, the role 

of reversible-deactivation radical polymerization (RDRP) is important to regulate several 

structural aspects of glycopolymers. However, the application of glycopolymers is not only limited 

in the study of lectin—carbohydrate interactions. Currently, the major application of 

glycopolymers is in the field of pathogen inhibition and cancer therapy due to their biorecognition 

properties. However, the majority of these studies are still in preliminary level, and extensive 

research is required to define its potential applications.  

Herein, we first investigated the lectin binding efficiency of an octa-arm star glycopolymer as 

function of their chain length. It was observed that the binding constant value increases with the 

increase in glycopolymer chain length. In the next study, gelatin quantum dot tagged fluorescence 

active redox-responsive glycopolymer nanogel was developed via reversible 

addition−fragmentation chain-transfer (RAFT) polymerization. An anticancer drug, Doxorubicin 

(Dox) was loaded in the nanogel and its efficacy was studied over MDA MB 231, human breast 

cancer cell line. The efficacy of synergistic chemo-photodynamic therapy was studied in a 

subsequent investigation to enhance the therapeutic efficacy of system. A gold nanoparticle (NPs) 

embedded pH-responsive glycopolymer was synthesized via RAFT polymerization and was 

attached with Dox as well as with a photosensitizer. The system demonstrated a synergistic effect 

of chemo-photodynamic therapy when exposed to 630 nm LED light. In the final investigation, a 

glycopolymer based ratiometric fluorescent probe was developed based on Förster resonance 

energy transfer (FRET) to monitor the pH change in cellular system. The FRET efficiency of the 

system depends upon the pH-responsive segment of the polymer system which was utilized to 

distinguish normal cells and cancer cells. This thesis reports the preparation of tailor-made 

glycopolymers with well-defined architecture via RAFT polymerization technique and their 

applications in the study of glycopolymer-lectin interaction, bioimaging, drug delivery and 

phototherapy for cancer treatment.  

Keywords: Glycopolymer, RAFT polymerization, drug delivery, synergistic chemophotodynamic 

therapy, FRET. 
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DEVELOPMENT OF KALMAN FILTER ALGORITHMS FOR 
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Glycopolymers belong to the class of synthetic polymers bearing pendant sugar units that are 

receiving considerable attention among the scientific community as glycan analogs. The 

multivalent interaction between the sugar units and carbohydrate receptors (lectins) plays the key 

role on its biological activity. Therefore, it is crucial to manipulate the sugar density, length, and 

architecture of the glycopolymer to control the binding rates with lectins. In this context, the role 

of reversible-deactivation radical polymerization (RDRP) is important to regulate several 

structural aspects of glycopolymers. However, the application of glycopolymers is not only limited 

in the study of lectin—carbohydrate interactions. Currently, the major application of 

glycopolymers is in the field of pathogen inhibition and cancer therapy due to their biorecognition 

properties. However, the majority of these studies are still in preliminary level, and extensive 

research is required to define its potential applications.  

Herein, we first investigated the lectin binding efficiency of an octa-arm star glycopolymer as 

function of their chain length. It was observed that the binding constant value increases with the 

increase in glycopolymer chain length. In the next study, gelatin quantum dot tagged fluorescence 

active redox-responsive glycopolymer nanogel was developed via reversible 

addition−fragmentation chain-transfer (RAFT) polymerization. An anticancer drug, Doxorubicin 

(Dox) was loaded in the nanogel and its efficacy was studied over MDA MB 231, human breast 

cancer cell line. The efficacy of synergistic chemo-photodynamic therapy was studied in a 

subsequent investigation to enhance the therapeutic efficacy of system. A gold nanoparticle (NPs) 

embedded pH-responsive glycopolymer was synthesized via RAFT polymerization and was 

attached with Dox as well as with a photosensitizer. The system demonstrated a synergistic effect 

of chemo-photodynamic therapy when exposed to 630 nm LED light. In the final investigation, a 

glycopolymer based ratiometric fluorescent probe was developed based on Förster resonance 

energy transfer (FRET) to monitor the pH change in cellular system. The FRET efficiency of the 

system depends upon the pH-responsive segment of the polymer system which was utilized to 

distinguish normal cells and cancer cells. This thesis reports the preparation of tailor-made 

glycopolymers with well-defined architecture via RAFT polymerization technique and their 

applications in the study of glycopolymer-lectin interaction, bioimaging, drug delivery and 

phototherapy for cancer treatment.  

Keywords: Glycopolymer, RAFT polymerization, drug delivery, synergistic chemophotodynamic 

therapy, FRET. 
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SSIM-BASED BIT ALLOCATION FOR 3D VIDEO CODING 
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3D video is the new motion picture format that is replacing conventional 2D video due to its 

attractive applications. The compression techniques for the 3D video are posing challenging tasks 

due to interdependent stages in 3D video system. One of the challenges was to get the sufficient 

number of views for an autostereoscopic display without increasing the bandwidth. This was 

solved by multiview plus depth (MVD) representation format and view synthesis. However, 

compression errors in depth map result in synthesis view distortion, which directly affects the 

display. In order to minimize synthesis distortion, we proposed different algorithms in this thesis. 

In all the proposed algorithms, we focused on improvising perceptual quality for better 3D display. 

In 3D video, any distortion during encoding of texture video and depth map is reflected in the 

synthesized views. Depth maps have no role in display. However, the depth information is required 

in the view synthesis process to render intermediate views. Thus, texture video and depth maps 

are to be encoded with high efficiency to make the display free from distortion. The encoding 

algorithms like rate-distortion optimization (RDO) and rate control are used to improve the 

encoding efficiency. In these techniques, the distortion metrics like mean-squareerror (MSE), sum-

of-squared-errors (SSE) are used which do not correlate with human vision. Visual quality metrics 

like Structural Similarity index (SSIM) are used to improve the perceptual quality in 2D video 

coding. In this thesis, SSIM is used as a distortion metric in RDO, joint bit allocation and rate 

controlmethodstoimprovetheperceptualqualityofsynthesizedviewsinthe3Dvideo. 

SSIM-based RDO is implemented for the 3D video where mode decision and motion estimation 

RDO are applied for both texture video and depth map. Distortion is measured using structural 

dissimilarity (dSSIM). Using dSSIM-MSE relation, Lagrange multiplier is scaled to enhance 

SSIM of virtual views. Further, joint bit allocation for 3D video is proposed to improve perceptual 

quality. View synthesis distortion is modeled using dSSIM as distortion metric. Pre-encoding is 

carried out to derive rate-quantization (RQ) and distortion-quantization (DQ) models along with 

sequence model parameters. The synthesis distortion is in terms of dSSIM, and there is no closed-

form relation between dSSIM and quantization parameter (QP). dSSIM is expressed in terms of 

MSE using SSIM-MSE relation and is minimized to obtain expressions for optimal quantization 

parameters for texture video and depth map. Performance of SSIM-based joint bit allocation is 

improved using (i) frame parameters for determining model parameters and (ii) nonlinearity of 

depth distortion in RDO. 

The rate control algorithm for 3D video is developed to enhance the perceptual quality. The 

algorithm controls the bit rate by allocating proper bits at texture/depth level, frame level and basic 

unit-level along with SSIM improvement. To achieve this, the rate-distortion (RD) model is 
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derived with dSSIM as a distortion measure. RD model is minimized to obtain a new Lagrange 

multiplier. 

The SSIM-based RDO and bit allocation algorithms are implemented on the 3DV-ATM encoder. 

To improve the encoding efficiency, the algorithms are implementedon3D-

HEVCofHTMreferencesoftware. View synthesis reference software is used for generating the 

synthesized views when 3DV-ATM is used as encoder. Rendering algorithm available with 3D-

HEVC is used for view synthesis in HEVC encoder. The 3D sequences, Kendo, Balloons, Break 

dancer, Ballet, Poznan Street, and Shark are used in verifying the performance of different 

algorithms. Performance is measured with RD graph, BD-Rate comparison, subjective evaluation 

and temporal SSIM computation. 

Keywords: 3D video, Perceptual quality, Joint bit allocation, View synthesis distortion 
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SECONDARY-SIDE PHASE SHIFT MODULATION METHOD AND 

STEPPED VOLTAGE SWITCHING TECHNIQUE FOR EFFICIENCY 

IMPROVEMENT OF PV-MICROINVERTERS  
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              The work presented in this thesis is targeted towards the development of a new high-

frequency isolated single-stage PV-microinverter topology (250W, 30V220V/110V, DC to AC 

converter) that would offer better efficiency and reduced switch voltage stress. A phase-shift full-

bridge converter-based DC to AC converter (Full Bridge microinverter) is chosen as the basic 

isolated single-stage DC to AC converter. The Full Bridge (FB) microinverter topology consists 

of a full-bridge converter, highfrequency transformer, cycloconverter, and an inductive filter. In 

this converter, some topological changes are incorporated along with a modulation scheme that 

helps to achieve soft-switching of all primary and secondary side devices and to eliminate 

circulating current in the primary side of the converter. A Secondary-side Phase Shift Modulation 

(SPSM) scheme presented in this thesis would satisfy the aforementioned objectives far better 

compared to the Primary-side Phase Shift modulation scheme of the FB-microinverter. 

Subsequently, the voltage ringing problem caused by the leakage inductance of the transformer 

and the output capacitance of cycloconverter devices is identified as a cause for concern. It makes 

the voltage-clamp necessary and reduces the efficiency of any Full Bridge (FB) converter 

irrespective of the modulation schemes used. In this work, a Step Voltage Switching (SVS) 

technique has been developed to address this voltage ringing issue. The basic idea of the SVS 

technique is to apply a time-critical two-stepped voltage waveform to the input of the 

cycloconverter. This SVS technique is first implemented in a Secondary-side Phase Shift (SPS) 

controlled DC-DC converter (SVS DC-DC) by incorporating some topological changes. It resulted 

in almost negligible voltage-clamp requirement, and thus, there was considerable (around 3%) 

improvement in efficiency. Finally, the SVS technique has been implemented for FB-

microinverter (SVS DC-AC) to eliminate the voltage ringing that otherwise appears across the 

cycloconverter MOSFETs. It is found that the proposed SVS technique can be suitably used for 

any conventional isolated buck-derived topologies in both DC-DC and DC-AC conversions to 

improve the efficiency of the converter. 
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              This study aims to propose and validate a theoretical framework, which investigates the 

relationship between Ethical leadership, Servant leadership, CSR Practices, Employee 

Engagement, and Employee Innovativeness. Further, the study intends to elucidate the role of 

Employee Engagement as moderator and CSR Practices as mediator. The association between the 

above-mentioned latent constructs is together formulated as the set of antecedents and 

consequences of CSR practices. To achieve the study objectives, a theoretical framework 

encompassing these concepts is developed grounded on the insightful literature review. In due 

course, seven hypotheses are formulated to validate the proposed research framework.    

Data were collected using structured questionnaires. 230 filled responses were received out of 350. 

Data were analyzed using the Structural Equation Modeling (SEM) technique. The mediating 

effect of CSR Practices on the relationship between Ethical leadership, Servant leadership, and 

Employee Innovativeness and the moderating effect of Employee Engagement on the relationship 

between CSR Practices and Employee Innovativeness were examined using Model 14 of SPSS 

PROCESS Macro (Moderated Mediation Analysis).     

As hypothesized, the results of the structural model endorse the significant effects of Ethical and 

Servant Leadership on CSR Practice; and further that of CSR Practices on Employee 

Innovativeness. Moreover, as rightly hypothesized CSR Practices have shown a positive influence 

on employee innovativeness. Results from PROCESS Macro are consistent with the hypotheses 

and suggest that employee engagement moderates the corresponding relationships these results 

offer convincing support for the significance of CSR Practices and their valuable drivers and 

outcomes.    

Overall, the study offers a comprehensive framework that validates worthy interrelationships with 

respect to the CSR Practices in the context of Indian Healthcare sectors. The framework provided 

as part of the study would lead to further empirical examinations and guide the healthcare sectors 

in revising their operating models, with special reference to their Human Resource function. As a 

final point, the empirical findings call for subsequent discussion and noteworthy implications 

which will be of interest to managers and professionals. While the study has acknowledged the 

limitations, it has categorically shown the future research scope to better understand the nature of 

CSR practices and the interplay of different factors affecting it.     

Keywords:  Ethical Leadership, Servant Leadership, CSR Practices, Employee Engagement, 

Employee Innovativeness, and Structural Equation Modeling    
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              Particle Image Velocimetry (PIV) measurements in the fully developed turbulent flow 

over three-bed roughness transitions (i.e., abrupt, gradual, and abrupt step) were carried out to 

study the detailed flow physics and turbulence mechanisms. The Reynolds stress results reveal that 

for a given vertical distance, both the Reynolds shear and normal stresses in the downstream bed 

increase with the streamwise length compared to their upstream values. Their peak magnitudes 

appear at the edge of the wall-shear layer. In addition, the bed shear stress enhances with the 

streamwise distance. The stress colour maps corroborate that the formation of roughness-induced 

layer over the downstream bed thickens with streamwise distance.   

The analysis of the instantaneous velocity vectors and colour maps at different times infers that 

the motions of the fluid streaks are repetitive in nature with time. The instantaneous vorticity fields 

at different times show that the clockwise motions of vortices near the bed are persistent, while 

counterclockwise motions above the bed arise in dispersed form. The clockwise and 

counterclockwise motions cause the flow to decelerate and accelerate, respectively. The time-

averaged distributions demonstrate that an abrupt and gradual change in bed roughness converting 

the flow from hydraulically smooth to rough elevates the zero-velocity level as the streamwise 

distance increases. At the same time, the Nikuradse zero-plane displacement remains almost 

unaffected.   

The high order correlations reveal that an inrush of rapidly moving fluid streaks associated with a 

downward-upstream Reynolds stress diffusion is the primary mechanism in the near-bed flow zone 

of the downstream bed. In contrast, an arrival of slowly moving fluid streaks associated with an 

upward-streamwise Reynolds stress diffusion prevails in the flow on the upstream bed. These 

results are in conformity with those obtained from the turbulent kinetic energy (TKE) fluxes. With 

regard to the TKE budget, the peaks of TKE production and dissipation rates form near the 

downstream bed and are greater than those in the upstream bed. However, in the near-bed flow 

zone of the downstream bed, a lowpressure prevails. Bursting analysis also endorses that the 

sweeps govern the near-bed flow on the downstream bed and the ejections prevail far from the 

bed.   

Keywords: Bed roughness; Flow characteristics; Fluid flow; Hydraulics; Open-channel flow; 

Turbulent flow.   
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Human brain is the most complex organ that has evolved in nature. To interpret the top-level 

cognitive behaviour of the human brain, it is essential to understand what is going on at the level 

of a neuron, a functional element of the brain. Though several researchers have put much effort 

into understanding and modeling a single neuron and associated processes, the overall 

knowledge is not yet comprehensive. An adequate understanding of spike transfer process from 

one neuron to another is essential for developing and analyzing spiking neuronal network 

models.  

The overall objective of the thesis is to design and analysis of an easy to follow discrete time 

electrical model of a cortical neuron for probabilistic spike transfer process with realistic 

biological features and parameters from the perspective of electrical engineering. 

A novel leaky integrate and fire (LIF) model of a target post-synaptic neuron connected with 

multiple pre-synaptic neurons with threshold variability and activity-dependent noise process for 

neuronal spike transfer process has been proposed and analyzed first in this thesis. An elegant 

analytical expression of membrane potential has been developed. The LIF model captures several 

essential features of a spiking neuron through a minimal set of model parameters. An expression 

for the probability of generation of a spike at axon-hillock of the post n synaptic neuron is derived 

from the model. 

Human brain is the most complex organ that has evolved in nature. To interpret the top-level 

cognitive behaviour of the human brain, it is essential to understand what is going on at the level 

of a neuron, a functional element of the brain. Though several researchers have put much effort 

into understanding and modeling a single neuron and associated processes, the overall knowledge 

is not yet comprehensive. An adequate understanding of spike transfer process from one neuron to 

another is essential for developing and analyzing spiking neuronal network models. The overall 

objective of the thesis is to design and analysis of an easy to follow discrete time electrical model 

of a cortical neuron for probabilistic spike transfer process with realistic biological features and 

parameters from the perspective of electrical engineering. A novel leaky integrate and fire (LIF) 

model of a target post-synaptic neuron connected with multiple pre-synaptic neurons with 

threshold variability and activity-dependent noise process for neuronal spike transfer process has 

been proposed and analyzed first in this thesis. An elegant analytical expression of membrane 

potential has been developed. The LIF model captures several essential features of a spiking 

neuron through a minimal set of model parameters. An expression for the probability of generation 

of a spike at axon-hillock of the post synaptic neuron is derived from the model. 
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Keywords: Leaky integrate and fire model; LIF model; Threshold variability; Spike transfer 

process; Post-synaptic potential; Probability of generation of spike; post-synaptic-potential (PSP); 

asynchronous generation of PSP; delay; EPSP; IPSP. 
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NANOEMULSION OF ESSENTIAL OIL OF BETEL LEAF (Piper betle L.): 

FORMULATION, CHARACTERIZATION AND APPLICATION IN FOOD 

PRESERVATION  
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Betel leaf (Piper betle L.) is a popular plant having several ethnomedicinal claims in Southeast 

Asian countries. Betel leaf contains essential oil (2% dry basis) which has many beneficial 

properties as it consists of several bioactive compounds, such as estragole, eugenol, chavicol, 

chavibetol etc. The essential oil of betel leaf (BLEO) was used in synthesis of nanoemulsions.  

Two different types of nanoemulsions were prepared. The single component nanoemulsions 

(SCN) was constituted of BLEO, distilled water and Tween-20 emulsifier at different 

proportions (1:1 – 1:6). On the other hand, another plant polyphenol, ‘quercetin’ of varying 

concentrations (25 – 400 µg/ml) was added to SCN to prepare dual component nanoemulsions 

(DCN) for better effectiveness.  

The DLS study and SEM image analysis confirmed the emulsification to the nanosized and 

spherical-shaped droplets. The FTIR analysis of the obtained nanoemulsions also revealed that 

there was almost no change in the functional groups of BLEO even after emulsification. The 

nanoemulsions were thermodynamically unstable but the kinetic stability ranged from 70 – 150 

days.  

The in-vitro antimicrobial activity against five selected food-borne pathogens and antioxidant 

effectiveness of the prepared nanoemulsions was performed. All of the twelve nanoemulsion 

formulations exhibited potential antimicrobial activity in terms of their MIC and MBC at a very 

low dose (0.5 – 2.5 µl/ml). They also exhibited potential antioxidant effectiveness depending on 

its total polyphenol content, total flavonoid content, total antioxidant capacity and DPPH free 

radical scavenging activity.  

The antimicrobial effectiveness of the nanoemulsions in surface sanitization of fresh vegetables 

was evaluated in terms of microbial log cycle reduction (log CFU/ml). The formulated 

nanoemulsions were also used for fortification of cupcakes to observe their effectiveness in 

storage study and sensory quality in terms of moisture absorption, free fatty acid formation and 

peroxide value determination. Both the emulsions exhibited effectiveness for enhancing shelf-

life of the cupcakes with appreciable inhibition of microbial growth over control (unfortified) 

samples.  

Thus, the current study indicates that the betel leaf essential oil nanoemulsion (SCN) is a 

potential antimicrobial and antioxidant substance for functional food applications. Besides, use 

of quercetin in preparation of DCN slightly increased the effectiveness. 
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Keywords: Betel leaf, essential oil, plant polyphenol, nanoemulsions, antimicrobial, antioxidant, 

functional food. 
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Cryogenic air separation units (ASU) separate the free available raw material air into its 

constituents, primarily oxygen, nitrogen and argon in varying purity, state and quantity. However, 

the high running cost due to high power consumption and high capital cost increase the final price 

of the products. For the past 120 years research was driven to reduce these costs. Recently, safety 

and operational flexibility have also come to the forefront. This work focuses on reducing costs 

while maintaining the safety and enhancing the operational flexibility of the plants.     

Out of the separated components oxygen finds its major applications. Pressurized oxygen at a 

purity of 99.5% may be supplied through pipelines at a pressure of 30-40 bar to steel making units 

or transported in oxygen cylinders which are filled at pressure ranging from 150-300 bar. There 

are three methods of pressurization. Firstly, external compression (EC) method mandates the use 

of fire prone gaseous oxygen compressors due to which EC has become obsolete. But it is the least 

power consuming method and is a useful benchmark for the power and capital costs. Secondly, 

external vaporization (EV) method in which liquid oxygen produced in a plant is vaporized at a 

distant location due to which it is the safest. However, external vaporization method suffers from 

high loss of liquid oxygen cold that required high compression and expansion in a turbine and 

hence, it incurs highest power consumption. Thirdly, a middle ground is achieved by the internal 

compression (IC) method. IC requires gasification of pumped liquid oxygen in its main heat 

exchanger that may suffer from inter-channel leaks beyond 150 bar pressure. Thus, IC utilizes the 

heat of the incoming high-pressure air resulting in power consumption and safety lying somewhere 

in between the external compression and external vaporization method.   

The properties of oxygen below and above its critical pressure 50 bar vary differently. There is 

isothermal phase change at the boiling point of sub-critically pumped pure liquid oxygen which is 

not observed for super-critically pumped liquid oxygen. Hence, oxygen production below and 

above 50 bar shall be dealt separately. Even the results obtained for a large scale plant supplying 

sub-critical oxygen at 30-40 bar through pipeline to an integrated steel industry may not be 

applicable for a small or medium scale plant filling oxygen cylinders at a super critical pressure of 

150-300 bar. IC plants require appropriate combinations of pressure and flow of air and size of the 

man heat exchanger to vaporize pumped liquid oxygen with reasonable specific power 

consumption. Based on exergy analysis and economic estimation of the plant producing sub- and 

super-critical pressure oxygen after simulating the plant in Aspen HYSYS®™8.6, the values of 

parameters which give high exergy efficiency with low capital and operating expenditures are 

determined.  

Large scale ASU having double and single column configuration producing pressurized oxygen 

through IC are modified to cater simultaneously to the steel making unit and blast furnace which 

resulted in reduction of specific power consumption and total hourly estimated expenditure by 

approximately 20% and 10% respectively. Single column ASU is found to be less power and total 
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cost incurring compared to double column, so further investigation of the distillation column 

helped to propose two additional reboilers that resulted in net reduction of specific power 

consumption by 40% compared to the basic double column plant. Operational strategies to 

generate three different oxygen product mixes from a single ASU are also proposed. Medium scale 

ASU filling oxygen cylinders having the safest external vaporization method are also improved to 

utilize the cold of externally pumped liquid oxygen to substantially reduce specific power 

consumption approximately by 30%. The operational strategies to generate three different 

pressures of oxygen from a single ASU at 150, 230 and 300 bar are also elaborated.  

 

Keywords: Cryogenic air separation, Steel industry, Oxygen cylinder filling, Internal 

compression, Operational flexibility, Exergy efficiency, Economic estimation.    
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The redshifted 21-cm radiation from neutral hydrogen (HI) serves as a direct probe to observe the 

Epoch of Reionization (EoR). Several radio-interferometric experiments are continuously striving 

to measure power spectrum (PS) of the EoR 21-cm signal. The upcoming SKA-Low telescope is 

expected to measure the EoR 21-cm PS with a very high precision. The work presented in this 

thesis is focused on error predictions for the future SKA-Low observations. The EoR 21-cm signal 

is predicted to be highly non-Gaussian with the impact of non-Gaussianity increasing as the 

reionization proceeds. The non-Gaussianity affects the PS error covariance Cij through the bin 

averaged trispectrum ¯ T (ki,kj) which is zero for a purely Gaussian field. In this thesis, we have 

used simulations to predict the error covariance for observations with the upcoming SKA-Low. 

We present results considering different observing times and for different foreground scenarios. 

We find thatthenon Gaussianity increases the error variance for the PS estimated in the different k 

bins. It also introduces a correlation among the errors in different k bins. These effects are 

pronounced particularly at small k (. 0.4 Mpc−1) modes for moderately long observations (tobs 

&1024 hours). As expected these effects are more pronounced during the later stages of 

reionization. 

The error covariance for the 21-cm PS Cij also affects the parameter estimation for models of 

reionization. Here we consider an EoR model with three parameters namely (1) the minimum halo 

mass that can host ionizing sources, Mmin, (2) the number of ionizing photons escaping into the 

IGM per baryon within the halo, Nion, and (3) the mean free path of the ionizing photons within 

the IGM, Rmfp. In this thesis, we make error predictions for these parameters considering the 

different observing times and for different foreground scenarios.  

Thelight-cone(LC)effectbreakstheergodicityoftheobserved21-cmsignalalong the line-of-sight. 

This makes the 3D PS P(k) an inappropriate estimator of the signal. Later in this thesis, we consider 

the multifrequency angular power spectrum (MAPS) C`(ν1,ν2) to quantify the statistics of this 

non-ergodic signal. We use simulations to estimate the EoR 21-cm MAPS and also make 

corresponding error predictions considering different observing times for different foreground 

scenarios. We find that above 5σ measurements of C`(ν,ν) is possible with moderately long 

observations for a substantial range of multipoles ` and frequency bandwidth.  

 

Keywords: cosmology: theory, dark ages, reionization, large-scale structures of universe, 

firststars, diffuse radiation–methods: statistical–techniques: interferometric. 
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Positive systems are frequently encounter red in biological systems, chemical processes, 

economics, social science, and in various fields of engineering. An internally positive system (also 

called non-negative system) maintains its states at non-negative values in presence of non-negative 

initial conditions and inputs. This thesis deals with two problems – the static output feedback 

stabilization problem for internally positive systems and the design of consensus protocol for 

achieving finite positive state consensus in a connected network of homogeneous positive 

multiagent systems. 

For solving static output feedback stabilization (SOFS) problem (an NP-hard problem) of linear 

time-invariant (LTI) multi-input multi-output positive systems, two iterative algorithms are 

proposed. Contrary to the existing literature, in this thesis, no restrictive assumption has been put 

on the state-space description of the open-loop plant for which a static output feedback controller 

is to be designed to synthesize a stable internally positive system in closed-loop. Algorithm 1 

involves the cone complementarity lineaization technique to overcome the underlying difficulties 

of bilinear matrix inequality problem, whereas Algorithm 2 depends on a scalar search technique 

associated with a positive definite matrix obtained as the stabilizing solution of a Riccati equation. 

Later, in positive systems framework, the SOFS problem is solved subject to linear quadratic (LQ) 

performance. This thesis also presents a solution of the robust SOFS problem in presence of 

interval state-space uncertainty of the open-loop positive plant. The design framework is posed in 

an easily solvable linear matrix inequality (LMI) framework. Further, the robust SOFS problem is 

extended to deal with the positive absolute stability problem in Lur’e framework where an 

uncertain LTI positive sub-system is interconnected with a memoryless, time-varying, sector-

bounded non-linear element via positive feedback. 

Next, the positive state consensus problem of a network of homogeneous linear positive agents is 

solved. A hierarchical control protocol is designed to achieve a finite positive state consensus in 

directed networks. The minimal state-space realization considered for each positive agent is not 

restricted to be internally positive realization, which is in contrast to the existing literature. First, 

a set of sufficient conditions is derived in linear programming (LP) framework solving which the 

unknown controller matrices involved in the consensus protocol are obtained. In order to achieve 

a finite positive state consensus, the local state feedback controller of the protocol synthesizes a 

singular Metzler system matrix which is shown either to be an irreducible matrix or to belong to a 

set of reducible Metzler matrices. Further, in this thesis, an observer based hierarchical control 

protocol is designed for finite positive state consensus. Later, the same problem is investigate dina 

leader-following multi-agent systems connected over a directed network. The multi-agent network 

is assumed to be of homogeneous linear positive systems having a minimal and internally positive 

state-space realization. In the leader-follower network, the cooperative controller gain matrix is 

obtained by solving a set of necessary and sufficient conditions derived in LP framework. 
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Several numerical examples are solved throughout the thesis to illustrate the effectiveness of the 

proposed results 

Keywords: Positive systems, Interval uncertainty, Static output feedback control, Robust control, 

Absolute stability, State consensus, Multi-agent systems, Hierarchical cooperative control, 

Metzler matrix, Irreducibility, Linear programming, Linear matrix inequality.  
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The era that we are presently live in has made migration an exclusive, discriminatory and selective 

process than ever before. This coupled with different externalities like war, trade sanctions, 

underdeveloped and climate change, have forced more and more migrants out of their native places 

in search for new pastures. Within this background, this research critically examines how forced 

migrants re-imagine their lives in the destination, that is, how they engage with the politics of 

space to produce a conducive life in the new environment. It focuses, captures and presents the 

time from when the migrant out-migrate to moving into the destination and their efforts to 

integrate. The research draws its data from the migrants’ past, and present lived experiences 

spanning the origin and new environment. Its aims to gather knowledge on similarities and 

dissimilarities in their attempt to integrate, referred to as engagement with space. 

The research adopts an experimental comparative approach that compares the urban experience 

of forced migrants with in a larger framework of politics of space in the two cities Kolkata and 

Perth. The research expands upon existing literature to provide new methodological, analytical 

and empirical insights into the process of migrants’ engagement with space. It adopt sanetheno-

phenomenology approach to collect data and puts the migrant, viewed both as asocial and 

individual being, at the centre of its inquiry. 

The research aims to answer two simple questions - first, what are the modes of migrants’ 

engagement with space; second, if a shared framework of engagement, common to migrants 

situated in different contexts, can be developed. For the first objective, the research identifies three 

relational modes of engagement with space: spatial perception, experience, and spatial practices. 

By drawing on their findings, it next proposes a five-stage engagement with space framework- 

shrinkage, expansion, contraction, conscious expansion and assimilation. These five stages are 

explained using the social and individual space-time relation concept. The research outcomes 

shows, that the adopted research methodology clearly brings out the fact that, even though there 

are overarching similarities in how different migrants engage with contextually different spaces 

and that a common framework of engagement with space is possible, variegated types of 

engagement exist depending on migrants’ circumstantial factors and individual will. 
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APPROACHES 
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The hot workability, deformation behavior, and microstructure evolution in high alloyed austenitic 

stainless steels such as super-304H austenitic stainless steel (super-304H SS) and phosphorus 

modified super austenitic stainless steel are studied over a wide range of temperatures (1173 – 

1423 K) and strain rates (0.001 – 10 s-1). The flow behavior is analyzed, and constitutive analyses 

are performed in both the alloys to adequately characterize the hot deformation behavior. The 

processing maps are developed using various stability/instability criteria, and detailed 

microstructure analyses have been performed at different processing domains. Microstructural 

analyses have revealed that continuous dynamic recrystallization (cDRX) is the primary 

restoration mechanism in super-304H SS at lower temperatures (<1273 K). The cDRX in super-

304H SS is identified by progressive misorientation increase, and deformation microbanding. The 

progressive misorientation increase is dominant in the fine-grained super-304H SS (⁓8 µm) at the 

low strain rates, which occurs together with discontinuous dynamic recrystallization (dDRX). The 

cDRX characterized by microbanding (⁓96 µm) is dominant in the coarse-grained super-304H SS 

at all strain rates (0.001 – 1 s-1). A sharp transition from cDRX to dDRX is also observed in super-

304H SS following deformation at higher strain rates (0.5 – 10 s-1) and temperatures (1350 – 1423 

K). This dDRX domain in super-304H SS is identified as optimum for processing due to its higher 

efficiency levels (30 – 35%), lower activation energy (450 – 550 kJmol-1), and evolution of defect-

free fine and equiaxed grains. The unstable region (i.e., at 1173 – 1300 K/0.003 – 10 s-1) in super-

304H SS is characterized by low DRX fraction and micro-crack formation due to intergranular 

coarse Nb-rich precipitates in the deformed microstructure. Meanwhile, the dominant DRX 

mechanism in super austenitic stainless steel is identified as dDRX at all strain rates (0.001 – 10 

s-1) and temperatures (1173 – 1423 K) investigated in this study. The evolution of fine grains due 

to dDRX with near-random texture is evident in super austenitic stainless steel following 

deformation at strain rates 0.001 – 10 s-1 and temperatures 1173 – 1273 K. The deformed grain in 

this domain is exhibited the typical formation of <110>//ND or 𝛼 fiber, and its volume fraction 

has gradually increased when the resistance to deformation increases. Weak deformation texture 

is persisted in the fine DRX grains (≤3 µm) of super austenitic stainless steel, which is gradually 

converted to a strong <001>//ND fiber following grain growth. The deformation texture in super 

austenitic stainless steel is simulated by employing a crystal plasticity finite element method 

(CPFEM). The texture inhomogeneity is observed in a typical compressed specimen, which is 

associated with the variation in stress/strain paths at different locations of the hot compressed 

specimen. Additionally, the ∑3 twin boundary evolution is examined employing Pande’s 
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relationship and twin related domains (TRDs) analysis. The growth accident is identified as the 

major mechanism of ∑3 twin boundary evolution during DRX in super austenitic stainless steel. 

Moreover, the ∑3 regeneration is also evident in a small domain of hot working (1323 K/0.001 s-

1), which is substantiated by texture randomization and the formation of relatively larger TRDs in 

the microstructure. Based on the processing map, microstructure, TRD, and texture analyses, the 

optimum domain for hot deformation in this steel is identified as the strain rate ranges of 0.001 – 

0.1 s-1 and temperature ranges of 1300 – 1350 K. Further, the DRX behavior of super austenitic 

stainless steel is simulated employing novel combined cellular automaton (CA), artificial neural 

network (ANN), and finite element method (FEM). In this approach, the CA model has been 

modified by introducing a new temperature-strain rate-dependent mobility parameter for 

numerically considering the solute drag effect. This modified CA model has been optimized for 

super austenitic stainless steel at different strain rates (0.001 – 10 s-1) and temperatures (1173 – 

1423 K) under isothermal deformation conditions. The output of the CA simulation has been used 

for establishing ANN-based constitutive models. The trained ANN-based constitutive models have 

been further implemented in FEM software (ABAQUS 6.14) to evaluate flow behavior and 

microstructure response of the alloy under various non-isothermal deformation conditions. The 

simulation has revealed that the increase in DRX fraction due to adiabatic heating is dominant at 

intermediate temperatures (1273 – 1373 K) and high strain rates (1 – 10 s-1) while it is not 

significant in other deformation conditions.   

Keywords: Super-304H SS; Super austenitic stainless steel; Hot deformation; Processing map; 

Instability; Activation energy; Continuous dynamic recrystallization; Discontinuous dynamic 

recrystallization; Microbands; Texture; Twin related domain; ∑3 regeneration; Crystal plasticity 

finite element method; Cellular automaton; Artificial neural network; Finite element method.    
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A market that instantly reflects all relevant information is the epitome of market efficiency. 

Market efficiency has great ramifications for capital allocation, equally important for both 

corporate managers and investors. No wonder this topic has drawn the interest of scholars from 

diverse domains over the past century. Lately, its assessment at high-frequency has gained 

prominence due to increased tick data accessibility and improved computing power. The 

research is relevant more so because of the rising participation of millennials, who engage in 

short term trading.   

Many approaches have been developed to assess market efficiency. This work has adopted the 

speed of price adjustment to the information approach, using the Theobald and Yallup (2004) 

ARMA estimator. This estimator can assess the efficiency as well as the price patterns of 

underreaction and overreaction. They posit that higher MA orders of this estimator will mitigate 

the adverse effects of thin trading on the estimation of the speed of price adjustment. Since 

smaller stocks are prone to thin trading, they have used size as an instrumental variable for thin 

trading to support this argument. Instead of using an instrumental variable to assess thin trading, 

this study assesses the argument and finds support for it by assessing non-trading time, which is 

a measure of thin trading.   

The Indian market efficiency has been studied extensively. Yet, there is a dearth of studies 

focusing on assessing efficiency at high frequency. This work has assessed the speed of price 

adjustment at a 5-minute return interval for the Nifty 500 index, whose constituents belong to 

varied classes of market capitalisation and industries. The Indian stocks are prone to 

underreaction. Larger stocks assimilate information faster than their smaller counterparts. 

However, no such difference is found for industries.    

This work also includes preliminary results on the developing topic of co-movement in 

efficiency in the same vein of commonality in liquidity. The findings are modest and warrant a 

longer study period and comparative analysis with other high-frequency efficiency estimators.  

The determinants of efficiency, in the context of price patterns, have also been ascertained. 

Generally speaking, high illiquidity is likely to make prices efficient at the intraday level. 

Informed trading and algorithmic trading strongly impact underreaction but not overreaction. 

Interestingly, large stocks are more prone to overreaction than small stocks.    

The asset pricing tests find modest improvement when the speed of price adjustment is added as 

a sixth factor in addition to the market, size, value, momentum, and liquidity factors. 

Furthermore, overreaction is more profitable than underreaction. The analyses of long-only 
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investment strategies show that overreaction is a strongly promising candidate for investment 

products like exchange-traded funds.  

Keywords: Speed of price adjustment; Underreaction; Overreaction; Intraday; Commonality; 

Thin trading; Asset pricing; Indian stock market; NSE; ETF. 
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Capacitive microdevices with comb electrodes are widely used for sensing and actuation based 

applications. The increase in uses of these microdevices demands for higher capacitive sensitivity. 

In this context, the presented research aims to improve the performance of capacitive microdevices 

and explore their applications for vibration energy harvesting. Toward this, a novel design of comb 

electrodes for inertial microdevice is proposed that enhances the capacitive sensitivity. Simulation, 

fabrication, and testing of the proposed design show a sig nificant increase in capacitive sensitivity 

and performance. Apart from this, the microdevices are also susceptible to static electricity 

resulting from an imbalance of electric charges within or the materials’ surface, mainly during 

fabrication, handling, and experimentation. Therefore, the effect of the static charges on the pull-

in voltage of electrostatically actuated microstructures is modeled and studied. The cantilever, 

clamped-clamped, and complementary fixed-free microbeam’s analysis show a decrease in pull-

in voltage and an increase in their displacement with increasing static surface charge density. Next, 

the electrostatic energy harvesters are studied for harvesting vibration energy to power wireless 

sensors. The design guidelines are proposed for the miniaturization of the conventional macro-

sized mechanical structures employed in these harvesters. The proposed guidelines are followed 

to design and fabricate a capacitive microstructure that is interfaced with Bennet’s charge doubler 

circuit for vibration energy harvesting. Over the past few years, triboelectric nanogenerators 

(TENG) that are based on contact-electrification and electrostatic-induction mechanisms are being 

explored to power independent sensor modules. They exploit the triboelectric property of materials 

where charges are accumulated across the material’s surface after repeated contact-separation 

cycles and develop ac voltage. TENG is still in the early stage of research, and its dependence on 

the harvester’s rectifier circuit needs to be further studied. Thus, a Teflon-Polypropylene-based 

TENG is designed and interfaced with a half-wave and full-wave rectifier circuits to analyze its 

performance. These studies will help improve capacitive microdevices’ performance and their 

applications toward vibration energy harvesting. 

Key words: Capacitive microdevices, Microelectromechanical systems, Capacitive sensitivity, 

Silicon-on-Insulator, Static charge, Pull-in voltage, Energy harvester, Bennet charge doubler 

circuit, Triboelectric Nanogenerator, TENG 
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Capacitive microdevices with comb electrodes are widely used for sensing and actuation based 

applications. The increase in uses of these microdevices demands for higher capacitive sensitivity. 

In this context, the presented research aims to improve the performance of capacitive microdevices 

and explore their applications for vibration energy harvesting. Toward this, a novel design of comb 

electrodes for inertial microdevice is proposed that enhances the capacitive sensitivity. Simulation, 

fabrication, and testing of the proposed design show a sig nificant increase in capacitive sensitivity 

and performance. Apart from this, the microdevices are also susceptible to static electricity 

resulting from an imbalance of electric charges within or the materials’ surface, mainly during 

fabrication, handling, and experimentation. Therefore, the effect of the static charges on the pull-

in voltage of electrostatically actuated microstructures is modeled and studied. The cantilever, 

clamped-clamped, and complementary fixed-free microbeam’s analysis show a decrease in pull-

in voltage and an increase in their displacement with increasing static surface charge density. Next, 

the electrostatic energy harvesters are studied for harvesting vibration energy to power wireless 

sensors. The design guidelines are proposed for the miniaturization of the conventional macro-

sized mechanical structures employed in these harvesters. The proposed guidelines are followed 

to design and fabricate a capacitive microstructure that is interfaced with Bennet’s charge doubler 

circuit for vibration energy harvesting. Over the past few years, triboelectric nanogenerators 

(TENG) that are based on contact-electrification and electrostatic-induction mechanisms are being 

explored to power independent sensor modules. They exploit the triboelectric property of materials 

where charges are accumulated across the material’s surface after repeated contact-separation 

cycles and develop ac voltage. TENG is still in the early stage of research, and its dependence on 

the harvester’s rectifier circuit needs to be further studied. Thus, a Teflon-Polypropylene-based 

TENG is designed and interfaced with a half-wave and full-wave rectifier circuits to analyze its 

performance. These studies will help improve capacitive microdevices’ performance and their 

applications toward vibration energy harvesting. 

Key words: Capacitive microdevices, Microelectromechanical systems, Capacitive sensitivity, 

Silicon-on-Insulator, Static charge, Pull-in voltage, Energy harvester, Bennet charge doubler 

circuit, Triboelectric Nanogenerator, TENG 
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Understanding personality traits and group behavior of employees are essential for productivity, 

efficiency and long term health of human resources for any enterprise. Psychologists studying 

enterprises, especially large geographically diverse organizations continuously, is hard to scale. 

Regular surveys become exhausting and domain specific context is harder to capture for outsiders. 

Enterprise social media engagement provides an unobtrusive passive stream of the cognitive state 

of the employees. In this thesis our goal is to computationally mine the same and infer employee 

behavior in an unsupervised manner as obtaining labels run into regulatory and scale issues.  

Our first contribution is mining text processing features that relate to the author’s state of mind 

and topical interests on social media, such as sentiment analysis, named entity extraction and 

linking. We address the challenges due to the noisy nature of social media text. Our second 

contribution is an extension of the dictionary of personality describing words to increase coverage 

of a linguistically diverse data set such as ours, thereby identifying individual personality traits. 

The seed words are derived from well established organizational behavior studies. We find low 

coverage from linguistics alone, so in our third contribution we develop a hierarchical time series 

clustering that groups behaviorally similar employee’s together using only their temporal activity 

in terms of number of posts each month as the input. We define a consistency score as well that 

indicates organizational relevance. In our final contribution we develop a multigraph edge 

attributed node embedding algorithm to identify behaviorally similar groups of employees across 

the organization who may be recommended to each other to increase collaboration and efficiency. 

We present experimental results on four enterprise social network data sets. Among them the 

Enron email data set represents a commercial organization. The StackExchange Q&A and the 

Linux Kernel Mailing List represents open source communities. The Internet Engineering Task 

Force mailing list represents a standard driven organization. 

Key words: Capacitive microdevices, Microelectromechanical systems, Capacitive sensitivity, 

Silicon-on-Insulator, Static charge, Pull-in voltage, Energy harvester, Bennet charge doubler 

circuit, Triboelectric Nanogenerator, TENG 
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The growing demand for water resources exacerbates the worldwide water crisis. It is used in a 

wide variety of industries, from home to industrial, agricultural, and environmental. Water 

resources are a leading indicator of a country's social and economic growth. Population growth, 

industrialization, rapid urbanization, and resource mismanagement have contributed to water 

resource depletion, frequently resulting in water stress and scarcity. Water scarcity, aggravated by 

drought, impacts both surface and groundwater resources. It has a detrimental effect on the amount 

and quality of freshwater, affecting the economy, ecological, socio-cultural, and political spheres. 

The effect of drought causes severe destruction to the urban areas and the current literature on 

drought has not placed sufficient emphasis on urban drought challenges. However, these effects 

can be significantly decreased by developing and implementing effective mitigation techniques 

formulated considering the parameters causing urban drought.  

The present study focuses on India's drought circumstances, as water scarcity continues to increase 

throughout the country, most notably in Maharashtra's Marathwada urban region.  The majority of 

districts in Marathwada are experiencing acute water scarcity as a result of the drying up of one of 

the region's primary water sources, the Dhanegaon dam. It is vital to understand the climatology 

of drought-prone regions and develop an integrated drought management system that incorporates 

climate, water supply-demand and parameters such as precipitation, temperature, soil moisture, 

groundwater levels, reservoir and lake levels. Following the Marathwada water crisis, it has 

become evident that effective water management strategies are required. 

The current study provides a systematic framework for assessing the region's drought 

vulnerability. First, the region is analyzed for the severity and frequency of droughts.This is 

performed by the application of a range of drought indices, including the Standardized 

Precipitation Index (SPI), the Standardized Ground Water Index (SWI), the Palmer Drought 

Severity Index (PDSI), the Temperature Condition Index (TCI), Vegetation Condition Index (VCI) 

and the Vegetation Health Index (VHI). A trend analysis using Mann Kendall's test on SPI reveals 

that a significant part of the Marathwada area is susceptible to drought and is witnessing an 

increasing spatial and temporal trend in drought severity. Later, the study incorporates a system 

dynamics framework to evaluate the urban drought. It demonstrates how the proportion of surface 

and groundwater consumed by agricultural and industrial sectors contributes to the domestic 

sector's demand-supply imbalance. Further, three scenarios for the future water balance were 

established for analyzing proposed government measures for drought management using the 

developed system dynamic model, emphasizing the significance of urban sectors.  Finally, the 

thesis discusses policy and managerial solutions for mitigating the consequences of drought in the 

region based on these scenarios. The scope of this analysis is restricted to the quantity of water 
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supply and demand. Additionally, it can be used in conjunction with the quality of water supply-

demand to develop a better understanding of the urban drought.   
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SPATIAL LOCATION-ALLOCATION MODELING OF PRIMARY 
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The aim of the study is aligned with the primary aim the society, to offer sustainability. Children 

lose a lot of time and energy in their school trips. This is a highly unsustainable practice, 

considering the various health and personalityrelated concerns of the children. Therefore, this 

study develops a methodology for geo-spatial location-allocation modeling for schools in Indian 

cities. A spatial analysis of the existing location of schools was done. It was observed that although 

there were schools in the proximity of children’s residences, they travel very long distances to 

attend a different school of their choice. A gap was identified.  There is no consideration of the 

social dimension of the population in the service provision norms. Therefore, the proposed 

methodology of location-allocation of schools is inclusive of the population’s preferences. 

Demographic groups of parents were identified according to their preference patterns using the 

SERVQUAL framework and logit model. The demographic distribution of the population was 

mapped using proxy variables. New sites for locating schools were identified using the maximal 

coverage location model. The proposed locations offer reduced costs in terms of distance traveled, 

time spent traveling, and the number of resources to be provided. It provides proximity of schools 

not only regarding distance but also convenience and preference of the population. Its efficiency 

is also in respect of environmental benefits and health profits of children. 

Any attempt to identify the gaps in the society and offer solutions for it contributes to the 

betterment of the quality of life. The study identifies a gap that children lose a considerable amount 

of time in their school trips. The reason behind this is also identified: the ignorance of the 

population’s preferences while planning for this infrastructure. The framework developed to assess 

the expectations and perceptions of parents from schools will help the school providers understand 

the satisfaction level of their users. Schools of different categories will be able to customize their 

serviceability. The proposed location-allocation model will help the city planners site the schools 

according to the neighborhood preferences. Most important, it will encourage children for active 

school transportation. 

Keywords: Neighborhood school; Active School Transportation; Location Allocation Model; 

Consumer Preference; SERVQUAL; Spatial Analysis; Cluster analysis   
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The present work focuses on dynamic analysis of parametrically excited microcantilever beam 

used for mass sensing. Microcantilever beams are widely used for mass detection. The change in 

the dynamic properties of the beam due to any additional mass is sensed for the purpose of mass 

detection. In this thesis, the beam is excited for parametric resonance, rather than to resonance by 

direct forcing. Here, parametric excitation is achieved by displacing the base of the cantilever beam 

in the transverse direction with the help of a feedback mechanism. The system studied in this thesis 

is nonlinear. The nonlinear terms appear both in the equation of motion of the moving cantilever 

beam and in the feedback signal generated from the displacement sensor, which is an integral part 

of the system. It is found in the study that the presence of nonlinear terms can enhance the 

performance of the system for mass detection. For better sensing, nonlinearity can even be 

introduced in the feedback path. 

The dynamics of the system has been studied analytically, using the multipletime scales method 

and also using different techniques of numerical analysis. The study has been carried out by 

neglecting the nonlinear terms initially and again by including them. A novel analytical method 

has been proposed to determine the stability boundaries of the parametrically excited linear system. 

An extension of the method is deployed for determining the stability boundaries of the system 

under degenerate parametric excitation. In both the studies, the results obtained through the 

analytical method yielded a very good match with those obtained from Discrete Element Method 

(DEM). The nonlinear response of the cantilever beam has been estimated by the multiple-time 

scales method. The studies have been carried out separately for the system where the nonlinear 

terms are present only in the feedback path and when the terms are present both in the feedback 

loop and within the equation of motion of the cantilever beam. For the former case, the system 

response has also been obtained using DEM. For the latter, on the other hand, a differential 

quadrature method and Galerkin method have been used to find the response numerically. 

A couple of mass sensing strategies have been proposed in the thesis. In the first one, linear 

parametric resonance has been utilized. For this case, observing the power spectrum of the time 

response, it is found that through measuring the shift of Fourier coefficients at higher harmonics, 

sensitivity can be improved up to 3 to 7 times. For another proposed mass detection approach, a 

large slope of amplitude frequency curve has been found helpful. Here, change in amplitude of the 

response is calculated to determine the added mass. Through perturbation and numerical analysis, 

it has been confirmed that the proposed methods can provide better sensitivity in comparison to 

the conventional MEMS resonator-based mass sensing methods. Further, the noise characteristics 

of the parametrically excited system are better compared to the directly excited one. This has been 

confirmed by numerical analysis. 
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Keywords: Neighborhood school; Active School Transportation; Location Allocation Model; 

Consumer Preference; SERVQUAL; Spatial Analysis; Cluster analysis   
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The electrical mode of flow actuation and manipulation has gained considerable research interest 

in recent years because of its wide gamut of applications ranging from the engineering to the 

medical domain. This has led to the emergence of several micro-scale and nano-scale fluidic 

devices, harnessing the interplay of electromechanics and fluid flow over interfacial scales. Several 

of these microfluidic and nanofluidic devices deal with biological fluids possessing complex 

rheological behavior, with an aim to replicate physiological phenomena on engineered biochips 

for disease modeling as well as developing medical diagnostic devices for rapid detection of 

diseases at the point of care. Transport of complex fluids in miniature conduits is also getting 

progressively more relevant in several process industries including but not limited to food 

engineering, chemical processing and oil recovery. These applications clearly exemplify that the 

consideration of fluid rheology is critical towards understanding the underlying functionalities, 

and accordingly, the electrokinetic flow of complex fluids has emerged as a thriving research topic 

in recent times. Despite significant recent advances in the field, however, several critical aspects 

of electrokinetic flow of viscoelastic fluids remain unexplored, which are the central 

considerations of this dissertation.   

 Towards addressing the above, first, a theoretical model is formulated to address the 

electroosmotic transport of viscoelastic fluids in microfluidic channels in the presence of 

interfacial slip, by taking into account the presence of finite-sized ionic species (steric effects). 

Different variants of Phan-Thien-Tanner (PTT) constitutive models for viscoelastic fluid are 

considered, including the linear, quadratic, and exponential kernels. For all these PTT models, 

enhancement in the volumetric flow rate with respect to the Newtonian fluid is observed. Further, 

the volumetric flow rate is observed to follow an inverse relationship with steric factor (depicting 

relative dimension of the individual ions). The presented analytical results are also compared with 

reported experimental findings. Reasonably good agreements in this regard are obtained.   

 Subsequently, a closed-form velocity distribution is derived for electroosmotic flow of two 

immiscible viscoelastic fluids in microfluidic channels by incorporating interfacial depletion layer 

effect. The obtained analytical solutions are compared with in-house experimental results which 

are carried out using different concentrations of aqueous Polyacrylamide solution (PAM). Results 

reveal that by a judicious choice of the concentration of the solution, its pH and ionic strength, 

precise control on the volumetric transport.   

 Augmenting the dispersion of a solute species and fluidic mixing remains a challenging 

proposition in electrically actuated microfluidic devices, primarily due to the inherent plug-like 

nature of the velocity profile under uniform surface charge conditions. While a judicious patterning 

of surface charges may obviate some of the concerning challenges, the consequent improvement 



 

 306 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

in solute dispersion may turn out to be marginal in practice. Since the uniform velocity profile of 

classical electroosmotic flow is challenged for applications like mixing and dispersion, guidelines 

are put forward for harnessing an intricate interplay between the fluid rheology and the coupled 

modulation of electrical and Joule-heating-induced thermal fields in this regard. It is established 

that, in this process, one may achieve massive augmentation in the hydrodynamic dispersion 

without compromising the volumetric flow rate that one would have otherwise obtained under 

uniform velocity profile conditions. Particular emphasis is laid towards capturing the effect of 

electro-thermal perturbations on the hydrodynamic dispersion having modulated interfacial 

charges, under the surface and volumetric heat transfer.  

 Following the foundations of possible augmentation in solute dispersion in electroosmotic flows 

due to the transport of rheologically complex fluids such as viscoelastic fluids, the effect of an 

externally imposed thermal gradient is brought out subsequently towards realizing giant 

augmentation in dispersion for the electrokinetic flow of viscoelastic fluids. This is effectively 

mediated by breaking the equilibrium of the charge distribution within the electrical double layer 

upon imposed thermal gradient, subsequent modulation in thermo-physical properties, and 

eventual alterations in the fluid motion. The charge redistribution upon the applied thermal 

gradient, subsequent perturbation on the fluid motion, and its implications on the hydrodynamic 

dispersion are studied in details for Newtonian as well as viscoelastic fluids. The interplay between 

thermal and electrical effects, coupled with fluid rheology, is shown to result in an order of 

magnitude enhancement in the dispersion coefficient in a pressure-driven flow of an electrolyte. 

Combined with the rheological premises of a viscoelastic fluid that are typically reminiscent of 

common complex fluids handled in lab-on-a-chip-based micro-devices, these results demonstrate 

that the consequent electro-hydrodynamic forcing may open up favourable windows for 

augmented hydrodynamic dispersion.  

 Subsequently, electroosmotic flow of viscoelastic fluids in deformable microchannels under axial 

modulations in the surface potential and interfacial slip is investigated. Considering the substrate 

ionization process typical to practical microfluidic scenarios, a theoretical framework is presented 

towards analysing the same where the influence of the coupling between electro-mechanics, 

hydrodynamics, elasto-mechanics, and solution chemistry becomes imperative towards 

influencing the load bearing capacity of the deformable conduit. Results reveal that by tuning 

parameters like modulus of elasticity of the channel walls, electrolyte concentration, pH, 

asymmetry in slip, the load bearing capacity may be augmented considerably irrespective of the 

rheology of the fluid. With the effect of slip length being trivially implicating but offering limited 

scopes in terms of its practical variabilities, the substrate elasticity, solution concentration, and 

asymmetry factors are shown to offer alternative means for enhancing the load bearing capacity 

even for lower slip lengths. For viscoelastic fluids, the proposition of a further enhancement in the 

load bearing capacity opens up by operating in favourable parametric regimes of the polymer 

concentration, molecular weight, and the specific Newtonian solvent, using common polymeric 

solutions as representative flow media. These results may turn out to be significant towards 

designing lubricated electro-chemical systems for in-vitro analytics of physiological flows, where 

the deformable nature of the fluidic conduit acts as a natural consideration to probe the underlying 

mechanisms including disease modelling and studying the efficacy of drug delivery.  
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 Findings of the different problems investigated in this work are likely to offer new insights in the 

understanding of electrokinetic flows of viscoelastic fluids, bearing significant implications in 

process industries and biomedical technologies. Further scopes of advancement include probing 

the role of viscoelastic rheology towards augmented energy conversion in charge modulated 

surfaces, realizing augmented electrokinetic energy conversion in a super-imposed fluidic 

configuration by employing an external temperature gradient and offering patient-specific insights 

as well as advancing disease models based on microvascular physiology considering exclusive 

rheological implications of blood as a complex constitutive fluid in the presence of a charged 

endothelial glycocalyx layer interface in the blood vessels.   

Keywords: Electrokinetics, Electroosmosis, Viscoelastic Fluid, Dispersion Coefficient.    
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The advent of Internet of Things (IoT) has enhanced the coexistence of end-users with both the 

digital and physical spaces, even in constrained environments. These IoT devices vary in size and 

con guration (based on requirement) and their evolution is only limited by imagination. 

Researchers are invested in lowering the cost of the devices and their miniaturization without 

leveraging the quality of service. However, the reduction of cost and size of the devices a ects its 

con guration (processor, storage, and battery power), which reduces performance.  

To overcome the aforementioned issues, IoT devices typically depend on external platforms such 

as cloud/fog/edge. The fog and edge computing platforms bring computation resources closer to 

where the data is being generated. It is also bene cial to enable the devices to interact with one 

another and collaboratively execute a common task (as multi-agent systems), especially in the 

absence of lastmile connectivity. Thus, the orchestration among the IoT devices is necessary.  

This thesis proposes a suite of solutions for addressing the issues of computation o oading, routing, 

facilitating FaaS, enabling storage on resource-constrained devices, and nally securing 

communications between the devices. The crux of the thesis is to propose solutions for a collection 

of resource-constrained IoT devices for deciding whether to o oad the tasks to one of the external 

platforms or not. In the case of o oading, then to which device and selection of the optimal path 

for transmission, along with determining the data formats along with securing the ow rules. 

Additionally, it also covers the development of a distributed system (analogous to blockchain) for 

hosting necessary functions for easy access by the devices and provides a solution for supporting 

a dynamic mechanism for secured communications. Through a combination of extensive 

simulations and real-world experiments, we demonstrate the seamless feasibility of the proposed 

solutions on resource-constrained devices with minimal delay and power consumption.  

Keywords: Wireless Networks, Internet of Things, Resource Orchestration, Connectivity, 

Distributed Networks 
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The current energy demands continuously lead us to the quest of developing alternative energy sources to 

compete with the depleting fossil fuel reserves. In the contemporary world, microalgal biomass is regarded 

as a sustainable energy feedstock for the future. However, low biomass concentration and metabolite 

accumulation results in low biofuel yield, coupled with high harvesting cost limits the application of 

microalgae for biofuel production. The present study encompasses on developing a suitable harvesting 

process for Chlamydomonas reinhardtii for biofuel production under a biorefinery approach. Initially, the 

biomass and carbohydrate productivity of C. reinhardtii UTEX 90 and CC 2656 were enhanced by 

optimizing the physico-chemical parameters at: pH 6.5 & 7.0, incubation temperature 30 °C, initial acetate 

and ammonium chloride concentration of 1.56 g L −1 and 100 mg L −1 & 200 mg L −1 , respectively. 

Under the optimized operational condition, biomass and carbohydrate productivity of C. reinhardtii UTEX 

90 and CC 2656 were 512 mg L −1 d −1 & 266.24 mg L −1 d −1 and 364 mg L −1 d −1 & 163.80 mg L −1 

d −1 , with CO2 sequestration of 113 mg L −1 d −1 and 74.95 mg L −1 d −1 , respectively. Different 

flocculation techniques were studied for harvesting C. reinhardtii. More than 90% flocculation efficiency 

was obtained during electroflocculation with stainless steel electrodes within 0.25 h when inter electrode 

distance and electrical voltage applied across the electrodes were 4 cm and 14 V, respectively. The 

bioethanol & biodiesel yields were 0.48 g (gsoluble carbohydrate) -1 & 0.36 g (glipid) -1 and 0.45 g 

(gsoluble carbohydrate) -1 & 0.33 g (glipid)-1 , for C. reinhardtii UTEX 90 and CC 2656, respectively 

when the biomass harvested after electroflocculation was used for biofuel production. It was further scaled 

up for in situ biomass harvesting in a 25 L airlift photobioreactor with 6% improvement in biofuel 

production, elucidating the favourable effect of the process. Further, the harvested biomass was used for 

biofuel production under a biorefinery approach. First, the pigments from the biomass were extracted 

followed by biodiesel production using the depigmented biomass. The depigmented and defatted 

carbohydrate rich biomass was considered as raw material for bioethanol production using Saccharomyces 

cerevisiae INVSC-1. To improve the viability of the process, the spent media after ethanol fermentation 

was used for methane production using mixed microbial consortium. The pigment content, biodiesel, 

bioethanol and biomethane yield for C. reinhardtii UTEX 90 and CC 2656 were 20.49 ± 1.03 µg ml-1 , 0.38 

± 0.02 gbiodiesel (glipid) -1 , 0.51 g g(soluble carbohydrate) −1 & 112.96mL (gTS) -1 and 14.47 ± 0.72 µg 

ml-1 , 0.34 ± 0.02 gbiodiesel (glipid) -1 , 0.50 g g−1 & 120.56 mL (gTS) -1 , respectively. The solid 

digestate obtained was further characterized and found to be suitable for bio-manure in terms of its NPK 

value. When the effluent was recycled at 60% (v v-1 ) with TAP- media, the microalgal concentration 

reached 1.5 ± 0.08 g L -1 and 1.4 ± 0.07 g L -1 for UTEX 90 and CC 2656 with a corresponding calorific 

value of 14.62 MJ kg-1 and 13.9 MJ kg-1 . The total substrate energy recovery from the process when in 

situ electroflocculation was considered for microalgal harvesting was 65.41 % for C. reinhardtii UTEX 90 

and 59.89 % C. reinhardtii CC 2656. Life cycle analysis was carried out to evaluate the environmental 

effect of the overall process. Microalgal cultivation and biodiesel production were identified as the hotspots. 

Sensitivity analysis of the process revealed that replacing the input energy with renewable energy can help 

to reduce the environmental impact. Therefore, the present study concedes with the potentiality of 
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microalgae as a favourable 3rd generation feedstock to address the existing challenges of clean energy 

production with concomitant CO2 sequestration. 

 Keywords: Chlamydomonas reinhardtii, parameter optimization, carbon dioxide sequestration, microalgal 

harvesting, in-situ electroflocculation, biorefinery, pigment extraction, biodiesel, bioethanol, bio methane, 

biomanure, energy recovery, life cycle assessment   
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The aim of this thesis work to develop and investigate the performance efficiency of the indigenous 

bacterial consortium to mitigate the petroleum hydrocarbon pollutants of the industrial petroleum 

sludge. Four hydrocarbon degrading potential bacteria have been isolated by enrichment technique 

from petroleum refinery sludge of Indian Oil Corporation Ltd. Haldia, West Bengal, India, and 

identified as Dietzia lutea IRB191, Dietzia lutea IRB192, Staphylococcus warneri BSM19, and 

Stenotrophomonas pavanii IRB19. The degradation of total petroleum hydrocarbon (TPH) of 

petroleum refinery sludge was in the range of 58-65% individually in laboratory-scale mineral salt 

medium within 28 days of incubation. To enhance the degradation of the TPH, a bacterial 

consortium was developed, which resulted in 77.3% of degradation under optimized laboratory 

conditions of pH, temperature, and concentration of petroleum sludge 7, 34 ℃, and 2% (w/v), 

respectively, within 15 days of incubation. Further, a novel two-step bioaugmentation strategy was 

implemented, which contributed 91.5% of TPH degradation resulting 18.4% higher efficiency than 

the single-step bioaugmentation process (77.3%). This bioaugmentation strategy was first reported 

till date on hydrocarbon degradation. The implementation of a concomitant 

bioaugmentationbiostimulation strategy involving the indigenously developed bacterial 

consortium and poultry litter extract showed the best performance by mitigating the TPH up to 

90.3 ± 3.7% in 21 days. Finally, the laboratory microcosm study revealed that the combinatorial 

approach of bioaugmentation and biostimulation with poultry waste was evidenced to be an 

efficient strategy for TPH degradation. Thus, this combinatorial approach proved to be more 

efficient in degrading TPH in an eco-friendly manner and hence, may pave the way for better 

management of petroleum hydrocarbon pollutants while providing a sustainable solution to the 

disposal of poultry wastes. Considering scanty information on the application of poultry waste as 

an amendment for TPH degradation, this thesis would surely contribute to the scientific society 

and research group of petroleum hydrocarbon degradation.  

Keywords: Industrial petroleum sludge; Total petroleum hydrocarbon; hydrocarbon degrading 

bacteria; Bacterial consortium; Biodegradation; Bioaugmentation; Biostimulation; Two-step 

bioaugmentation strategy; Nutrient amendment; Bioremediation   
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The current inclination towards the popularity of plant-based protein and increasing cost of animal-

derived protein has indicated an escalating demand of new sources of „sustainable protein-rich 

biomass‟ that can be used as alternative protein sources. To address this crucial issue the 

researchers are engaged to develop a sustainable technology by exploring alternative food 

resources which can successfully eliminate world food crisis. Wastes obtained from distillery 

industries are gaining importance because of its high protein content. In India, about 38000 million 

L distillery sludge is generated causing adverse effect on ecosystem.    

An innovative, sustainable, cost-effective, „green technology-based‟ approach has been proposed 

in this study for the production, purification and characterization of protein in order to formulate 

nutritionally enriched food. A good synergistic effect is recorded by applying ultrasonication 

assisted-enzymatic hydrolysis (UAEH) of protein from rice distillers dried grain with solubles 

(DDGS). To evaluate the optimal conditions for ultrasonic extraction, optimization studies i.e. 

Box-Behnken Design (BBD) based Response Surface Methodology (RSM) was studied. Under 

the optimum conditions viz. amplitude 97 %, 10 % (w/v) of solid loading and extraction time of 

18 min resulted in maximum protein extraction and degree of hydrolysis (DH) i.e., 66.12  

% and 6.32 %, respectively. The highest protein yield and DH % were recorded at a protease 

concentration of 1.5:50 g/g. A significant amount of glutelin (49.03 %) and prolamin (19.04 %) 

were fractionated by Osborne procedure. Sodium dodecyl sulphate–polyacrylamide gel 

electrophoresis (SDS-PAGE) demonstrated 2 distinctive bands of molecular weight of 32.2 and 

80.7 kDa, which is matching very close to the bands present in the prolamin and glutelin fraction.  

Based on the purification study, it can be inferred that the extracted DDGS protein isolates 

(DDGSPI) has a glutelin component. The nutritional and functional properties of DDGS was 

evaluated which was found at par with commercial proteins, suggesting its utilization in food/feed 

formulation. Thus, a feeding trial was conducted to investigate the effects of replacing commercial 

fish feed (CFF) with DDGS protein in Nile tilapia (Oreochromis niloticus) diets. Overall, the 

results indicates that rice DDGS is a potent replacement of CFF without compromising growth 

performance and haemato-biochemistry of fish. 

Keywords: Distillery byproducts, DDGS, Amino acid, Glutelin, Optimization, Functional 

property 
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The demand for cellulose is increasing owing to its desirable properties such as biodegradability, 

affordability, availability, manufacturing technologies, recyclability and eco-friendly. This 

demand will continue to scale up in the forthcoming years as cellulose has the potential to replace 

petroleum-based products for sustainability, and cost effectiveness. This process stimulates 

research and technological development, resulting in a set of innovativeness in value-added 

products. Several fundamental properties of cellulose make it very attractive in growing industries 

and suitable for various applications. Bacterial cellulose is gaining attention due to its purity and 

promising applications in many industries such as biomedical, food, cosmetics, tissue engineering, 

electronics, packaging industries, food additives, paper products, and biomedical devices because 

of its exclusivity of being a better bio-compatible coating agent, binding material, etc. It could be 

produced by certain species of bacteria and is also very conductive due to its unique properties, 

like good biocompatibility, excellent mechanical properties, a high degree of polymerization, and 

biodegradability.    

In the present study, a unique bacterium, Leifsonia soli has been isolated from rotten fruit wastes. 

Identification studies of the isolated bacterium have been done with phylogenetic analysis by 16S 

rDNA gene sequencing. Morphological and biochemical characterization of the bacterium has also 

been done. This bacterium produced cellulose extracellular when cultured in appropriate culture 

medium. Amongst all the parameters used for optimizing the bacterial cellulose production, 

maltose, soy whey, and calcium chloride had an intense effect in enhancing its synthesis from the 

bacteria. The isolated strain, Leifsonia soli yielded maximum of 5.97 g/L of cellulose at optimal 

growth conditions of pH 6.5, 30 °C under 7 days of the incubation period.    

In addition, all selected parameters were optimized through ANOVA-based response surface 

methodology. Along with that, impacts of carbon/nitrogen ratios on the production of bacterial 

cellulose in static cultivation of Leifsonia soli were examined by using central composite design 

and response surface analysis. Amongst selected sources, soy-whey and maltose were found to be 

favorable for BC production. The C/N-ratio of 9:1 stimulated the propagation of bacteria. 

Additionally, bacterial cellulose characterization was In addition, all selected parameters were 

optimized through ANOVA-based response surface methodology. Along with that, impacts of 

carbon/nitrogen ratios on the production of bacterial cellulose in static cultivation of Leifsonia soli 

were examined by using central composite design and response surface analysis. Amongst selected 

sources, soy-whey and maltose were found to be favorable for BC production. The C/N-ratio of 

9:1 stimulated the propagation of bacteria. Additionally, bacterial cellulose characterization was 

A novel study has been done which is based on the concepts of kinetics and morphology of 
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produced cellulose by the Leifsonia soli. With the help of atomic force microscopy and field 

emission scanning electron microscopy, it has been observed that the cellulose layer formation in 

the culture flask was increasing up to the 7th day of incubation. Further, the semi-crystalline nature 

of cellulose has been found through an x-ray diffraction technique and it revealed that the structure 

of cellulose was allomorph of Ia and Ib. Additionally, the growth kinetics of bacteria was also co-

related to cellulose production. Further, the purity of obtained cellulose was examined by 

elemental analysis where it was observed that the sample holds the value of carbon 44.1 ± 0.20 % 

and hydrogen 6.2 ± 0.3 %, respectively. In addition, the calculated water-holding capacity of the 

sample was found to be 73 %.    

Two distinct applications have been done from the obtained cellulose, both of which are very eco-

friendly and sustainable. It has been seen that obtained bacterial cellulose has a profound role in 

the production of bioethanol 10.83 % (v/v) concentration when the scarification conditions were 

kept as 10 h and fermentation with Saccharomyces cerevisiae for 24 h. In addition, a BC-based 

film was prepared using a combination of sodium alginate, glycerol, and gallic acid, and 

characterization studies were performed on the obtained film. The results are quite promising for 

its greater applications in food packaging and biotechnological sector.    

Keywords: 16S rDNA gene sequencing, soy-whey, C/N ratio, bioethanol, AFM, growth kinetic, 

BC based film 
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FOR EARLY NEOPROTEROZOIC ACCRETION OF TWO 

PROTEROZOIC OROGENS  
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Supervisors: Prof. Abhijit Bhattacharya and Prof. Subhasish Das 
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Accession No.: NB17459 

 

Two Proterozoic orogens, e.g. the N/NNE-striking Aravalli Delhi Fold Belt (ADFB) and the E-

striking Central Indian Tectonic Zone (CITZ) converge at the Godhra-Chhota Udepur (GC) sector. 

In this study, the results of analyses of mesoscale structures, LAICP-MS U-Pb zircon and EPMA 

monazite chemical dating, whole rock major and trace element geochemistry, bulk rock Sr-Nd 

isotope ratios and metamorphic phase equilibria calculations in high-grade anatectic gneisses, 

foliated granitoids and allochthonous lowgrade supracrustal rocks demonstrate that the sector is 

the zone of Early Neoproterozoic accretion between ADFB and CITZ orogens.   

The convergence associated with N-S shortening involved south-directed overthrusting (D2) 

followed by wrench-dominated deformation (D3) that induced nucleation of steep-dipping, left-

lateral transpressional shear zones that truncated thrust-related structures. Emplacement of 

0.95−0.93 Ga post-D2 to syn-D3 granitoids is contemporaneous with the accretion. The weakly-

peraluminous granitoids having LREEenriched, moderately-fractionated REE patterns, variable 

negative Eu anomalies and whole rock values of 87Sr/86Sr (0.7185−0.7910) and εNd(0) (-23.9 to 

-31.2) are derived from sedimentary (dominantly meta-greywacke) precursors.  

 In South-GC, U-Pb zircon in the CITZ gneisses yields upper intercept/Concordia dates at 1.65‒

1.60 Ga for pre-D2 granulite facies metamorphism along a clockwise P-T path. The lower 

intercept/Concordia dates coincide with the emplacement of the 0.95‒0.93 Ga granitoids. By 

contrast, the Early Neoproterozoic (~0.95 Ga) chlorite + phengite (Si up to 3.25 apfu) schists in 

the supracrustal unit in the overthrust zone, intruded by the granitoids, evolved along a high-P, 

low-T clockwise path with peak P-T conditions at 10‒12 kbar, 450‒550 °C, and decompression 

manifested by syn-to post-D3 phengite-poor micas (Si up to 3.05 apfu).  

The pre-D2 granitoids in North-GC yield Late Neoarchean (2.5Ga) Concordia/upper intercept 

emplacement ages, identical to the emplacement age of the Archean granites in the ADFB; the 

lower intercept/Concordia age is 0.95‒0.93 Ga. The 2.5 Ga granites did not experience the 1.65‒

1.60 Ga high-grade metamorphism in the basement gneisses, but both the lithodemic units shared 

the 0.95‒0.93 Ga deformation, metamorphism granitoid emplacement events. At 1.03‒0.93 Ga the 

accretion of the ~2.5 Ga ADFB granitoids and the 1.65‒1.60 Ga CITZ gneisses occurred; the 

accretion possibly involved a reversal in the polarity of subduction from N-directed to S-directed. 

[350 words]   

Keywords: Aravalli-Delhi Fold Belt, ADFB; Central Indian Tectonic Zone, CITZ; Archean 

foliated granites; anatectic Paleoproterozoic gneisses; high-T, low-P granulite facies 
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metamorphism; allochthonous supracrustal rocks; low-T, high-P metamorphism; Early 

Neoproterozoic accretion, syn-collisional granitoids 
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Tungsten (W) is a strategic metal with many applications, including energy storage, electrode 

material, abrasives, industrial catalyst, and penetrating projectiles. W deposits are also enriched in 

other critical metals such as Li, Rb, Cs, Sc, Nb, and Ta, critical elements for sustainable energy 

production. Understanding the nature and the source of the ore fluid and the controls on their 

transport, mobilization, and mineralization is desirable to aid exploration work. In the Aravalli-

Delhi Belt of western India, Proterozoic granite magmatism and associated large-scale 

hydrothermal activity have given rise to three W deposits/mineralization at Balda, Motiya, and 

Degana and a wollastonite deposit at Belka Pahar. In this study, the major, trace element and B, 

Li isotopic composition of tourmaline, zinnwaldite, and wolframite are used to constrain the nature 

of the W-bearing hydrothermal fluid and the processes involved in the precipitation of wolframite. 

Tourmaline from the Balda and Motiya W-prospect are of schorl composition, have high alkali 

and low Ca contents and moderate X-site vacancies. The high V/Sc ratios of tourmalines in the 

mineralized veins and wall-rock tourmalinites indicate an essential role of biotite dissolution and 

fluid-rock interaction that contributed Fe-Mn for the precipitation of tourmaline and wolframite. 

The B isotope variation in the granite-pegmatite-vein system can be explained by fluid exsolution 

with the mineralized vein forming from exsolved fluid and topazbearing granites and pegmatites 

crystallizing from residual melts. The δ11B of the mineralizing fluid is estimated to be ca. – 7.4 

‰ at Balda and ca. – 7.6 ‰ at Motiya, and were possibly derived from S type-granites, consistent 

with extensive tourmalinization and muscovitization of wall rocks, and high concentration of 

elements such as F, Li, B, Sn, Mn in the tourmaline and the reconstructed fluid. The W bearing 

fluid was primarily derived from a fractionated granitic source, and precipitation of wolframite 

and tourmaline involved interaction of the hydrothermal fluid with the surrounding pelitic schists. 

At Degana, a high concentration of Li, Rb, Cs, Nb, Ta in zinnwaldite, a Li, Rb rich mica, and the 

reconstructed fluid, suggest that the ore fluid was sourced from a late fractionated magma. The Li 

isotopic composition of the ore fluid is estimated to be +14 to +19 ‰, significantly heavier 

compared to average granite composition (−5 to + 7‰) and the upper and middle continental crust 

and can be best explained by fluid exsolution from highly enriched, late fractionated granite melt, 

consistent with the high concentration of incompatible elements in zinnwaldite. Alteration of the 

host granite, formation of greisen, large-scale albitization, and muscovitization are indicative of 

fluid-rock interaction. The change in chemical and Li isotope composition from early mica to late 

altered mica in the greisen indicates prolonged interaction of the hydrothermal fluid with the host 

rocks. In the Belka Pahar wollastonite skarn deposit, garnet and scheelite chemistry is used to 

characterize the changes in the composition of the fluid with the progress of the fluid-rock 
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interaction. Two types of garnet are recognized in the Belka Pahar skarn rocks: prograde garnet 

(Grt1) and retrograde oscillatory-zoned Grt2, which is further sub-divided into three generations 

Grt2a, Grt2b and Grt2c. The Grt1 (And27–47) and Grt2a (And50–60) yield high Y-concentration 

and high HREE/LREE ratio which is in stark contrast to the late-retrograde Grt2b (And40-50) and 

Grt2c (And27–40), which are characterized by high F, low Y concentration, and HREE depleted 

REE pattern. The chemistry of different generations of garnet suggests a shift in pH conditions of 

the fluid from neutral to acidic to less acidic conditions. The crystallization of F-rich garnet, 

vesuvianite, and fluorite indicate an increase in F-concentration in the later-stage fluid. Increase 

of W concentration in Grt2b and co-precipitation of scheelite and fluorite also suggests its possible 

link with scheelite precipitation. The high grossular component in the Grt2b and Grt2c suggest 

transport of Al in the hydrothermal fluid as F-complexes. Composition of the fluid extrapolated 

from the scheelite composition agrees with the LREE enriched pattern exhibited by all skarn 

minerals. Principal Component Analysis done on a compiled garnet dataset shows that the trace 

element composition of garnet can be a useful indicator of fluid composition and can be used as 

an indicator of associated ore type.  

Keywords: granite, hydrothermal fluid, tungsten, fluid exsolution, fluid-rock interaction, 

tourmaline, zinnwaldite, garnet, wolframite, scheelit 
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Dispersions of nano-sized (<100 nm ) particles in fluids like watrer (W) and ethylene glycol(EG) are 

termed as nanofluids. They often exhibit improved heat transfer characteristics. During the synthesis of 

nanofluids, obtaining a uniform dispersion of nanoparticles and avoiding the formation of aggregates is 

very important. Among the various methods used for de-agglomeration, including the addition of 

surfactant, pH control, etc., the most effective and widely used one is sonication. This work studies the 

influence of different sonication periods on the dispersion characteristics, thermal conductivity and 

viscosity of Al2O3 dispersed aqueous nanofluids. In addition, investigations are undertaken on the 

thermo-physical characterization of two kinds of nanofluids, namely boron nitride (h-BN) dispersed and 

hybrid carbon black – BN (CB – BN) dispersed nanofluids using different base fluids like EG, EG/W 

mixture, and water. The synthesized nanofluids are characterized using various techniques viz., X-ray 

diffraction (XRD), Transmission electron microscopy (TEM), dynamic light scattering (DLS), Fourier 

Transform Infrared (FT-IR) spectroscopy, zeta potential measurements, and viscometer. 

Aqueous Al2O3 nanofluids with 0.5 to 2 vol. % particle loadings are prepared by subjecting it to varying 

extents of the sonication. Based on the thermal conductivity results measured by the transient hot-wire 

method, a maximum increase of 16.1% in thermal conductivity of 2 vol. % Al2O3 nanofluids is observed 

at an optimum sonication period of 2 h, which begins to deteriorate with further sonication. The optimum 

sonication duration for attaining the maximum thermal conductivity enhancement shows a rise with 

increasing particle concentration. TEM analysis and DLS results reveal the presence of re-agglomeration 

beyond the optimum sonication period, which is in agreement with present viscosity measurements. The 

decline in thermal conductivity is related to the occurrence of re-agglomeration, which can be attributed 

to the convective flow associated with the sonication process. 

The thermal and rheological characteristics of pure EG and EG/W with vol. ratio = 40/60 and 60/40 based 

h-BN nanofluids are measured for different volumes % (0.5 – 3 vol. % of h-BN loading) in the 

temperature range of 30-60°C. The thermal conductivity of h-BN nanofluids is found to increase with the 

particle concentration. Maximum thermal conductivity enhancement of 15.5%, 12.5%, and 13% are 

obtained for 3 vol. % h-BN loading in EG, EG/W 40/60, and EG/W 60/40 based nanofluid, respectively. 

Interestingly, the thermal conductivity enhancement here exhibits a temperature-independent nature. 

From the study, it emerges that the fluid behavior changes from shear-thinning nature at lower shear rates 

to Newtonian at higher shear rates irrespective of temperature and particle concentration. In terms of 

viscosity, a minimum rise is observed for EG/W 60/40 based h-BN nanofluids, while EG based h-BN 

nanofluids showed the highest increase. 

Water-based hybrid nanofluids, containing suspensions of CBBN (vol. ratio =50:50) nanoparticles, are 

synthesized by adding a blend of CB and BN particles to water through stirring and sonication. Thermal 

conductivity of CBBN hybrid nanofluids measured by transient plane source method exhibit an 

enhancement of 21.5% at 2 vol. % particle loading in comparison to that of water. From rheological 

study, the transition of the Newtonian nature of base fluid (water) to a non-Newtonian (dilatant behavior) 
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with the addition of hybrid CB – BN nanoparticles is revealed. The viscosity of CB-BN nanofluid also 

shows an increase with the increasing concentration of CBBN particle loading. 

 Keywords: Nanofluids; Thermal conductivity; Viscosity; Sonication; Ethylene glycolwater mixture; 

Non-Newtonian nature  
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Air cargo has become an indispensable part of the global economy holding an important niche in 

the transport high-valued commodities. With increasing globalization, the air cargo industry has 

continued to serve as a key facilitator of world trade and has doubled in volume from past few 

decades. Airlines are challenged to manage their air cargo operations efficiently by developing 

strategic operation plans that allow these airlines to promptly adapt and respond to changes in the 

global competitive environment. In response to such challenges, an increasing amount of 

theoretical research has been conducted to address the problems in air cargo operations since the 

1990s. However, most real-world problems in particular, remain unsatisfactorily solved, partly 

because of the complexities of air cargo operations.   

Optimising total cost in air cargo management is considered as a major concern due to challenging 

and competitive scenario in logistics industry which has been growing rapidly caused by 

technological advancements and speed of internationalization. To mitigate the complexity of the 

cargo industry as there are multiple players involved, air freight forwarders need to integrate and 

consolidate the shipment efficiently to gain the competitive advantage in the market which leads 

to substantial amount of cost savings. In the first stage, we have considered a freight forwarder 

service problem by optimising the total shipping cost including inventory, processing, and 

transportation cost along with other miscellaneous costs such as trucking, storing, shipment 

planning, etc. by satisfying the constraints related to perishability, capacity, and reduced carbon 

emission. A mathematical model is developed for effective cargo handling to minimize the total 

cost incurred while transporting goods via air cargo. To capture the key characteristics such as 

integration and consolidation of shipments, the delivery time of goods, scheduled time, volume/ 

weight of shipments, container temperature balance, emission reduction, the problem is solved 

using two variants of the evolutionary algorithm. For the dataset optimality has been validated 

using an exact method and sensitivity analysis is carried out to assist the impact of the number of 

shipments, agents, and destinations. Finally, a few managerial insights are drawn to discuss the 

benefits of this model in optimising cost.  

The air cargo industry constantly witnessing revenue management problems where cargo booking 

management, profit maximization, and capacity utilization are considered crucial decision-making 

measures. In the third stage we focused on the cargo booking problem where the enterprise has to 

decide on accepting or rejecting a booking request to save capacity for a potential future request 

involving more profit. We suggest decision-making strategies to find a reliable way of calculating 

maximum profit and the corresponding booking requests that should be accepted, given the 

remaining belly capacity of a cargo vehicle. To simulate a realistic environment, we set up finite 

time steps when booking requests are generated based on a stochastic control method and 
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accumulate them till the end of time steps. Further, we map the data to the Vehicle Routing 

Problem (VRP) with capacity constraints and obtain the objective value like minimum distance to 

fulfill accepted requests in a computationally challenging environment. Based on the data 

obtained, supervised machine learning (ML) models are trained with the output of VRP as target 

input along with relevant features to solve the booking control problem. Additionally, two novel 

methodologies are proposed aiming to maximize the profit generated for a given scenario. 

Weighted memory (Weigmem), a reinforcement learning based algorithm is crafted using best-

trained ML models for determining a set of decision vectors that is particular to a type of request 

that conveys the acceptance or rejection information of cargo requests based on selecting the best 

policies. Further, we proposed another algorithm Linear Neural Network Approximation (LiNNA) 

for profit maximization.    

In a nutshell, this research mainly focuses on identifying several significant gaps on various issues 

of air cargo operations and our study envisions providing real time operational systems or decision 

support systems using data-driven solution approaches.   

Keywords: Air cargo, Logistics management, heuristics, Machine Learning, Reinforcement 

Learning, Sustainable Freight transport, Risk Assessment, Revenue Management    
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ZnO, exhibiting unique properties, has generated tremendous interest owing to its potential 

applications in optoelectronics, sensing, and energy devices. Heterojunctions with other 

semiconductors as well as the utilization of its intrinsic piezoelectric properties have a significant 

effect on the optoelectronic attributes of ZnO. In this dissertation, ZnO thin films and 

nanostructures based hybrid heterojunctions have been exploited for the fabrication of efficient 

optoelectronic devices, where the device performance has further been improved through the 

fundamental piezo-phototronic effect.   

Boron-carbonitride (BxCyNz) nanosheets comprising of B-doped graphitic carbon nitride (g-

C3N4), as well as C-doped hexagonal boron nitride (h-BN), have been synthesized, demonstrating 

their potential applications in light emitting devices. The ternary nanosheets exhibit unique 

negative thermal quenching characteristics in photoluminescence emission which has been 

exploited for fabricating light emitting diodes (LEDs) based on 2D/1D heterojunction of BxCyNz 

nanosheets/ZnO nanorods displaying broadband white light emission at a much lower turn-on 

voltage of ~ 3 V.  

The piezo-phototronic effect induced enhanced visible photoresponse under self-bias conditions 

utilizing ZnO nanorods/SnO nanosheets-PEDOT:PSS based bulk heterojunctions has been 

demonstrated. Upon the application of a compressive force (~ 2 mN), the photocurrent is found to 

be enhanced by ~ 55 times under zero bias, revealing the carrier flow modulation in a strained 

condition. An enhanced visible photoresponse from CdS/ZnO heterojunction attached with 

plasmonic Au nanoparticles loaded 2Dgraphitic carbon nitride (g-C3N4) has also been attained 

through the piezo-phototronic effect. Under the application of a compressive strain (~ -0.017%), 

the device exhibits ~ 102 times higher photoresponse over the control sample at a constant bias of 

~ 2V.  

A self-powered broadband photodetector utilizing cubic phase CsPbI3 nanocrystals (NCs) and 

ZnO thin film has been demonstrated. By introducing a ~ -0.042% compressive strain, carrier-

dynamics modulation at the local junctions can be induced by the negative piezoelectric 

polarization and the remarkably enhanced visible photoresponse characteristics has been achieved. 

Furthermore, CsPbBr3-xIx (x=0-3) NCs and ZnO thin film based white LEDs on a flexible 

platform have been fabricated exhibiting a broad (~ 350 to 700 nm) electroluminescence (EL) 

emission features at an ambient (humidity ~ 50-55%) condition with comparatively lower forward 

bias (Vth ~ 2V). Finally, a significant enhancement (~ 75%) of EL intensity has been attained by 

applying an external stress owing to the piezoelectric properties of ZnO films. 
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 Keywords: ZnO, thin film, nanostructures, hybrid heterojunction, photodetector, light emitting 

diode, electroluminescence, piezo-phototronic effect 
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This thesis presents a numerical study on electrokinetic transport of colloidal particles through 

electrolyte medium and motion of Newtonian or non-Newtonian viscoplastic ionic liquids through 

nanopore. Dispersion of the spherical soft or rigid colloids driven by the external electric field or 

gravitational force is analyzed numerically. We have studied the electroosmotic flow and ion 

transport through a nanotube of a non-Newtonian viscoplastic fluid. Generation of the streaming 

field and energy conversion through pressure driven flow of ionized liquid in a polyelectrolyte 

coated slit channel is also addressed in the present thesis. The mathematical models are based on 

the conservation principle, which leads to the coupled set of Navier-Stokes-Poisson-Nernst-Planck 

equations. The Brinkman extended Navier-Stokes equation is used to formulate the flow through 

porous region. The Nernst-Planck equation for ion transport is modified to take into account the 

ion steric interactions due to a finite ion size and the Born energy difference arise due to the 

difference in dielectric permittivity of the medium. The simplified asymptotic model for certain 

limiting cases under a weak applied electric field and low charge density consideration is also 

derived. The Thesis consists of four main Chapters 2-5 along with an introductory Chapter 1 and 

a Chapter 6 describing the overall summary and the future scope. 

In Chapter 2, we consider the electrophoresis of a diffuse soft particle under the influence of an 

imposed electric field with the ion partition effect. Our investigation shows that the electrophoretic 

velocity strongly depends on the hydrophobicity of the core, Debye layer thickness, and the 

difference in permittivity of the PEL with the corresponding electrolyte. The surface conduction is 

largely influenced by the impact of ion partition and hydrophobicity of the core. The permittivity 

difference can significantly increase the effective charge density, however it reduces when PEL 

become dense where the counterion condensation effect dominates. The dependence of the particle 

size on its mobility is found to be pronounced when the Debye length is lower than the particle 

size. 

At the hydrophobic pore. The effect of nondimensional parameters such as yield stress, length of 

the membrane, Debye length, flow behavior index and slip length parameter on current density 

and ion selectivity are also analyzed. The nonlinear effects on EOF are found to be pronounced for 

a shear thinning liquid whereas the EOF is dominated by the diffusion mechanisms for the shear 

thickening liquid. We have developed an analytic solution for the EOF of a power-law fluid in a 

long hydrophobic tube. Ion concentration polarization is highly influenced by the choice of flow 

index parameter and Debye length. Velocity slip exhibits higher ion selectivity as well as 

conductance at the pore. 



 

 326 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

The generation of streaming potential and energy conversion efficiency in a charged nanochannel 

whose walls are grafted with diffuse polyelectrolyte layer (PEL) is extensively investigated in 

Chapter 5. The standard electrokinetic model is modified by incorporating the finite ion size effect 

and ion partitioning effect that arises due to difference in dielectric permittivity between the 

electrolyte and PEL. Present model incorporates the impact of the PEL-to-electrolyte dielectric 

permittivity difference and the ion steric repulsion through the BMCSL model which enables to 

consider different ion sizes. The ion steric interactions and ion partitioning effects creates a 

counterion saturation of the PEL when the PEL and the wall are similarly charged, which in-turn 

produces higher streaming field and energy conversion efficiency. 

Keywords: Navier-Stokes equations; Nernst-Planck equation; Double layer polarization; 

Electrophoresis; Electroosmosis; Sedimentation potential; Streaming potential; Ion partitioning 

effect; Viscoplastic fluid; BMCSL model; Ion steric interactions; Finite Volume Method; QUICK 

scheme; TVD scheme. 
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A precise knowledge on the spatial and temporal variability of wind-waves can provide vital links 

between the atmosphere-ocean interaction, and noticeable changes in the wind-wave systems 

crucial for detailed assessment of futuristic response. This study explains the temporal and spatial 

variability of wind-generated waves (wind-waves), focusing on swells relevant to different basins 

in the Indian Ocean (IO) region utilizing satellite observations and reanalysis products. Wind-wave 

characteristics are evaluated for different domains in the Indian Ocean (IO) region such as the 

Arabian Sea (AS), Bay of Bengal (BoB), Tropical South Indian Ocean (TSIO), and extra-tropical 

South Indian Ocean (ETSIO). Monthly and seasonal climatological analysis signifies that the 

highest wave activity is observed in the ETSIO. A comprehensive analysis is carried out to 

determine the long-term trends, inter-annual, and inter-seasonal variability of wind-waves 

considered individually as total wind-waves, wind-seas, and swells in the Indian Ocean (IO). The 

significant wave height is increasing in the ETSIO (annual maximum) and North Indian Ocean 

(NIO) (average). In addition, an increasing trend is noticed in the spatial distribution of extreme 

winds and waves for the ETSIO. Interestingly, the study reveals a declining trend in the spatial 

distribution of higher waves (90th, 95th, and 99th percentiles) in the entire IO region. This study 

established different modes and advocates that the leading mode of variability in wind-waves 

pertains to swells. This study also investigated the directional characteristics of distant swells 

reaching various destinations along the coast, including the Lakshadweep archipelago and the 

Andaman Islands. On an average, the Southern Ocean swells reach the Indian coast within 7-8 

days of travel time in all seasons. Major source of wave energy in the NIO is attributes from the 

western parts of ETSIO.  Whereas, the northerly swells (Shamal and Makran) from the northeast 

AS reach the west Indian coast within 1-2 days. The presence of a number of islands in the Tropical 

Indian Ocean is paramount in attenuating and redistributing the wave energy propagating from the 

higher latitude to tropical latitude. This study also investigated the contribution of different 

regional climate modes such as ENSO, IOD, and SAM in regulating the swell wave energy and 

directional wave flux in the IO region.    

Keywords: swell waves, wind-waves, Indian Ocean, trends, Variability modes, directional 

characteristics, propagation, climate change 
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Creep behavior of the Inconel 617 alloy has been investigated through tests carried out in the temperature 

range of 650 - 800 ºC under 95 - 350 MPa. Creep curves obtained from tests on the alloy have exhibited 

non-classical nature, with the primary creep rate decreasing to a minimum value, followed by a typical 

increase, which is either continuous at temperatures  700 ºC or has an intermediate steady-state regime at 

750 °C or 800 °C. The variation of minimum creep rate (ߝ ���ሶ ) with stress () obeys a power law 

relationship (ߝ ���ሶ = An ) with the stress exponent, n increasing with temperature to a peak value at 

700 ºC, and decreasing with further increase in temperature. The values of n > 5 has been rationalized by 

considering the existence of threshold stress, which like n has been found to decrease sharply with 

temperature beyond 700 °C. The MonkmanGrant and modified Monkman-Grant constants derived from 

the aforementioned test results have indicated microstructural instability. Investigation of the post-creep 

microstructures by transmission electron microscope has revealed the formation of  and M23C6 

precipitates, which obstruct dislocation motion during the primary stage. Microstructures of the samples 

creep-tested at 750 °C have exhibited relatively smaller amounts of . The existence of threshold stress 

and steady state regime in tertiary creep stage has been ascribed to obstruction of dislocation motion by 

M23C6 and  precipitates. The ample presence of intragranular secondary γ precipitates has led to 

significantly higher strength of grain bodies than their corresponding grain boundaries, which is found to 

be scantily populated with secondary (Cr,Mo)23C6 precipitates in the temperature range of 650 - 750 ºC, 

and this has led to the formation of creep cavities resulting in intergranular fracture. The creep damage 

tolerance factor, λ value found as ~ 2.5 is in tune with the predominance of creep cavitation in the 

temperature range of 650 - 750 ºC. In contrast, as suggested by both the λ value of ~10.51 obtained from 

empirical damage analysis and mixed mode nature of the fracture surface, substantial plastic deformation 

manifested as necking has been found in the alloy creep-tested at 800 ºC, primarily because of the reduction 

of strength of the matrix due to the absence of γ precipitates and restriction of grain boundary sliding by 

the abundant presence of discrete secondary (Cr,Mo)23C6 precipitates along the grain boundary. Based on 

the plot of applied stress against Larson-Miller parameter, it is possible to predict that the Inconel 617 alloy 

would withstand the steam pressure of 30 MPa at 750 ºC for a design life of 105 h experienced in a typical 

AUSC boiler tube. A thorough investigation of the ‘non-classical creep behavior’ of the IN617 alloy has 

been carried out through interrupted creep tests at 700 ºC/275 MPa and 800 ºC/95 MPa, having nearly 

similar time to rupture (~3500 h) to understand the role of microstructural evolution. A steady state tertiary 

creep region present at 800 °C/95 MPa, is found to be absent at 700 °C/275 MPa. The microstructural 

changes including formation of  and fine secondary carbide precipitates, and twin boundary generation in 

the microstructure observed on interrupting the creep tests at both the aforementioned conditions after 

varying durations, have been investigated using optical, scanning and transmission electron microscopy, 

electron back scattered diffraction (EBSD) and thermal analysis. The formation of ample fine  precipitates 

along with the fine secondary carbides in the samples subjected to creep tests at 700 °C with interruptions 

after varying fractions of time to rupture lead to increase in hardness, which is found to be lower for similar 
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tests at 800 °C due to the absence of γ precipitates. Moreover, the EBSD analysis has confirmed a higher 

length fraction ratio of twin boundary (TB) to high angle grain boundary (HAGB) in the samples exposed 

to the steady state tertiary creep regime (almost 95% of total rupture time) at 800 °C. The increased TB to 

HAGB length fraction ratio is considered as responsible for improving the creep resistance by restricting 

the damage accumulation, as the TBs are typical coincident site lattice boundaries with lower energy and 

greater packing density. 

 Keywords: Inconel 617 alloy; Non-classical creep behavior; stress exponent; threshold stress; Rupture 

behavior; Creep damage analysis; post-creep microstructure. 
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INVESTIGATIONS ON MULTILEVEL INVERTERS WITH SINGLE DC 

SOURCE 

 
RAJESH. V  

Supervisors: Prof. Chandan Chakraborty and Prof. Sumit K Chattopadhyay  

Department of Electrical Engineering  

Accession No.: NB17467 

 

Multilevel inverters have been researched widely since the past few decades. They suffer from a 

predominant issue of dc source requirement. More number of dc sources are needed to generate 

high-resolution output voltages. Though, floating capacitors forming dc links, can be of help, they 

need to be operated in a closed loop environment to be able to regulate voltages. However, as the 

demand on resolution increases, more number of capacitors will be required, which increases the 

control complexity. Over the recent years, extensive research has been carried out on multilevel 

inverters to address these issues.  

This thesis puts forth an attempt to address the dc source requirement issue of multilevel inverters 

and presents few ways by which the number of dc sources can be reduced to one. The work starts 

with the brief introduction of the concept of level doubling network, as this forms the foundation. 

A level doubling network, which is a half-bridge unit almost doubles the number of output voltage 

levels of any multilevel inverter. In doing so, the level doubling network doesn’t consume any 

energy in the steady state. Level doubling network carries an important limitation of requiring 

huge capacitance for maintaining the voltage, particularly when operating in low-frequency region. 

Two control strategies are presented to address this issue viz., full bridge level doubling network 

and shifting neutral mechanism.  

Then the features of full bridge level doubling network are explored to achieve a single dc source 

based cascaded H-bridge multilevel inverter. The inverter uses only one H-bridge which is fed 

from isolated dc source and all other H-bridges have the dc links formed by floating capacitors. 

Capacitors converge to the respective steady state voltages in open-loop conditions using the 

principle of level doubling and the dc link voltages of the inverter have an inherent binary 

asymmetric ratio. For achieving this, switching redundancies of all the possible voltage levels need 

to be utilized completely. This led to the selection of switching sequences using proper cell-voltage 

combinations. A framework has been presented by which the cell-voltage combinations can be 

formulated for the cascaded H-bridge inverter. However, a definite number of fundamental cycles 

are required to have complete control over the capacitor voltages and also required significant 

amount of capacitance.  

To reduce the balancing cycles and thus the required capacitance, the self-balancing principle is 

extended to another multilevel inverter topology which is the packed-U cell converter. With this, 

capacitance requirement is reduced to a small extent at the cost of losing some resolution in the 

output voltage. Therefore, in an attempt to maintain or increase the output voltage resolution while 

still aiming at reduction of capacitance, single dc source based cascaded H-bridge multilevel 

inverter with trinity asymmetric ratio is presented. Here also, there will be a single H-bridge which 

has dc link voltage derived from an isolated source and many auxiliary H-bridges with floating 
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capacitors whose voltages balance in open loop. The dc link voltage so fall th eH-bridges format 

urinary symmetric ratio. As the switching redundancies for any voltage-level in trinary asymmetric 

multilevel inverters zero, a new control method is presented which explores the space-vector 

redundancies to achieve self-balancing of capacitor voltages.  

Extensive simulations and analysis have been carried out using MATLAB and PLECS platforms 

to verify these concepts. Experimental validations are carried out on a laboratory prototype to 

confirm the usefulness of the concepts. 

Keywords: Multilevel network, half-bridge level doubling network, full-bridge level doubling 

network, cascaded H-bridge, binary symmetric ratio, trinarya symmetric ratio, PUC converter, 

open-loop balancing, space-vector redundancy. 
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DESIGN WITH AN EMPHASIS ON PROTEINPROTEIN INTERACTION 

MODELING 

 
Abantika Pal  

Supervisor: Dr. Pralay Mitra 

Department of Computer Science and Engineering 

Accession No.: NB17468 

 

Computational Protein Design (CPD) is an emerging technology in the field of pharmaceutical and 

biotechnology. Through this technique, proteins can be engineered to have novel folds and 

functionality with better thermo stability and affinity towards their interacting partners. Moreover, 

in the field of disease biology, it helps to detect the responsible residues causing the abnormality 

in the cellular processes. Given a target structure, CPD tries to find out one or more sequences that 

will fold to the target tertiary protein structure. A sequence search procedure and an energy 

function assessing the sequence-structure compatibility are two key components of a CPD 

program.  

Although deterministic and non-deterministic algorithms are well explored to solve the CPD 

problem, there have been only a few attempts to utilize parallel algorithms to solve this problem. 

At first, we have utilized the independent modular structural organization of the protein structure 

in designing the parallel sequence search algorithm. A divide and-conquer approach has been 

incorporated where the protein is split into protein units (PU) and each PU is explored in parallel. 

This shared memory implementation of modularity-based parallel sequence search leads to better 

search space exploration compared to the case of traditional full protein design. On analyzing the 

design sequences on the benchmark data set, it shows 39.7% sequence similarity with an average 

root-mean-square-deviation (RMSD) and average TM-score of 1.17Å and 0.89, respectively.   

An efficient search space exploration technique in CPD helps to get the optimum solution in a 

considerable amount of time. Here, we propose a greedy simulated annealing-based Monte-Carlo 

parallel search algorithm for better sequence-structure compatibility probing in protein design. The 

guidance provided by the evolutionary profile, the greedy approach, and the cooling schedule 

adopted in the simulation ensures sufficient exploration and exploitation of the search space 

leading to faster convergence. On evaluating the proposed algorithm on the benchmark dataset, 

we report an average RMSD of 1.07Å and an average TM-score of 0.93 with the modeled designed 

protein sequences. A high (93.4%) intra-group recapitulation of hydrophobic residues in the buried 

region indicates that the proposed protein design algorithm preserves the core residues in the 

protein and provides alternative residue combinations in the solvent-accessible regions of the 

target protein.  

Protein-protein interactions are critical for most of the cellular processes ranging from immune 

defense, intercellular signal transmission to growth and repair of cells. Protein interface 

engineering is one of the major applications of CPD which opens up numerous possibilities for 

enhancing or inhibiting such cellular processes where the protein complex structure serves as the 

starting point. In this work, an automated computational framework has been developed for 
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modeling functionally related protein complex structures utilizing GO-based semantic similarity 

technique and co-evolutionary information of the interaction sites. The framework considers both 

protein sequence and structure information as input and employs rigid-body docking and template-

based modeling together based on an integrated protein-complex structure prediction approach. 

Our framework combines geometric as well as physicochemical features for re-ranking the 

docking decoys. The proposed framework has an 83% success rate when tested on a benchmark 

dataset while considering Top1 models for template-based modeling and Top 10 models for the 

docking pipeline.   
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INVESTIGATIONS ON THIN FILM SENSING ELEMENTS FOR AIR 

QUALITY MONITORING 

 
Tynee Bhowmick  
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We have optimized various process parameters to synthesize CuO, LaFe0.8Co0.2O3 (LFCO), ZnO 

(Z),  LFCO – ZnO (LZ) composite, LFCO/ZnO (L/Z) and CuO/ZnO (C/Z) bilayer p-n 

heterojunction thin films using chemical solution deposition route. We have studied the ethanol 

and acetone sensing characteristics of CuO thin film and applied the gas diffusion theory to p-type 

CuO thin films of thickness 120-288 nm. We found that the gas response first decreased with 

increasing thickness and subsequently exhibited a volcano-shaped behaviour with a further 

increase in film thickness for CuO thin films. We have developed the LFCO thin-film sensor for 

selective CO sensing applications assuming the efficient catalytic activity of the LFCO perovskite 

surface and the skilful microstructural control of thin-film morphology. We found that for film 

thickness in the range 92 – 432 nm, the 243 nm thin film exhibited the maximum response % to 

CO at 225°C and was also selective to CO in the studied temperature range. We have compared 

the CO and CO2 sensing behaviour in LZ composite and L/Z p-n heterojunction bilayer thin films. 

We found that the LZ composite thin film is sensitive to both CO and CO2 over a wide temperature 

range of 150-350°C, whereas the L/Z sensor is selective to CO2 between 150 and 300°C. The 

cross-sensitivity of CO and CO2 in the LZ sensor was addressed via principal component analysis 

(PCA) of the resistance transients and simulation of conductance transients. The selectivity to CO2 

in the L/Z sensor is attributed to the formation of a p-n heterojunction between LFCO and ZnO. 

We have also studied the adsorption characteristics of CO2 and C4H10 gases on the C/Z sensor 

surface. We found that CO2 follows the extended Freundlich model, whereas C4H10 obeys the 

extended Langmuir adsorption model. We have calculated the activation energy, EA and heat of 

adsorption, Q for the test gases from theory. These values for CO2 and C4H10 are found to vary 

considerably in the range of concentrations studied. We have also fabricated a portable and 

economic gas-sensing prototype. The efficiency of the prototype was tested in the laboratory as 

well as in the field.   

Keywords: Thin film gas sensor, gas diffusion theory, CO sensing, CO2 sensing, adsorption 

theory, portable sensing prototype    
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IMPROVED FAULT DETECTION APPROACH AND IDENTIFYING THE 

FAULTY PHASE IN THREE-PHASE TRANSFORMER USING 

ADVANCED FREQUENCY RESPONSE MEASUREMENT TECHNIQUES 

 
V S B Chaitanya Duvvury  

Supervisor: Dr. Saurav Pramanik 
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Accession No.: NB174670  

 

The thesis is aimed at proposing new innovative methods to improve the fault diagnosis in three-

phase transformer using frequency response analysis (FRA). Three important applications 

considered in this thesis are as follows:  

• Establishing a new method for terminal measurement to improve the sensitivity in fault detection 

for three-phase transformer.  

• Exploring a new measurement technique to aid the phase comparison method for identifying the 

winding damage or deformation in three-phase transformer in the absence of healthy or reference 

magnitude response (also known as FRA signature). 

• Developing a new FRA based method to identify the faulty phase in three-phase transformer. It 

is to be mentioned here that identifying the faulty phase is an essential primary task for localizing 

the fault in three-phase windings. 

For fault diagnosis of power transformer, FRA method primarily aims to identify the winding 

damage or deformation at a very early stage. If it remains unattended, it may gradually develop 

into major failure of transformer. Therefore, gaining higher sensitivity in fault detection is 

paramount to identify even minor damages in transformer winding at an early stage. To improve 

the fault-detection sensitivity in conventional FRA method, several attempts are reported in 

literature, however, they primarily focused on identifying the suitable terminal connections and 

developing new sensitivity indices. Apart from these, earlier attempts hardly included any 

innovation for new measurements which may inherently afford greater sensitivity to fault-

detection compared to the sensitivity achieved using conventional FRA measurements. In this 

context, this thesis proposes a new tank current measurement technique to improve the sensitivity 

in fault detection for three-phase transformer. In Chapter 2, following ‘Introduction’ in Chapter 1, 

the thesis also demonstrated about how the unique resonance behavior of tank current (i.e. 

appearance of new resonance peaks at the occurrence of a fault) helps improving the fault-detection 

sensitivity of FRA method compared to the sensitivity achieved in neutral current method. Both 

the simulation results and the experimental measurements on actual transformers (for both healthy 

and faulty cases) are included in this chapter for viability test of the proposed method. Necessary 

derivations are also included in the chapter to justify the proposed method both analytically and 

numerically. 

As the tank current was never explored earlier for fault diagnosis in power transformer, in Chapter 

3, this thesis further investigated about more unknown features of tank current for fault diagnosis. 
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This attempt this been made particularly to explore whether the tank current could be of any benefit 

to aid phase comparison method for identifying the winding fault in the absence of healthy FRA 

trace. In conventional approach, the fault is identified by comparing subsequently measured 

frequency responses with the healthy FRA trace followed by observing any change or deviation 

between the two responses. Therefore, apparently it seems that if the healthy response is not 

available, the conventional FRA method could be of no use for fault detection in transformer. 

Healthy responses may not be always available in practice for several reasons especially for old 

transformers. Under this scenario, the tank current measurements are found indeed very suitable 

for phase comparisons as they exhibit great similarity between the three responses for three phases 

(for ‘delta’ connected HV windings of a healthy transformer) followed by a distinct separation 

between all the three responses for a fault in three-phase windings. Therefore, simply by 

comparing three tank current measurements for three phases of a transformer, the fault can be 

identified even in the absence of healthy FRA trace. Experimental results for actual three-phase 

HV windings of a Dyn transformer are also included in the thesis and they are found indeed very 

promising. In the present scope, only the issues for delta connected HV windings are prioritized 

(as they appear to be more complex in FRA diagnosis) and hence, the experiments were conducted 

only on ‘delta’ connected HV windings for the thesis work. The reason why the issues for ‘delta’ 

connected windings appear more complex for FRA diagnosis is explained in details in Chapter 3 

of the thesis. Further, three-phase windings of a healthy transformer are assumed identical and 

they are also considered uniformly wound in the present scope of work.  

In Chapter4, the thesis aims to develop a new connection scheme for FRA measurement to 

identify the faulty phase in three-phase transformer. In fault diagnosis, once the fault is 

identified, the next obvious step is to assess the severity and type of fault followed by its 

localization. For severity assessment and determining the type of fault, several attempts are 

already made by the researchers and are also reported in the literature, however, to localize the 

fault in three-phase windings, so far no attempt has been reported. All attempts for fault-

localization are limited to only isolated windings or an assembly of HV-LV windings. Therefore, 

any attempt towards localizing the fault, even identifying the faulty phase in three-phase 

windings to an extent could be regarded as a worthy contribution. Of course, identifying the 

faulty phase is the most essential primary task for fault-localization in three phase windings and 

this thesis accomplished the task by proposing and employing a new measurement scheme for 

FRA method. The proposed scheme includes identifying the appropriate terminal configurations 

for three-phase windings (of ‘delta’ connection) followed by comparing two concurrently 

measured frequency responses to identify the faulty phase. If any change or deviation is observed 

between the two responses, either of the two outer phases is likely to be the faulty phase, or else, 

it’s the middle phase. In the present scope of work, the measurement scheme is proposed for 

‘delta’ connected HV windings (uniformly wound) and is also experimentally verified for actual 

three-phase windings. Pertinent results are also included in Chapter 4 of the thesis. Conclusions 

and future scope of work are included in Chapter 5. 

Keywords: Frequency Response Analysis, resonance, neutral current, tank current, three-phase 

transformer, transformer winding, winding deformation, delta connection, mechanical fault, 

fault-detection, fault-detection sensitivity, fault-localization. 
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Natural convection heat transfer plays an indispensable role in several industries as well as in real-

life practical scenarios. Conjugate heat transfer from thick hollow vertical and horizontal cylinders 

has wide range of applications. The present study tries to numerically analyse the rate of heat 

transfer in such cases for different input parameters relevant to some useful industrial applications.  

Firstly, natural convection heat transfer from a 3D thick hollow horizontal cylinder placed on the 

ground is studied numerically. Numerical simulations are performed in the laminar regime 

(104≤Ra≤108) by varying the length to outer diameter ratio (L/D) and thickness ratio (d/D) in the 

range of 0.2-20 and 0.5-0.9 respectively. Nusselt number, heat transfer rate and contribution to 

total heat transfer rate from different surfaces have been evaluated and their variation with the 

above parameter is represented graphically. Similarly, thermal plume and velocity vector are 

shown pictorially at different cylinder sections, and the physical phenomenon of fluid flow and 

heat transfer could be described from such pictures. It has been observed that with an increase in 

thickness, Nu decreases at low L/D (L/D ≤ 2), whereas at higher L/D, a reverse trend is observed. 

The heat transfer rate from the inner surface increases initially with an increase in L/D. After a 

particular L/D, the heat transfer rate attains a constant value, whereas a continuous increase is 

noticed for the outer surface. It has also been observed that at a particular L/D and d/D, the 

contribution to heat transfer rate from inner surface increases with Ra, whereas a reverse trend is 

observed for the outer and side flat surface. Subsequently, a comparative study on conjugate 

natural convection heat transfer from a thick hollow horizontal cylinder placed on the ground or 

suspended in air is reported in the second objective. It has been noticed that the average Nu for a 

cylinder suspended in air is more than for an identical cylinder placed on the ground up to Ra of 

106. However, for Ra=107 and d/D≥0.8, the average Nu for cylinder placed on the ground is 

marginally more for cylinder in air up to L/D=0.8. On comparing, the average Nu for the outer 

surface of the cylinder suspended in air and placed on the ground, the average Nu is found to be 

marginally higher for the former case. However, for the inner surface, the average Nu is found to 

be higher for the latter case. A correlation for Nusselt number as a function of Rayleigh number, 

L/D and d/D has been developed separately for cylinder on ground or in air which may be useful 

for industrial purposes.   

Numerical analysis of fluid flow and heat transfer from a thick hollow vertical cylinder is carried 

out in the remaining two objectives of this thesis. Numerical simulations are performed for a thick 

hollow vertical cylinder suspended in air by changing the length to outer diameter ratio (L/Do) 

from 0.2-20 and thickness ratio (Di/Do) from 0.5 to 0.9 within the laminar regime. Variation of 

average Nu and local Nu with the above parameters has been elucidated graphically. Subsequently, 

the influences of Ra, L/Do, and Di/Do on mass-flow rate and velocity profile inside the cylinder 
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have also been investigated. It has been observed that the average Nu of a thick hollow cylinder 

increases with L/Do, attains a peak and then decreases to a minimum and then again increases with 

L/Do. This phenomenon is very well observed at a high Ra of 106 compared to a lower Ra of 104. 

The Nu of the inner surface is always lower than the outer surface, and as L/Do increases beyond 

eight, the inner surface Nu falls drastically at high Ra compared to lower Ra. It has also been 

observed that the non-dimensional mass-flow rate due to buoyancy driven flow inside the thick 

hollow cylinder increases with L/Do, attains a peak and then decreases for all Ra. Subsequently, a 

comparative analysis of heat transfer rate and flow field pattern around a thick hollow vertical 

cylinder placed on the ground or suspended in air is performed. It has been observed that the 

difference between the Nu for these two cases diminishes as the L/Do increases. Cooling time 

curves for the cylinder placed in air or on the ground have been described precisely. Finally, a 

correlation for the average Nu as a function of all the pertinent parameters has been proposed that 

can be useful for industrial and academic purposes.   

Keywords: thick hollow cylinder, Natural convection, Nusselt number, Mass-flow rate, thickness 

ratio, steel roll cooling, numerical analysis, thickness ratio, cooling time curve.    
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In recent years, Attribute-Based Access Control (ABAC) has emerged as the desired access control 

model for many organizations. ABAC provides the most finegrained access control as compared 

to the contemporary access control models and supports dynamic decision making through the 

inclusion of environment conditions. However, the successful deployment of ABAC in an 

organization largely depends on the process of policy engineering that involves the construction 

of an appropriate set of rules called an ABAC policy. In this thesis, we present a collection of 

novel techniques for policy engineering that facilitates the development of an ABAC policy in 

varying situations. First, we present a method that enables an organization to use an existing policy 

from another organization having similar attributes and their values. The proposed method 

eliminates the need for ab-initio development of an ABAC policy. Next, we discuss two different 

policy engineering approaches. The first is a bottom-up approach that is suitable for scenarios 

where all the permitted accesses in the organization are known. Here, we use Gini impurity to form 

the authorization rules from the given accesses. The second is a hybrid approach that constructs 

an ABAC policy with the help of the security officer of an organization and only a fraction of the 

organizational accesses. Finally, we propose a technique that intuitively represents the permitted 

accesses in an organization and forms authorization rules using it. The intuitive representation 

facilitates an easy understanding of the access patterns in the organization and also helps in 

detecting unauthorized accesses. We have performed the complexity analysis of all the proposed 

methods. Also, experimental evaluation of all the proposed methods on various synthetically 

generated data sets is carried out to ensure their applicability in different scenarios. 

Keywords: Access Control Models, Attribute-Based Access Control, ABAC Policy, Policy 

Engineering, Policy Adaptation, Policy Mining, Hybrid Policy Engineering. 
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Poor nutrition starts before birth and can lead to intergeneration of malnutrition and spans into 

generation. In India, nutrition interventions are connected to children and women, thus avoiding 

adolescents. National Family Health Survey-5 reported that 63% of girls and 37% of boys aged 

between 15 to 19 are anemic. A low-cost formulation that meets the nutritional and sensory needs 

of adolescents to compensate for nutrient deficiencies encountered during childhood is an 

untapped subject.  The present study focuses on developing low-cost, high-energy, nutritious 

cookies that satisfy the 30% Recommended Dietary Allowance (RDA) requirement of 

undernourished adolescents as per the National Institute of Nutrition (NIN), India.  

The prevalence of undernutrition among adolescents in Kharagpur I block was studied. The 

underutilized ingredients finger millet, jackfruit seed powder, moringa powder, soy protein isolate, 

icing sugar, and oil were selected as the potential ingredient and the formulation is designed and 

optimized using linear programming (LP). The proximate composition, physical, chemical, 

nutritional analysis along with sensory analysis with two commercially available biscuits were 

performed to check the overall acceptability of the product. The protein quality of cookies in 

Sprague Dawley rats, following the storage stability of the cookies in different packaging materials 

and storage conditions, was studied. The 3D printed cookies were developed by extruding at 27 

and 30 ◦C with fill density values of 50%, 70%, 90%, and 100% and water butter ratios of 3:10 

and 6:5. The hardness, rheological behavior, and microstructure of 3D printed cookies with 

different products (e.g., water butter ratio) and printing (e.g., fill density and temperature) 

parameters were analyzed.  The prevalence of undernutrition was higher among adolescents in 

Kharagpur I block, West Bengal. The percentage of malnourished conditions is more among boys 

than in girls. Cookies with a total energy of 506.81 kcal/100g, protein 13.46g/100g, and fat 

25.97g/100g were developed at an ingredient cost of Rs. 11.21/100g, with the dose of vitamin and 

mineral premix set at 2.2g/100g of cookies. The cookies, designed to provide the required nutrition 

to treat adolescents at home, have the required quantity of essential amino acids, necessary 

amounts of fatty acids with acceptable sensory properties. The high-energy cookies recorded 

higher digestibility values and better PER, indicating that the product has better digestibility and 

good quality of protein and improves the growth of undernourished adolescents. Developed 

cookies packed in MPET pouches under ambient conditions showed more effective quality 

retention with good texture, less lipid oxidation, better color, and amino acid. The 3D-printed 

cookie dough exhibited a more elastic behavior with higher storage modulus values than the loss 

modulus. The hardness of the baked cookies was influenced by printing temperature, fill density, 

and water butter ratio of 3D printed cookie dough and their interactions. The results indicated that 

cookies with 90% fill density and water butter ratio of 3:10, extruded at 27 °C, showed better-

defined printing and outcomes.   



 

 342 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

 Keywords; Adolescent malnutrition, linear programming, animal model study, 3D food printing, 

storage study 
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Five distinct polymorphs (α, β, γ, δ and ε) of polyvinylidene fluoride (PVDF) are formed depending on the 
crystallization conditions and processing techniques. Among them, β and γ forms are polar, and the rest 
are non-polar. Compared to the other polymorphs, β-PVDF possesses the highest technological 
importance owing to its higher dipole moment and spontaneous polarization per monomer unit, high 
Curie temperature (168o C), and a very high coercive electric field (120 MV/m at room temperature). 
PVDF is easy to fabricate, and to some extent more advantageous as compared to electroactive ceramics 
(e.g. BaTiO3) because of low density (1000-2000 kg/m3 ), high flexibility, high response speed (μsec to 
min), better resilience, and higher actuation strain. However, β-PVDF is associated with a major 
disadvantage of its structural instability. During melting or solvent casting, the stable and non-polar 
αphase forms predominantly, which needs to be converted to the electroactive β-phase. Apart from the 
conventional mechanical stretching, electrical poling, and various high temperature-high pressure 
treatments, the addition of different types of second phase materials (fillers or additives) also helps in α 
to β transition. There are primarily three types of widely-studied PVDF/filler composites, namely, 
PVDF/nanoparticles (0-3 and 1-3 type), PVDF/room temperature ionic liquids (RTILs), and PVDF/hydrated 
salts. The matrix/filler interactions induce the formation of piezoelectric β-PVDF, thereby enhancing the 
polar properties of the composites. Because of the ever-increasing demand of highly flexible electro-active 
polymers, along with PVDF homopolymer, PVDF-copolymers, e.g. poly(vinylidene fluoride-
trifluoroethylene) (P(VDF-TrFE)), poly(vinylidene fluoridetetrafluoroethylene) (P(VDF-TeFE)), 
poly(vinylidene fluoride-hexafluoropropylene) P(VDF-HFP) and terpolymer P(VDF-TrFE-CFE), are also 
studied extensively to compare their piezo-, pyro- and ferroelectric properties. Although a significant 
number of first principles-based research has been performed to explore the ferroelectric behavior of 
pristine PVDF homopolymer and copolymer systems, computational studies on PVDF-based systems are 
still rare. This work intends to provide an in-depth quantum chemical clarification of the facile remarks on 
inter-fragment hydrogen bond interactions within PVDF/ionic liquid and PVDF/hydrated nitrate salt 
systems. Linear combination of atomic orbitals (LCAO)-based density functional theory (DFT) calculations 
are performed considering longrange dispersion correction for structural optimization and vibrational 
frequency analyses. PVDF/IL interactions are analysed for α- and β-PVDF tetramer chains, and ionic liquid 
1-n-alkyl-3- methylimidazolium tetrafluoroborate ([CnMIM][BF4]). The effect of variation in the IL-cation 
chain length (n) on the physicochemical properties of PVDF/IL complex is explored for n = 2, 4, 6, 8, and 
10. Explicit descriptions on PVDF/IL-cation and PVDF/IL-cation interactions are provided for 
PVDF/[BMIM][BF4] in the gas phase and within three polar aprotic solvents, namely, tetrahydrofuran 
(THF), acetone, and n,n-dimethyl formamide (DMF). Hydrogen bond interactions within hydrated 
aluminum nitrate [PVDF/Al(NO3)3.9H2O] added PVDF, PVDF-TrFE, and PVDF-HFP composite systems are 
analysed in the gas phase and within DMF. Coordination chemistry and formation energies of two stable 
isomers of Al(NO3)3.9H2O are described. Simulated IR and Raman spectra identified the simultaneous 
presence of C-H…O (mostly improper) and O-H…F (mostly proper) hydrogen bonds between the salt 
molecule and polymer chains. Subsequently, a quantum chemical perspective of the selective gas 
adsorption efficiency, from a mixture of CO2, CO, CH4, and H2, of α- and β-polyvinylidene fluoride (PVDF)-
supported imidazolium- and pyridinium-based six ionic liquid membranes. Membrane/gas interactions 
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are described as weak hydrogen bond interactions between the gas and membrane. In the end, a 
combined DFT and molecular dynamics (MD) simulation study is performed to provide a comparative 
analysis on Li-ion interactions and diffusion properties within β-PVDF/ionic liquid ([BMIM][ClO4])/Lithium 
perchlorate (LiClO4) and β-PVDF/propylene carbonate/LiClO4 gel polymer electrolyte systems. All the 
solvation model calculations are performed using integral equation formalism polarizable continuum 
model (IEFPCM). Inter-fragment hydrogen bonds are characterized based on natural bond orbital (NBO), 
Bader’s quantum theory of atoms in molecules (QTAIM), delocalization indices, Hirshfeld surface, and 
reduced density gradient (RDG) analyses. 
 
 Keywords: LCAO-DFT; dispersion correction; PVDF; ionic liquid; hydrated salt; hydrogen bonding; 
membrane gas separation; gel polymer electrolyte.  
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Industrialisation and globalisation have culturally connected the world, developed economies and 

assisted in developing commercial ties, therefore altering the work paradigm. However, this has 

come at the expense of climatic changes detrimental to the organisms residing on Earth. 

Anthropogenic activities have intimidatingly transformed the natural landscape into economically 

beneficial developments, exhibiting sheer pressure on the environment, causing an imbalance in 

nature. Urban climate change and warming have been globally identified as the two most 

challenging issues that can be inferred to the inexorable rise in land surface temperatures at micro, 

meso- and macro-levels. Uncontrolled growth in impervious surfaces without adequate planning 

for expanding the existing or developing new basic infrastructure is one of the primary causes of 

increased surface temperatures. In the present scenario, urban areas are highly vulnerable to the 

phenomenon of Urban Heat Island (UHI), which is becoming more significant and severe with 

time due to rising surface temperatures and growing heat waves. The research idea focuses on the 

challenges faced by Indian cities towards rising negative effects of the surface temperature of the 

earth. The proposed thesis aims to determine the impact of landscape alteration on a city’s land 

surface temperature and its dwellers to provide a comprehensive approach to decision-making and 

navigating government agencies toward sustainable development opportunities.  

This research constitutes four objectives considering Kolkata Metropolitan Region, India as 

testbed: (1) analysis of the temporal land use/ land cover change patterns; (2) quantify and analyse 

the Spatio-temporal land surface emissivity and land surface temperature; (3) derive relationships 

between urban landscape/pattern and land surface temperature; (4) forecasting land surface 

temperature considering the business as a usual scenario. Analysis of land use depicted a rapid 

transition in paved surfaces at the detriment of vegetated and open spaces, with infill and 

distributed growth patterns in the core and buffer, respectively. The second objective utilised 

various algorithms to estimate the Land Surface Temperature (LST) and a range of values were 

determined for the proposed study period. In addition, to gain insights, spatial and non-spatial 

indices such as annual rate of change in LST, normalised urban heat island, and stress degree days 

were derived and examined. The results indicated a high change in LST over the locations with 

the most urban growth and a rising trend in the number of annual heat stress days. Subsequently, 

various relationships in the form of scatter plots, temperature profile graphs and gridbased analysis 

revealed that paved urban surfaces are associated with the maximum surface temperatures. LST 

was observed at the ward level for a deeper insight, and urban heat centres were identified using a 

cluster of pixels. Furthermore, the relationship between LST - ambient air temperature and LST - 

building height were investigated. The next objective was to forecast land surface temperatures 

over the study area. The findings suggested a continual growth of LST over the existing and 

upcoming urban paved configurations. The thesis concluded with a collection of literature-based 
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generic mitigation strategies for reducing the ill effects of rising urban land surface temperatures 

on inhabitants. In conjunction with other scientific literature, the present analysis will aid in the 

development of essential policy measures or the improvement of existing ones for the wellbeing 

of urban residents and the environment, resulting in sustainable urban growth.  

Keywords: Land Surface Temperature, Forecasting, Urban Dynamics, Landuse/Landcover 
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Sugarcane juice (SJ) is a popular refreshing drink and an excellent source of energy. Though the 

juice offers numerous health benefits, it suffers from discoloration, off flavour development and 

short shelf life owing to enzymatic browning and microbial fermentation. In order to address the 

problem of SJ spoilage, two non-thermal techniques, viz., ultrafiltration (UF) and ozone treatment 

(OZ) (both as individual processes and in synergy) are attempted in this study. The experimental 

plan included the synthesis of functional composite polymer (CPY) and selection of CPY 

concentration (0.25, 0.5 and 1 wt%) for polymer blend preparation, study of membrane surface 

modification via polymer blending and evaluating its impact on membrane properties, and 

studying the effects of membrane operating conditions, viz., transmembrane pressure (TMP) 35-

138 kPa and cross flow rate (CFR) 10-30 l/h on flux, juice properties and anti-fouling 

characteristics. In ozone treatment of raw SJ, optimization of gas flow rate (GFR) 3-10 l/min, 

ozone concentration (OC) 2-8 ppm and exposure time (ET) 5-20 min was carried out based on 

their effects on juice parameters and kinetic behaviour of enzyme and microbial inactivation was 

also studied by model prediction. Similarly, optimization was done for ozone treatment of 

ultrafiltered SJ considering GFR (4-8 l/min), OC (2-6 ppm) and ET (5-12 min). Further, individual 

UF and OZ processes and the combined UF+OZ technique were compared. The bioactive 

characterization and sensory evaluation of processed juice were done and then it was subjected to 

a storage study of 15 weeks under refrigeration and its shelf life was assessed. The results showed 

the superior anti-fouling properties, antimicrobial action and long run performance of the modified 

hollow fibre membrane prepared using polymer composition (18% polysulfone + 1% polyethylene 

glycol-200 + 0.5% CPY) compared to the unmodified one. The optimum condition for ozone 

treatment of raw SJ was obtained as gas flow rate (GFR) 5.6 l/min, ozone concentration (OC) 7.2 

ppm and exposure time (ET) 18.5 min. From kinetic model prediction, it was found that, 

peroxidase (POD) enzyme was more sensitive to ozone action than polyphenoloxidase (PPO) as 

indicated by scale parameter of the best fitted Weibull model. The most resistant microorganism 

was S. cerevisae followed by coliforms and L. mesenteroides as revealed by predictive model 

parameters. The optimum conditions identified by multi-objective genetic algorithm were GFR 

4.6 l/min, OC 3 ppm and ET 8.2 min for ozonation of ultrafiltered SJ. Cumulative enzyme and 

microbial inactivation effects were obtained by combining the processes (UF + OZ) providing 

about 85% PPO, 91% POD, 7 log bacteria and 5.2 log yeast and mould inactivation. Furthermore, 

when ultrafiltered SJ was used for ozonation, the applied ozone dose was minimized by 6.4 times 

compared to raw juice that resulted in reduced degradation of phenolic compounds and slight 

increase in antioxidant capacity. The hurdle technology apart from facilitating synergic 

inactivation effect reduced the process severity as well and therefore, it was adopted for preserving 

sugarcane juice. Multivariate techniques efficiently distinguished the stored samples and showed 
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the dissimilarities in quality characteristics after 12 weeks of storage. The microbial stability and 

sensory acceptability analyses confirmed that the ultrafiltered ozonised sugarcane juice could be 

safely stored up to 90 days under refrigeration. The economic feasibility of process was ascertained 

by sensitivity analysis.  

Keywords: Sugarcane juice; Preservation; Ultrafiltration; Membrane modification; Ozone 

treatment; Process optimization; Kinetic models; Shelf life prediction    
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The design and optimization of tree-like or branching fins for heat dissipation in electronic cooling 

applications is numerically investigated under laminar natural convection conditions. To begin 

with, a simple tree-like fin having a stem of certain height which divides into two symmetrical and 

dichotomous branches is considered. Optimum branching angle of the fin is determined for 

different fin sizes. Arranging the optimized fins on a hot base plate, the optimum inter-fin spacing 

for maximum heat dissipation and the associated flow patterns are investigated for different fin 

sizes and base temperatures in different orientations of the heat sink. Vortex motion between the 

adjacent fins, geometry induced acceleration are some flow features that are observed which are 

specific to the geometrical structure of the branching fins. The dependence of Nusselt number on 

fin height, length, inter-fin spacing besides Rayleigh number are determined in different 

orientations. In the next study, the effect of perforations on the thermal performance of branching 

fin is investigated. Circular perforations of various diameters at different pitch sizes are tested to 

design an optimized perforated branching fin. The questions of ‘why a particular pore size results 

in highest heat transfer’ and ‘do perforations always enhance heat dissipation’ are explained by 

studying the flow and thermal fields besides showing the dependency between heat dissipation and 

pore size and pore distribution. The heat dissipation characteristics of heat sinks with the optimized 

perforated fins are also studied in different orientations. And the last objective of this thesis is to 

investigate on multi-branching fins i.e., fins having more than two branches, and find out if 

multibranching fins dissipate more heat than fins having only two branches. The branches are 

inclined about the fin-stem with different offset angles. Symmetric and asymmetric arrangements 

of the branches are considered in different orientations. Except for one of the orientations, the 

multibranching fins do not better the simple tree-like branching fins having only two branches. 

However, the next best configurations are determined. It is found that asymmetric designs are 

superior to symmetric designs for some arrangements in one of the orientations.   

Keywords: natural convection; heat dissipation; branching fin; branching angle; optimum inter-

fin spacing; vortex motion; perforation; pore size; pitch; multi-branching; asymmetry; Nusselt 

number 
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The goal of mimicking numerous elements of human physiology on artificially created bio-chips 

is rapidly being realized owing to the multidisciplinary research at the nexus of biomedical 

engineering and human health. As a result, in vitro biological models are shifting away from 

traditional platforms toward biomimetic microfluidic systems, aiming to replicate human organ 

systems based on structural and functional considerations. The concept of in vitro organ-on-a-chip 

arise from simplified modeling of complex physiological systems to the key functioning of a 

particular organ having minimal essential tissue structure within an engineered platform to mimic 

a specific role or disease instead of modeling the whole organ. One such essential component of 

engineered organ chips is microvasculature to advance the biological significance and mimic the 

structural and functional aspects of the circulatory system. However, several factors (cost, material 

selection, and physiologically relevant geometry) limit the design of vascular network platforms, 

which have been addressed in the study by adopting lithography-free, simple, lowcost, and 

efficient fabrication techniques— nature-inspired soft lithography and hydrogel-molding approach 

to developing biomimetic microvascular platforms that mimic the complex and geometrical 

features of vessel networks. Extracellular matrix proteins are covalently bonded to the surfaces of 

circular microchannels to provide a strong, durable, and natural milieu for cultivated endothelial 

cells within microfluidic conduits. The covalently engineered surface of the microchannel 

improves the cell functionality by maintaining a moderate quantity of surface-free energy, 

roughness, and wettability—the most favorable features for cellular performance. Further, the 

fabricated device is shown to be capable of capturing crucial vascular transport mechanisms and 

tumor adhesion dynamics. In addition, a comprehensive computational framework is established 

to integrate the microfluidic technology,  

Computational tools, and mathematical models for tumor angiogenesis phenomena and optimize 

influencing physiological factors. The cytokine transport within different interstitial flow 

conditions is simulated, and the geometrical parameters of microfluidic compartments are 

optimized to arrive at critical conditions favoring and opposing disease progression, with tumor 

angiogenesis as a specific example. To summarize, this area is anticipated to develop a greater 

understanding of diverse mechano-chemical cues in physiological pathways that regulate various 

aspects of health and illness, which have remained mysterious thus far.  

Keywords: organ-on-a-chip, microvasculature-on-a-chip, microfluidics, surface engineering, 

endothelial cells, hydrodynamics, disease modeling, tumor angiogenesis 
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This doctoral thesis presents a generic framework for providing end-to-end GPU-based solutions 

on isotropic remeshing of a two-dimensional manifold, which is given as input in the form of a 

triangle mesh. Based on the speci ed resolution, the mesh is rst voxelized, and then the voxelized 

surface is processed for centroidal Voronoi tessellation (CVT) with some well-de ned eld on the 

surface for a particular distance metric. Although there exists a multitude of CVT techniques for 

3D objects considered as discrete volumes, e.g., as sets of voxels, there is no signi cant work in 

the literature on CVT computation for voxelized surfaces. In this thesis we focus on this problem 

and propose a novel GPU-based algorithm for CVT computation on a voxelized surface. Its 

novelty rests on several fundamental ideas. Firstly, the digital surface, while being voxelized from 

a triangulated surface, comprises digital or voxelized triangles that are 2-minimal in topological 

sense. As a result, each voxel of the digital surface has the smallest possible neighborhood, which 

eventually limits the search space and aids in e cient computation. Secondly, as the optimization 

constraint, a novel formulation of Voronoi energy is used, which is easy to compute and leads to 

quick convergence of the algorithm. The GPU-based algorithm with related procedures and their 

complexity analysis have been discussed in detail, and related experimental results have also been 

furnished to adjudge the merit and usefulness of the proposed algorithm. For selection of seeds, 

needed for Voronoi tessellation, an e cient strategy of functional partitioning is used to partition 

the digital surface into a collection of functional components. 

We explore the concept of directional eld on voxelized surface for purpose of vertex regularity and 

feature preservation. We de ne rotationally symmetric vectors for each voxel in order to estimate 

eld energy. When combined with Voronoi energy, the eld energy provides an estimate of the 

uniformity of tessellation in each iteration. In the resultant tessellation, the Voronoi regions are 

mostly uniform in size and shape. As a result, the faces in the output mesh are predominantly 

isotropic in nature and the corresponding vertices are predominantly regular (i.e., of degree 6 for 

triangular mesh and of degree 4 for quadrangular mesh). In case of quadrangular remeshing, we 

show how Voronoi tessellation with chessboard metric on a voxelized surface results to square 

isocontours in a Voronoi region. Experimental results on di erent datasets have been presented to 

demonstrate its e ciency and robustness. 

In order to tackle the problem of Hausdor error of output mesh with respect to the input tri-mesh, 

we extend our technique to adaptive remeshing. For this, we use discrete curvature on voxelized 

surface. The size of each and every triangle in an output mesh is made to vary depending on the 

curvature of that region on the voxelized surface. To the best of our knowledge, existing CVT-

based methods on voxelized surface do not take curvature as input for remeshing. Further, in order 

to keep the length of the edges in output mesh close to the desired value, we formulate localized 

lattice energy that encapsulates edgelength along with directional eld. We combine Voronoi energy 
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and localized lattice energy in order to safeguard the overall mesh geometry while optimizing the 

necessary isotropic features. The lattice energy has certain advantages and disadvantages over eld 

energy, as discussed in the thesis. 
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The rapid increase of industrialization/manufacturing of synthetic chemicals causes ground/ 

surface water contamination and has become a serious threat to the environment. The global 

climate changes globally bring considerable attention to address the environmental-related 

concerns via a green and sustainable approach. In the current scenario, the advanced oxidation 

process is regarded as an alternative to new technological innovations for wastewater treatment. 

This method aids advantage over the conventional process of environmental remediation due to 

the formation of harmless byproducts, cost-effectiveness, easy accessibility, and prompt response. 

Among all AOP methods, the photocatalysis approach is envisioned to address the global concern 

via utilizing readily available sunlight. In this regard, semiconductor-based heterogeneous 

photocatalysis has driven significant attention around the globe. However, designing and 

developing suitable state-of-the-art semiconductor material, with improved properties such as 

enhanced visible light harvesting property and effective separation of charge carriers is a major 

challenge. On contrary to the single component semiconductor, the heterostructured 

semiconductor has shown unprecedented properties and characteristics towards the wastewater 

treatment via photocatalysis (AOP). However, developing a suitable visible light harvesting 

photocatalyst with diminished recombination of surface charge carrier and improved catalytic 

efficiency is yet a challenge to be addressed. Owing to the diverse properties and nature of 

heterostructures, in this thesis, we have attempted to synthesize various heterostructured materials 

via the simple wet-chemical method and explore their photocatalytic activity for the removal of 

toxic azo dyes, persistent organic pollutants, pharmaceutical along with heavy metal ion Cr(VI). 

The prepared heterostructured materials were well characterized through relevant analytical and 

spectroscopic techniques. The research works executed in this thesis are summarized in five 

chapters. In chapter 2, a highly porous spherical CeO2 with controlled morphology is obtained via 

the hydrothermal route. Then the properties of as-prepared CeO2 have been tuned via 

incorporating biocompatible organic sensitizer (Riboflavin) and reduced graphene oxide (RGO). 

The synthesized ternary hybrid has been investigated for methyl orange dye (MO) and p-

nitrotoluene (PNT) removal in an aqueous medium under visible light. In chapter 3 initially, a 

pyrochlore cerium zirconate Ce2Zr2O7 has been synthesized via solution combustion method, and 

after that its surface has been modified with S doped C3N4. The photocatalytic performance of the 

as-prepared samples has been examined through the degradation of 2,4-dichlorophenol (2,4-DCP), 

4-chlorophenol (4-CP), and phenol under visible light. In chapter 4, a carbon dot mediated all-

solid-state Z-scheme based ternary heterostructure BiOI-CD-CdS has been synthesized via 

solvothermal route followed by precipitation method and characterized in detail. The prepared 
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photocatalyst was executed for the degradation of 4-nitrophenol (4-NP). In chapter 5, an attempt 

has been made to improve the properties of BiOBr by making heterojunction with narrow bandgap 

ternary chalcogenide Cu2MoS4 via a two-step solvothermal route and to utilize this prepared 

heterojunction (Cu2MoS4/BiOBr) towards the photocatalytic oxidation of a model dye tartrazine 

(TZ) and 2,4-dichlorophenoxy acetic acid (2,4-DCPA), and photocatalytic reduction of Cr(VI). In 

Chapter 6, a highly efficient binary heterojunction (Cu3V2O8/BiVO4) system is achieved through 

the incorporation of visible light active Cu3V2O8 onto the surface of BiVO4 via a two-step 

hydrothermal method. The prepared heterojunction materials were characterized in detail and were 

identified to be effective on the photocatalytic degradation of Penicillin G (PG) and 4-chlorophenol 

(4-CP) in an aqueous medium.    
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Quenching and partitioning (Q&P) is a new processing route to develop multiphase 

microstructures consisting of decarburized martensite with a reasonable amount of carbonenriched 

metastable retained austenite. In this work, a low carbon (~ 0.2 wt. % C) steel suitable for Q&P 

treatment was designed and was prepared in the laboratory via melting and casting. Various semi-

empirical equations and thermodynamic software were used to understand the influence of 

alloying elements on the optimum quenching temperature (QTopt) which maximizes the amount 

of retained austenite at room temperature, critical cooling rate for martensite transformation, 

thermal and mechanical stability of retained austenite and cementite precipitation from austenite. 

An alternative method to quantify the Q&P microstructures using the dilatation data provided a 

close estimate of the amount of retained austenite stabilized at room temperature. 

Speer’s model which is commonly used to predict the QTopt and the corresponding amount of 

retained austenite was reviewed critically. A significant deviation between the actual QTopt and 

that predicted by the Speer’s model and the corresponding amount of retained austenite was 

observed which was attributed to autotempering of primary martensite during initial quenching, 

bainite transformation during partitioning, incomplete carbon partitioning from primary 

martensite, carbide precipitation and segregation of carbon atoms at dislocations. The Speer’s 

model, revised after incorporating some of these reactions, gives a good match between the 

experimental and predicted results. The amount of retained austenite and its carbon content was 

found to depend not only on the quenching temperature but also on the partitioning temperature 

and time. The formation of cementite from carbon-enriched retained austenite may take place 

when the duration of the partitioning treatment is relatively long.   

Studies on the microstructure-property relationship showed that the best combination of strength 

and ductility is achieved corresponding to the quenching temperature which yields the maximum 

amount of retained austenite possessing high stability. The yield strength (YS) of the Q&P steel 

was also calculated considering different strengthening contributions. Although the calculated YS 

of the Q&P samples was slightly overestimated, the overall behaviour of the YS with increasing 

QT was predicted correctly. Primary martensite has the highest contribution to the YS of Q&P 

microstructures for the lower QTs because of its higher volume fraction. Since the amount of 

bainite increased for the higher QTs, its contribution to the YS was higher.  

The carbon partitioning behaviour between primary martensite and untransformed austenite was 

examined using thermodynamic models such as constrained carbon equilibrium (CCE) and 

constrained carbon equilibrium incorporating carbide precipitation (CCE𝜃). The kinetics of carbon 

partitioning was predicted using DICTRA simulation. The actual carbon partitioning behaviour, 

estimated using X-ray diffraction and atom probe tomography (APT) analysis, was found to be 
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significantly different from the predicted behaviour. These discrepancies were interpreted based 

on the carbide precipitation inside martensite, incomplete carbon partitioning from martensite and 

the segregation of carbon atoms at dislocations or defects which were ignored during the 

thermodynamic calculations and DICTRA simulation.  

Some more studies on an alternative Q&P treatment were carried out where austenite 

stabilization at room temperature was achieved by Mn enrichment rather than C enrichment in 

austenite as in the usual Q&P treatments. The spheroidization treatment of the as-quenched hot-

rolled material resulted in Mn-enriched cementite particles dispersed in the ferrite matrix. During 

short-duration intercritical annealing of cementite and ferrite mixture, cementite dissolved to 

austenite and retained its high Mn content. Retained austenite that was stabilized after the short 

duration intercritical annealing and Q&P treatment of the spheroidized material possessed higher 

stability against deformation induced martensite transformation than the retained austenite 

stabilized in the as hot-rolled material.   

Keywords: Q&P steels, martensite, bainitic-ferrite, carbides, spheroidization, DICTRA, 

constrained carbon equilibrium.    
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With the introduction of Web2.0, e-learning paradigm has made several attempts to ease the 

existing way of online learning. These attempts range from offering a unified learning platform to 

furnishing learning materials of different modalities. However, these works eventually correspond 

to a particular subject domain, learning aspect, or educational objective in general. Another alley 

of this e-learning paradigm relies upon the freely available information on the Internet to enhance 

existing learning materials with relevant learning supports. To summarize, the existing research 

studies integrated some of the learning aspects while enhancing the learning process in a particular 

learning mode. They lacked a design to accommodate different aspects of learning and different 

modes of learning materials together. In drive to support integrated and multimodal learning 

aspects, the present work offers a system to augment learning materials of two modes: textual and 

video-based. We consider school-level textbooks as textual learning materials, whereas video 

lectures from college and university levels constitute the target video-based materials. Our system 

diagnoses these learning materials for conceptual deficiencies and remediates these gaps with 

augmentations considered relevant to these target concepts.  

Our textbook augmentation system recommends augmentations against conceptual deficiencies 

present in the textbooks. We have explored the possible conceptual gaps from existing literature 

and the textbooks to suggest three types of deficiencies (out-of-focus, sequentiality, and lack of 

relevant components). The present work employs a supervised machine learning-based approach 

trained on various features concerning the textbook’s discourse to identify these deficiencies 

automatically. Presence of a deficient concept asks for a comprehensive illustration of a set of 

concepts that are not adequately discussed in the concerned textbook. We address such deficiencies 

by retrieving relevant augmentations against keyword based queries formed with the deficient 

concepts, their contexts, and deficiency patterns. Retrieved augmentations are further filtered to 

ensure that they remain understandable to the target students. On the other hand, concepts from 

video lectures are considered deficient if they are introduced as prerequisites to other course-

relevant concepts. Being off-topic (out-of-scope in the current context), such concepts are not 

defined and discussed with necessary detail in the video lectures. The current work identifies such 

concepts and remediates these deficiencies by suggesting relevant augmentations. We model the 

concepts in a concept similarity network and compare the inter-concept relations in a semantic 

space to identify the off-topic concepts. To encode the inter-concept relations accurately, we 

explored the available similarity measures and analyzed the community structures through several 

community detection algorithms. Once the queries are generated, and augmentations are archived, 

we suggest a retrieval model for recommending relevant augmentations for each off-topic concept. 

Retrieved augmentations are further reranked to ensure that the top-ranked augmentation offers 

the most basic understanding of the target off-topic concept.  



 

 358 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

For a given concept, relevant augmentations are recommended using retrieval approaches. 

Question Answer (QA) pairs from community question-answering (CQA) forums are noted to 

offer an illustration that defines a target concept explicitly with necessary learning supports and 

introduces related concepts or techniques for further readings. Consequently, we augmented the 

textbooks with QA pairs relevant to a target concept. Due to the structural differences of the QA 

pairs from usual textual discourses, we proposed a two-stage retrieval approach to retrieve the 

textbook augmentations in the form of QA pairs. The proposed approach retrieves similar 

questions for a given query using a deep learning-based approach in the first phase. The second 

phase reranks the initially retrieved questions based on inter-question similarities. The suggested 

deep learning-based approach is trained using several surface features of texts, and the associated 

weights are pre-trained using a deep generative model for better initialization. The proposed 

retrieval model outperforms standard baseline question retrieval approaches. The proposed 

reranking approach performs inference over a similarity graph constructed with the initially 

retrieved questions and reranks the questions based on their similarity with other relevant 

questions. The suggested reranking approach significantly improves the precision of the retrieval 

task. On the other hand, the video lectures are augmented to offer a basic conceptual understanding. 

Accordingly, short video lecture segments are considered a suitable augmentation candidate. Such 

augmentations are fetched using a basic retrieval approach boosted withobjective-

specificrerankingstrategiesmodeledoverthefactorswhichdetermine whether the retrieved segments 

offer a basic understanding or not. 

The proposed textbook and video lecture augmentation systems have been deployed in a web-

based user interface to cater the augmented learning materials to the students. The effectiveness of 

an online learning process depends on accessibility of the suggested learning materials and 

usability of the concerned learning platform. Accordingly, we have developed an easy-to-use web-

based platform such that the overall learning experience seems integrated. 

We have suggested a thorough assessment plan combining both system-based and human-based 

evaluation tasks for each and every module that constitutes our proposed augmentation systems. 

System-based evaluation tasks are carried out by comparing a module’s predictions with the gold 

standard data. In contrast, human based evaluation tasks gather opinions from experts and target 

users to imply the quality of the predicted augmentations and usability of the developed learning 

platform. Our augmentation systems are developed over two corpora. One contains 28 Indian 

textbooks published by the Indian National Council of Educational Research and Training 

(NCERT). The other is formed with 68 video lecture courses published by the National 

Programmer on Technology Enhanced Learning (NPTEL). These corpora have been manually 

curated to create good quality gold standards by employing experienced subject matter experts. 

Our suggested system-based evaluation task shave as sassed the modules responsible for 

identifying deficienciesandrecommendingaugmentationsforbothtextbooksandvideolectures. 

Performances of these modules are established by comparing them with several baseline methods. 

The quality of the recommended augmentations is judged using expert opinions. At the same time, 

their significance in remediating the conceptual gaps is quantified by comparing the students’ 

performance in an equivalent pretest posttest setup. Both the system and human-based evaluations 

indicate that the suggested augmentations addressed the concept-specific deficiencies and provided 
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additional materials to stimulate interest among the students. Even so, the target users found that 

the interface was easy-to-use and showcased these augmentations effectively. 

Keywords: Augmenting learning materials, Textbook augmentation, Video lecture augmentation, 

MOOCs, Community question answering, Question retrieval, Structural reranking, Concept 

extraction, Deficiency diagnosis, Query generation, Off-topic concept identification, Concept 

similarity, Community detection. 
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AND FIRM PERFORMANCE: EVIDENCE FROM INDIAN 

MANUFACTURING INDUSTRY 

 
Pushpesh Pant  

Supervisors: Prof. S P Sarmah and Prof. Shantanu Dutta 

                             Department of Industrial and Systems Engineering  

                                                         Accession No.: NB17483 

 

Though a great deal of research has focused on supply chain complexity (SCC), existing literature 

has some major limitations. To begin with, past studies have not captured the multi-dimensional 

nature of structural (or tangible) SCC as it mostly focuses on the supply base structure and largely 

ignores the characteristics of the internal manufacturing process and customer base. In addition, 

the literature has examined the individual effects of structural complexity drivers to understand 

their performance implications. However, focusing exclusively on individual complexity drivers 

would hinder managers from getting a unified view of a firm’s structural complexity, because there 

exists a high level of interdependencies and interactions among complexity drivers. Moreover, 

supply chain literature lacks focus on intangible complexity components even though it is 

relatively more dominant than tangible ones. To our knowledge, no study has attempted to 

conceptualize intangible supply chain complexity (ISCC) and empirically examine its performance 

implications. Furthermore, the past research has addressed the importance of structural (or 

tangible) complexity and intangible complexity, however, it has largely ignored the nature and 

degree of firmlevel complexity in light of organizational structure (e.g., firms with interconnected 

supply chain and social network (e.g. business group firms (BGs)) vs. firms with less/no network 

resources (e.g. independent/standalone firms)). Firms tend to differ in terms of their organizational 

structure and thus the degree of complexity varies across firms, but literature has not addressed the 

SCC in light of the firm’s organizational structure. Finally, past studies have addressed the supply 

chain relational complexity that arises due to relationship-based transactions between buyer and 

supplier, however, they failed not addressed the relational complexity created through 

interconnected supply chain social network. To address the above-mentioned research issues, this 

study has empirically investigated the performance implications of SCC (e.g., structural, intangible 

and relational complexity) in light of the firm’s organizational structure. Drawing on the SCC 

literature, we devise and test a model that predicts the relationship between SCC and firm 

performance in light of organizational structure. The empirical findings suggest that tangible, 

intangible, and relational complexity have a negative and significant impact on firm performance. 

Additionally, it is observed that firms with interconnected supply chain and social network tend to 

have more complexity compared to their counterparts. Finally, results show that relational capital 

created through the interconnected supply chain and social network leads to lower supply chain 

performance and financial performance. Most importantly, it is revealed that supply chain 

performance mediates the relationship between relational capital and financial performance. In 

light of supply chain literature and relevant theories, the study empirically conceptualizes tangible 

complexity, intangible complexity and relational complexity and deepens our understanding of the 

relationship between SCC and firm performance in light of the organizational structure. Further, 



 

 361 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

it develops an objective understanding of SCC by relying on secondary panel data and thereby 

contributes to operations management literature.  

Keywords: Supply chain complexity, tangible complexity, intangible complexity, relational 

complexity, business group, firms with interconnected supply chain and social network, secondary 

data, manufacturing firms, firm performance, Tobin’s Q, ROA, dynamic capability view, social 

network theory, CHQ distance from major cities, supply base, customer base, internal 

manufacturing    
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Let G be a graph and I=I(G)be its edge ideal. We give an explicit description of the symbolic 

powers and compute the Waldschmidt constant for the edge ideal I=I (G) when G is the clique sum 

of two different length odd cycles joined at single vertex. We prove that regularity of (n+1)-th 

ordinary and symbolic power is equal for the edge ideal of same class of graphs. For a complete 

graph G, we describe the generators of the symbolic powers of the edge ideal I and also compute 

the Waldschmidt constant and the resurgence. Moreover for complete graph, we show that the 

edge ideal I satisfies dimI(s)/Is=0, and using this fact we prove that Minh’s conjecture is true for 

complete graph i.e. the Castelnuovo-Mumford regularity of the symbolic powers and ordinary 

powers of the edge ideal coincide. We construct a more general class of graph Gn, r, where Gn,r 

denote the graph with n vertices{x1,...,xn} in cyclic order and for each vertex xi consider the set 

Ai={xi−r,...,xi−1,xi+1,xi+2,...,xi+r}, where xi−j is the vertex xn+i−j, whenever i<j and 0≤r≤⌊n 

2⌋−1. In Gn,r, every vertex xi is ad-jacent to all the vertices of V(Gn,r)/Ai. Let I=I(Gn,r)be the 

edge ideal of Gn,r, we observe I satisfies dimI(s)/Is=0. We show that Minh’s conjecture is true for 

I. We compute the Waldschmidt constant and resurgence for the whole class. We investigate the 

Castelnuovo-Mumford regularity of ordinary powers, integral closure of powers and symbolic 

powers of squarefree monomial ideals for certain cases. We provide a lower bound for regularity 

of all the ordinary powers, symbolic powers and integral closure of powers of edge ideals of 

hypergraphs in terms of induced matching number. We show that for a square-free monomial ideal 

I, if dimI(s)/Is =0 for all s≥1 then regI(s)≤regIs≤regIs and if dimI(s)/Is=1 then 

regI(s)≤min{regIs,regIs}. We investigate Minh’s conjecture for the second power and using local 

Cohomology prove that if dimI(2)/I2≤1 or G is gap free then regI2=regI(2). We show that the 

regularity of ordinary powers and symbolic powers of edge ideals of complete d-umiform 

hypergraphs is equal.  

Keywords: symbolic power, regularity, edge ideal, Waldschmidt constant, resurgence number, 

symbolic defect, integral closure, induced matching number, co-chordal number 
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Indian roads in medium-scaled cities have observed a significant number of twowheeler users in 

recent years. It is observed that their volume varies depending on the prevailing weather 

conditions. While efficient mode selection in different weather conditions is an important issue for 

the convenience of commuters, their socioeconomic conditions are a major guiding factor for 

modal shifts. A detailed understanding of their character and actions is necessary for the efficient 

planning and management of transport networks under these conditions. The goal of the study is 

to understand the relationship between socio-economic status (SES) and mode change in different 

weather conditions with respect to two-wheeler users' work trips. It also tries to understand the 

relationship of importance of affordability, comfort, trip duration, reliability and maneuverability 

with respect to mode change across different weather condition. It also seeks to determine the 

significance of the above five factors and the perceived severity of different weather conditions 

across different socio-economic groups, followed by the formulation of predictive equations to 

predict mode change based on the socio-economic score of two-wheeler users under different 

weather conditions.  

For this study, weather conditions have been divided into ten categories, namely; Normal, Hot 

Day, Hot Humid, Heat Wave, Light Rain, Heavy Rain, Very Heavy Rain, Cold Day, Cold Wave 

and Cold with Precipitation (Indian Metrological Department, 2013). Two medium scale cities, 

namely; Raipur and Jamshedpur falling under composite climate according to Bansal and Minke 

classification are selected as case studies. Due to absence of Secondary data, primary survey of 

480 two-wheeler users from each city has been collected. Kuppuswamy Socioeconomic Status 

(SES) scale has been used to categories the respondents into five socioeconomic classes, namely; 

Upper Class, Upper Middle, Lower Middle, Upper Lower and Lower Class (Kuppuswamy, 1981).  

The main empirical findings of this study suggest a positive relationship between SES and mode 

change in all weather conditions except hot and cold weather conditions. The results further 

indicate that affordability is the main criteria for mode change across all SES classes followed by 

comfort. While considering mode change; trip duration, reliability and manoeuvrability were 

found statistically significant in some weather conditions but were not very important. Results also 

indicated that Upper class valued comfort over affordability in extreme adverse weathers like heat 

wave, heavy rain, very heavy rain and cold with precipitation conditions. Moreover, Importance 

of affordability increased and comfort decreased down the socioeconomic groups. Additionally, 

Very heavy rain appeared as most problematic inclement weather condition among commuters 

followed by heat wave, heavy rain and cold with precipitation. Hot and cold day were treated as 
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normal days. Conclusions from the study will help transportation planner/city planners in making 

optimal transportation decision in different weather conditions.  

Keywords: two-wheeler users, socioeconomic status, weather conditions, Affordability, comfort, 

trip duration, reliability, Maneuverability    
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The practice of public shaming for violating social norms goes into antiquity. This gradually lost 

its significance in modern industrialized societies. However, the advent of online social networks 

has facilitated quick and anonymous opinion sharing by the masses on virtually every issue. An 

unintended consequence of this has been the reappearance of public shaming in online social 

networks. In its new avatar, an online public shaming event can quickly become a global 

phenomenon having disastrous social and financial consequences for the victim. Most of the 

victims of such events happen to be ordinary people as opposed to public figures. The popular 

online social network platforms, however, offer little remedy to the victim in the unfortunate 

event of a public shaming. In this backdrop, this thesis proposes methods to detect, analyze and 

mitigate online public shaming events on behalf of the victims. 

In the three contributory chapters of the thesis, mitigation of shaming events is explored from 

three different perspectives. In the first one, the focus is on automatic detection of shaming 

utterances using machine learning. A platform named BlockShame is also proposed to shield 

victims from direct shaming attacks on Twitter. In the next chapter, opinion change of shamers 

and non-shamers is explored. The objective is to change the opinions of the shamers to non-

shaming. In the third contributory chapter, the effect of the victim’s response on event progress 

is studied. A response from the victim, which quickens the conclusion of the event, is preferred 

over the ones delaying it. Many disparate online shaming events examined in this thesis have 

been observed to share interesting patterns, e.g., the characteristics of the participants involved. It 

is hoped that this thesis would propel further research into managing public shaming events for 

ordinary victims. 

 Keywords: online publicshaming, shaming events, crisis management, online social networks 
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Bioinformatics houses a rich collection of research related to comparative genomics. This thesis 

addresses some of these issues and present several new theoretical findings, efficient algorithms, 

and computational aspects concerning the aforementioned research problems. This thesis first 

proposes a novel metric, called deformity index, to compute the correctness of a phylogenetic 

tree based on the existing biological knowledge of the clades. The strength of deformity index is 

that it does not require any complete reference tree. Therefore, this method can easily adapt itself 

with the present knowledge about the evolutionary relations among a set of organisms. Next, this 

thesis presents a novel technique viz. Genomic Footprint to represent a genomic sequence on a 

two-dimensional space. It follows a random walk model where the number of steps at each point 

is determined by different biological properties and sequence composition. Apart from that, this 

thesis demonstrates a novel multidimensional feature vector, called GRAFeat, and a distance 

function, callled GRADiF. Various statistical tests are performed to demonstrate that GRAFeat 

feature vector can extract evolutionary signatures from a genomic sequence and GRADiF 

distance function is suitable for using GRAFeat to compute distance between two sequences. 

Apart from that, the dimension of GRAFeat is significantly smaller than those of the state-of-the-

art methods. Hence, it can be utilized for the large-scale genomic studies. To examine its 

performance on large-scale genomic studies, this feature vector is utilize for classifying 

organisms based on their taxonomy ranks. Since computation of GRAFeat feature vector 

requires various hyper-parameters, this thesis first suitably determines these hyper-parameters 

from the sequence, dynamically. Finally, various supervised machine learning-based classifiers 

are applied on GRA Feat feature vector. Experimental results exhibit that the performance of the 

feature vector is significantly better than those of the existing methods. Finally, this thesis 

contributes a novel deep learning frame working phylogenetic study. To address this issue, it 

exploits Genomic Footprint and exhibits a novel convolutional neural network (CNN)-based 

model for inferring phylogenetic tree. Since the availability of true phylogenetic relationships are 

very limited, this thesis demonstrates a novel technique to utilize the simulated data for training 

and validation of the model. It is observed that the trained model can infer phylogenetic trees 

more accurately than that of the existing methods. Experimental results and detailed analyses 

have been furnished to present the usefulness and effectiveness of the proposed techniques.  
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Reverse auctions, also called procurement auctions, have been an important tool in procurement 

process for many decades now, in both public and private sectors. Multiattribute reverse auctions 

are an advanced form of this procurement tool where a buyer chooses the seller based on the 

assessment of non-price attributes like quality, time for delivery, maintenance requirements, 

distance, and other relevant factors along with the price. As the number of decision variables 

increases, complexity increases, making the process difficult for both the buyer and sellers. For 

the buyer, the decision support issues include winner determination, preference elicitation, 

determination of weights for attributes, choosing an appropriate auction model, and designing 

scoring functions. For sellers, issues are the determination of optimal bid to maximize his/her 

expected payoff, consideration of strong and weak attributes with respect to buyer‘s bid 

evaluation method, and so on. With this backdrop, we have framed three objectives with respect 

to multi-attribute reverse auctions: i) Developing a mechanism for designing optimal scoring, 

function and winner determination ii) Winner determination strategy for quality sensitive buyers 

iii) Winner determination mechanism with decision support for bidders. The scope of the thesis 

is limited to winner determination in sole sourcing, single-unit procurement auction scenario 

using a fully revealed scoring rule.   

In the first objective, we propose a two-stage reverse auction mechanism. The first stage is 

dedicated to price discovery, determining the cost functions of the sellers, and derivation of an 

optimal quasilinear scoring function for evaluating the bids. The second stage is for executing 

the auction and winner determination. We prove that the proposed model induces truthful 

bidding and is the dominant strategy for the participating sellers, through mathematical as well as 

simulation analysis. We also demonstrate the proposed auction mechanism with the help of a 

case study. While the proposed mechanism ensures truthful bidding, there is no guarantee for the 

buyers to get products with a better quality attribute, even when he is willing to pay more. This 

observation leads to the second objective, wherein we focus on determining the most suitable 

scoring function for winner determination when the buyer is quality-sensitive. We consider 

quasilinear, independent non-linear, and interdependent non-linear scoring functions for bid 

evaluation and compare the outcomes under different levels of competition through a large 

number of simulation experiments, observe the bid distribution pattern, and statistically compare 

them. We find that interdependent non-linear scoring rules are the best choice for quality-

sensitive buyers, specifically when the competition is high. While in the first and second 

objectives, the nature of the scoring function has to be decided by the buyer prior to the auction 

process; it requires a certain degree of experience to select the function with the right parameters. 

To deal with such situation, in the third objective we adopt an integrated DEA-BWM model for 

bid evaluation and winner determination. This model is transparent and does not require any 
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intervention from the buyer once the preferences for various attributes, including price, are 

announced to the sellers. This model is simpler for the buyer as she does not have to worry about 

determining precise weights for each attribute. For the seller, we propose a bid determination 

model, which helps him to formulate bids to beat the highest score in the most optimal way 

taking care of his profit as well as reservation quality values. We conduct simulation experiments 

to demonstrate that the proposed bid determination model not only results in increased profit and 

winning probability for the bidder but also gives higher utility to the buyer.  

Keywords: Multi-attribute auctions, winner determination, scoring auctions, quasilinear 

functions, non-linear functions, decision support, data envelopment analysis, simulation.    
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Organic-inorganic lead halide perovskite-based solar cells (PSCs) have shown great promise in 

solar energy harvesting. The superior optoelectronic properties of halide perovskites and 

application of various engineering techniques, like composition engineering, additive 

engineering, interfacial engineering, and fabrication process modification, led the power 

conversion efficiency (PCE) up to 25.7%. However, the perovskite solar cell fabrications are 

mostly done inside the glove box/ or controlled atmosphere, which is not suitable for commercial 

production.   

In this thesis, the process/protocols are developed to bridge this gap between lab-scale 

fabrication and commercial production. The devices are fabricated in air ambient conditions with 

controlled humidity (20% < RH < 35%). The electron transport layer (ETL), perovskite layer and 

interface between these two layers play a crucial role in device efficiency and stability. The 

successful synthesis of TiO2 and SnO2 ETL are optimized, and materials are characterized using 

various techniques such as SEM, AFM, XRD, UV-VIS, PL, I-V etc. It is observed that both the 

ETLs can be used as effective compact layers for perovskite solar cells. Further, the interfacial 

engineering at the ETL/perovskite interface by utilizing ionic liquid and antisolvents treatment 

produced homogeneous perovskite grains, reduced interfacial defects, and improved electron 

transfer efficiency. The optimized devices showed PCE over 16% with high reproducibility (~ 

90%). Furthermore, large-area perovskite film (5 x 5 cm2) fabrication is established using a 

multi-channel micropipette during antisolvent dripping, which resulted in homogeneous and 

pinhole-free perovskite films over large substrates. Importantly, the metal contact (back and front 

contact) recycling resulted in improved long-term stability with PCE retention of 85% after 3000 

hr. of dark storage under ambient conditions. At last, the role of the work function of back 

contact materials is explored using SCAPS-1D software on HTLfree PSCs. It is found that a 

work function of 5.4 eV or more results in the best efficiency.   

Keywords: Perovskite solar cells, Air ambient fabrication, Interface engineering, Ionic liquid, 

Antisolvent, Efficiency, Stability, Back contact work function  
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Direct conversion of heat to electrical energy using the Seebeck effect has a lot of potential in 

power generation. The widespread use of thermoelectric devices in everyday life is currently 

impractical due to their low conversion efficiency. So, the present work is carried out with an aim 

to improve the thermoelectric figure of merit (ZT) of n-type indium selenide (n-In4Se3) by tuning 

the carrier transport through the introduction of doping and microstructure modifications. To 

achieve a high ZT, thermal conductivity needs to be reduced with simultaneous enhancement of 

the power factor (S2σ, where S is the Seebeck coefficient and σ is electrical conductivity) or at 

least the latter should remain unchanged. Thus, in this work, the following three strategies were 

adopted, viz. (i) inclusion of indium nanoparticles together with Sedeficiency in In4Se3, (ii) iodine 

doping, and (iii) introduction of SnSe nanostructure in In4Se3. Moreover, density functional theory 

based calculations were performed to understand the structure property relationship in In4Se3. It 

is found that Se-deficiency and presence of indium nanoparticles in In4Se3-x reduced the thermal 

conductivity due to enhanced phonon scattering by point defects and nanoparticles in the system. 

At the same time, the power factor is also found to increase due to increased carrier concentration. 

For further improvement of carrier concentration, In4Se3 was doped with iodine. This has 

increased the electrical conductivity which leads to enhanced power factor in In4Se3-xIx 

compared to In4Se3. Simultaneously, the thermal conductivity is also found to reduce appreciably 

due to the effects of atomic mass fluctuations and grain boundaries. On the other hand, in a sample 

having phase separated composite of In4Se3 with SnSe, the thermal conductivity is found to be 

reduced significantly with a value of 0.54 W/m-K at 300 K due to scattering of lowand mid-

frequency phonon and low energy charge carrier filtering at the heterojunction between 

In4Se3/SnSe. The electrical and thermoelectric transport parameters in n-In4Se3 were measured 

in the present study in the temperature range 300 – 700 K. The lowest value of the thermal 

conductivity was observed in In4Se3 samples with SnSe heterojunctions whereas the highest value 

of ZT was found in Sedeficient In4Se3 with indium nanoinclusions, both at 700 K. Attempt has 

also been made in this study to analyze the structure-property correlation theoretically using local 

spin density and generalized gradient approximation in iodine doped samples on the basis of 

density functional theory.     

Keywords: Seebeck coefficient, thermoelectric, thermal conductivity, indium selenide, 

nanoinclusion      
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Global logistics industry involves all supply chain activities such as inventory management, 

transportation, information flow, customer service, and order processing. In terms of revenue, the 

global logistics market was worth USD 8185.46 billion in 2015, and it is predicted to reach USD 

15522.02 billion by 2023, rising at a CAGR of 7.5 percent from 2015 to 2024. In terms of volume, 

the market was valued at 54.69 billion tonnes in 2015 and is predicted to reach 92.10 billion tonnes 

by 2024, with a CAGR of 6% from 2016 to 2024 [1]. India is ranked as the fifth largest and one 

of the fastest growing economies in the world. A well-organized logistics ecosystem Is believed 

to be a catalyst for improving the competitiveness so fall areas of the economy. As a result, 

boosting supply chain efficacies and lowering logistics costs are critical for India to invest in 

strategic changes and achieve its precise goal of becoming a USD 5 trillion economy by 2025 [2]. 

The Indian logistics sector is worth USD 150 billion and accounts for 14.4% of the national GDP. 

Improving the Logistics is the foundation stone of the Government’s endeavor to achieve the 

‘Aatma Nirbhar Bharat’. In supply chains, freight transport and logistics play a key role in the 

smooth movement of inputs and completed goods. One of the most difficult aspects of developing 

logistics networks is balancing planning decisions with sustainability. The most significant 

challenge in the logistics industry is the high cost of fuel that influences the transportation expenses 

as well. This thesis mainly aims at efficient and effective transportation management in the freight 

logistics sector considering real life and complex decisions especially for the maritime industry. It 

emphasizes on the importance of developing decision-making models that include cargo shipment 

cost minimization, vehicle speed optimization, reducing carbon emissions, freight revenue 

maximization, and handling critical uncertainties inherent to the freight logistics operations. It 

studies more specifically the trade-offs that are necessary to design efficient logistics networks 

while considering various environmental aspects, thus improving chances to take this step toward 

sustainability. Reducing bunker consumption and carbon footprint in the marine transportation is 

one of the major issues as it relates to sustainability. The total fuel used and carbon emissions from 

the vessels are strongly intertwined. There is a need to look into probable options for bunkering 

management and carbon emission reduction in shipping. 

In the first stage, this thesis optimizes the vehicle speed for batches of vehicles while goods being 

shipped to customers to minimize the supply chain cost under uncertain demand and to reduce the 

vehicle related carbon emissions. The problem of regulating vehicle speed at each stage is 

disintegrated into a set of subproblems. They can be easily dealt with first approximating by 

dynamic programming formulation. Then a set of differential equations associated with total costs 

can be obtained from the formulation and solved. Furthermore, a numerical case study related to 

truck transportation is provided to realize the advantages of varying speed policy over fixed speed 

policy. 
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Duetoasubstantialgrowthintheworldwaterbornetradevolumesanddrastic changes in the global 

climate accounted for CO2 emissions, the shipping companies need to escalate their operational 

and energy efficiency. Therefore, in the second stage, a multi-objective mixed-integer non-linear 

programming (MINLP) model is proposed to simultaneously determine the optimal service 

schedule, number of vessels in a fleet serving each route, vessel speed between two ports of call 

on each route, and flow of cargo considering transshipment operations for each pair of origin-

destination. This MINLP model presentsa trade-off between economic and 

environmentalaspectsconsideringtotalshippingtimeandoverallshippingcostas the two conflicting 

objectives. The shipping cost comprises of CO2 emission, fuel consumption and several 

operational costs where fuel consumption is determined using speed and load. Two efficient 

evolutionary algorithms are applied to solve the proposed problem. 

Liner transportation companies are concerned about generating revenue. Operational cost cutting 

and increased freight revenue are the two most important factors of boosting shipping profit. The 

cost of bunker fuel and various other relatively fixed costs are included in the operating cost. 

Bunker purchasing has a direct impact on shipping profitability. With bunker fuel expenditures 

surpassing 60% of voyage costs, it is the most expensive operating expense for ship owners. Slight 

change in bunker fuel price or consumption might result in a significant change in bunker fuel 

expense. As a result, controlling bunker fuel usage and choosing bunkering ports are critical to 

lowering bunker fuel costs. The majority of freight revenues comes from transportation of 

containers. Considering these points, we have solved a fuel bunker management problem along 

with the speed optimization, schedule design, cargo flow with transshipment and fleet deployment 

for liner shipping networks in the third stage. 

Digitalization is constantly altering company paradigms and expanding cross border supply chain 

prospects. Since maritime shipping services need to exchange a huge number of papers and 

paperwork across numerous companies, the usage of a unified platform for inter-organizational 

communication and information sharing is required. To develop an integrative, adaptive and 

intelligent container booking system, a multi-agent architecture is designed in the fourth stage. The 

proposed architecture will aid the maritime industry in establishing real-time information 

interchange between autonomous agents, shippers, freight forwarders, and shipping lines. The 

process outlined in this thesis reveals how the agents communicate with one another to resolve 

underlying inconsistencies. With the multi-agent framework, the thesis presents a container slot 

optimization problem considering market segmentation, different booking periods, heterogeneous 

containers and port congestion scenarios. Using this model the managers can find the booking limit 

for each type of containers and accordingly they can accept or reject the incoming booking 

requests. 

In a nutshell, this research mainly focuses on developing different decision support models that 

lead to an efficient and cost-effective freight transportation system.  

Keywords: sustainable shipping, vehicle speed optimization, maritime shipping, bunker fuel, 

freight revenue management, container booking system. 



 

 373 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

STRUCTURAL DESIGN OF RBI STABILIZED MINE OVERBURDEN 

BASED HAUL ROAD PAVEMENT USING FINITE ELEMENT 

MODELING TECHNIQUE 

 
Soumya Ranjan Mallick  

Supervisors: Dr. K. Uma Maheshwar Rao and Dr. Abhiram Kumar Verma 

Department of Mining Engineering 

Accession No.: NB17492 

A well-stabilized haul road plays a vital role in achieving high productivity from an opencast mine.  

The failure of haul road leads to an increase in airborne dust, reduced traffic mobility, increase in  

cycle time, increase in the frequency of vehicle maintenance, and fuel consumption.  Potholes, 

rutting, and corrugations are major failure modes observed in haul roads. Other problems include 

the slushy and slippery pavements. Sometimes, issues of haul road are due to a mismatch of its 

load-bearing capacity with dumper capacity.  In such cases, enhancement of the load-bearing 

capacity of haul road is of primary importance. This research conducts laboratory tests on coal 

mine overburden materials such as murrum, Top Soil, and Sub Soil stabilized with commercial 

additive “Road Building International (RBI)” to check their suitability as pavement layers. The 

laboratory tests conducted on these materials include physical, mechanical, chemical, and micro-

structural analyses. The test results show that un-stabilized murrum, Top Soil, and Sub Soil are 

unsuitable for mine haul road pavement material. In contrast, the strength gain of developed 

composite is better for murrum, followed by Sub Soil and Top Soil. One-way and two-way analysis 

of variance (ANOVA) shows that overburden material type contributes more to the mechanical 

properties than the RBI percentage. Developed multiple linear regression model between physical 

and mechanical properties shows an excellent coefficient of determination. Three-dimensional 

linear finite element models are developed to assess the pavement's structural design of the best 

overburden material (i.e., Murrum) in terms of strain and deformation. The effect of the modulus 

ratio is found to be more significant than the thickness ratio between the base and sub base layers.  

A design chart is developed based on deformation and strain output from the finite element model 

to select the thickness and material property of the base and sub base of the pavement.    

 

Key words: Haul road design, RBI, Regression model, ANOVA, Finite element models, Design 

chart    
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Learning from large datasets becomes more tractable if it is kept unsupervised, since annotating 

large datasets may not be possible in many cases. Even if they are taken up, the task is tedious and 

may involve ambiguity. Traditional clustering algorithms require high computation time and large 

memory for large datasets. Hence an efficient mechanism is needed to reuse them in large datasets. 

The primary focus of this thesis is to develop techniques to deploy well-known traditional 

clustering algorithms for large datasets. 

 

This thesis presents a novel Cluster Number Assisted K-means (CNAK) clustering algorithm. This 

algorithm learns a suitable value of K along with the clustering. It is appropriate for a large dataset. 

The CNAK algorithm is developed based on two observations: a) with an efficient size, a randomly 

sampled dataset may produce the characteristics of the original distribution, and b) for true K, 

centroids obtained from sampled dataset approximate cluster centroids of the original dataset. 

This thesis also presents Incremental Prototype-based DBSCAN (IPD) clustering algorithm. IPD 

has the capability of identifying arbitrary-shaped clusters where CNAK fails. Unlike the DBSCAN 

algorithm, where for every cluster all its members are required to be stored, the IPD algorithm 

chooses a set of representatives for each cluster. This scheme helps to serve a new query by 

assigning cluster labels of the nearest representative. 

 

This thesis also studies an objective function that was previously used in logistic regression. The 

goal of the objective function is to balance class separation, class balance, and classifier 

complexity. This work extends the above concept to develop a clustering algorithm in a deep 

learning framework. Since it reuses the feature learning and extraction by any existing deep 

network, the algorithm is named RECAL (Reuse of Established CNN classifier Apropos 

unsupervised Learning paradigm). This clustering methodology shows its ability for land cover 

analysis of remote sensing images. 

 

Keywords: K-means, Cluster validity index, DBSCAN, Large-scale data, Random sampling, 

Deep clustering 
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The rapid advancements and increasing popularity of modern internet-connected devices have 

triggered their overwhelming adoption in almost every aspect of contemporary life and work. The 

enormity of data-oriented user interactions in the connected world ecosystem also creates an 

alluring and coveted threat surface for an adversary to compromise the security and privacy of 

millions of consumers and jeopardize the economy of numerous business organizations. The 

existence of such threats makes a safe and secure operation within the ecosystem more demanding. 

In this thesis, we first resort to the benefits of unparalleled real-world decision making performance 

of Machine Learning (ML) / Deep Learning (DL) algorithms to develop security-critical 

applications for safe and secure operations in a connected world ecosystem. However, the growing 

success of such ML/DL algorithms also attracted the attention of numerous adversaries for 

exploiting different vulnerabilities in these applications. The malicious intentions of these 

adversaries pose a serious concern over their security and integrity, especially in security-critical 

applications. Hence, in the second part of the thesis, we aim to develop countermeasures to uphold 

the integrity of ML/DL applications against such serious threats and also preserve their compelling 

efficiency. 

An adversary can employ a multitude of malicious activities in the connected world ecosystem 

like injecting malware programs, encrypting data using ransom ware, stealing the secret key of a 

cryptographic computation using shared resources, and fault injection. In the first part of the thesis, 

we first develop a dynamic malware detection approach using a lightweight statistical hypothesis 

testing methodology guided by gradient-based back propagation, which is especially useful for 

embedded platforms. Next, we develop a ransom ware detection approach advocating the benefits 

of LSTM-based auto encoders by analyzing the hardware footprints of unknown programs, which 

are hard to formalize and difficult to manipulate for an adversary to conceal its behavior. Next, we 

develop a generalized approach to contemplate large class of micro architectural side-channel 

attacks by analyzing multiple hardware resources simultaneously using the benefits of various ML 

algorithms. Then, we develop a inherently fault-tolerant crypto graphic primitive instead of having 

any add-on redundancy-based countermeasures leveraging the fault-tolerance property of Neural 

Network architectures. 

The success of ML/DL-based applications in the connected world ecosystem has been severely 

hindered with the advent of adversarial attacks, where an adversary intends to mislead an ML/DL 

classifier from its correct classification by manipulating a legitimate input with a visually 

imperceptible noise. In the second part of the thesis, we first propose an ensemble-based detection 

of adversarial attacks by introducing a transformation in the input domain that promotes lower-

level, less important features to develop an ensemble of models with diverse decision boundaries. 

Next, we extend the notion of ensemble-based detection of adversarial attacks by proposing a loss 

function that promotes misalignments of gradients responsible for adversarial attacks among all 

the models within an ensemble and that does not require any modification in the input dataset. 
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Keywords: Malware, Ransom ware, Micro-architectural Side-Channel Attacks, Fault Attacks, 

Adversarial Attacks, Deep Learning, Countermeasures 
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Urbanisation causes the expansion of artificial surfaces. The lack of permeable surfaces with trees 

and green areas aggravates the problems of extreme weather events by disrupting local water 

balance, evapotranspiration processes, and water channels. The risk due to extreme weather events 

is more pronounced in large-size cities owing to the dense concentration of people and 

infrastructure. The vast amount of data available remotely sensed and otherwise may be used to 

explain the changing nature of cities.   

 

The research gaps are identified after reviewing the literature on the influence of terrain and streets 

on urban morphology. This thesis explores whether thriving cities share a particular set of common 

properties in coupling human-natural systems. Several works have recorded the resemblance 

between geometries of the street and territorial structure which is re-examined using a global 

dataset of cities.  

 

The analysis uses a large sample of 64 cities representing the urban world. First, a pilot study is 

performed on four cities to ascertain the influence of terrain on the street network. Next, statistical 

and spatial analysis is carried out to quantify the spatiostructural similarity between the co-located 

networks. The analysis reveals patterns that vary with city size and water balance indicators. The 

results helped formulate the last objective, which assesses the share of vegetated spaces in the 

locations based on feature values of the co-located networks.   

 

The work reveals that for 43 out of 64 cities the correlation between the street and terrain is 

significant. The value ranges between -0.2 and 0.2 for large cities, while the absolute value is more 

than 0.2 for fifty percent of the smaller cities. The values indicate that the influence of terrain on 

street network wanes as the city grows. Additionally, the work empirically shows that as the share 

of vegetated areas in cities reduces, extreme weather events increases. The results show how 

feature values of the co-located networks can act as placeholders for identifying locations to 

incorporate nature-based solutions.  

 

The city's expansion and transformation are unstoppable. However, it is possible to channelise and 

organise them to adapt to changes. Here, this thesis derives theoretical and practical insights from 

empirical analysis of cities representing the urban world.    

 

Keywords: Cities, Streets, Terrain, Networks, Greenness Index 
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Immiscible liquid-liquid co-flow is frequently encountered in a variety of industrial processes 

involving reacting and non-reacting systems. Miniaturization intensifies such processes by 

increasing the range of plug flow which is characterized by large surface to volume ratio. 

Accordingly several studies are reported on plug flow in reduced environment. The past survey 

(Chapter 1) shows that a majority of such studies are in microchannels. Mesoscale which retains 

The advantages of miniaturization without compromising on the throughput, pressure drop and 

Fabrication cost/ease is less explored. The present study experimentally and analytically 

Investigates immiscible liquid-liquid co-flow in mesochannel. The objective is to understand 

Biphasic flow physics in mesoscale where the body force and surface force are comparable, 

With a focus on the orientation effects on flow dynamics. 

 

Experimental studies are carried out in four co-flow orientations of a glass conduit of diameter 

2.38 mm and length 1m for both reacting and non-reacting systems. The methodology is detailed 

in chapter 2 and the experimental results are presented in chapter 3 reveal a subtle role of 

orientation in mesoscale liquid-liquid co-flow. A balance between surface, inertial, viscous and 

body forces results in either segmented flow where dispersed phase is distributed as plugs/droplets 

in the carrier phase, or thread flow where dispersed phase flows as a continuous thread through an 

annular film of the carrier phase. The relative ranges of existence of droplets and thread vary with 

conduit orientation. We also note fluid entry arrangement to influence droplet detachment in 

horizontal conduit. Plug generation by squeezing, dripping and jetting mechanisms is observed in 

the same device by a mere change in conduit orientation generating droplets of varying 

characteristics. While upflow promotes monody spersed plug generation, downflow is more 

conductive for thread flow and droplets rather than plugs are formed in horizontal flow. An in-

depth investigation of plug generation cycle over a wide range of flow velocities suggests 

polydispersity to increase as thread pinch off occurs further from T-entry. 

 

The experimental observations are explained from a simplified analysis based on momentum and 

energy considerations as explained in chapter 4. The proposed analysis considers fluid properties, 

flow rates, conduit dimension and flow orientation as the defining parameters. Albeit the 

approximations, the model has successfully predicted thread pinch off for the present experiments 

and highlighted the orientation effects. 

 

A mathematical analysis based on energy minimisation principle to predict the flow patterns for 

liquid-liquid co-flow in mesoscale is presented in chapter 5. The total energy of the system 

expressed in terms of flow and geometric parameters is minimised using a multivariate non-linear 

optimization method. The flow morphology corresponding to the  
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minimised total energy is inferred as the most stable pattern at the tested flow conditions. The flow 

patterns and parameters predicted for different flow orientations are validated against experimental 

observations of the present study and also against available data from literature. 

The experimental results on reacting system are presented in chapter 6. A mass transfer limited 

fast reaction is employed and segmented flow is found to give better reaction conversion than other 

patterns. It is further observed that the interfacial reaction induces changes in phase properties and 

alters the flow dynamics. This in-turn influences the further reaction progress. The study sheds 

light on the inter-relationship between flow dynamics and reaction which needs to be taken into 

account during reactor design.   

 

Keywords: Biphasic liquid co-flow, process intensification, mesoscale, squeezing, dripping, 

jetting, monodispersity, interfacial reaction, orientation effects 
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Novel biomimetic routes to develop ecofriendly carbon capture, utilisation and sequestration 

(CCUS) processes is a challenging area of research. Recent years have seen an increasing interest 

in the utilisation of some selected family of enzymes to carry out effective and efficient 

bioconversions in various dimensions of research and industrial sector, such as energy, 

pharamceutical, health, chemistry, agricultutre, and others. However, for several applications, 

these natural occuring enzymes are not contemplated to be viable owing to their poor stability at 

elevated temperatures. Over the years, the quest for ultra-modern enzymes with high potentialfor 

biotechnological applications has evolved serveral complementary approaches, such as rational 

protein design engineering and mining enzymes variants from thermophiles living at high 

temperatures (323-363 K), to develop more stable enzymes. In this context, carbonic anhydrases 

(CAs) active at higher temperatures are of extreme interest. To this end, we first employed the 

supervised machine learning (ML) algorithms to untangle the potential patterns behind protein 

thermo stability. Our computational analysis conclusively shows inverse gamma turns, VIII turns 

and propensity of CYS to be the most critical features responsible for protein thermo stability. 

From the propensity analysis of amino acids, polar residues, GLN and SER, and charged residues,   

GLU and LYS, were found to favour the enhancement of protein thermo stability. 

 

The fastest member of the CA family catalyzing the reversible hydration of carbon dioxide to 

Bicarbonate ions has been recently reported to be SazCA. Due to the potential of practical 

implementation of this enzyme in CCUS, we examined the structure and dynamics of thermostable 

SazCA, probed using molecular dynamics (MD) simulations. The widely used bimolecular force 

fields (AMBER99SB∗, CHARMM22, CHARMM36 and OPLS-AA) in conjunction with TIP3P 

water model were investigated to describe the molecular system and the comparison MD 

simulation results suggested AMBER99SB∗ to be a suitable choice to describe the structure and 

dynamics of SazCA. Our high temperature MD simulations identified the amino acid residues 

VAL98, ASN99, GLY100, LYS101, GLU145 and HIS207 as the most flexible residues. In 

addition to this, ion-pairs ASP113-LYS81, ASP115-LYS81, ASP115-LYS114, GLU144-

LYS143, and GLU144-LYS206, were responsible for the compromised thermostability of SazCA. 

In this series of studies under the MD framework, next we attempted to gain insights into the 

thermodynamic stability of SazCA and its implications on protein folding/unfolding. The 

structural analysis showed that the protein exhibited the highest structural stability at 353 K and 

the protein denaturation occurred above 353 K. The thermodynamics analysis of protein stability 

revealed that the conformations that denature at higher melting temperatures tend to have greater 

maximum thermal stability. Our simulations revealed that SazCA has the highest melting 

temperature at 353 K, which was close to the experimental reported optimum temperature. The 

energy landscape confirmed a transition in folding/unfolding pathways of SazCA at 353 K. 

Further, in this series of MD studies of SazCA, we induced a single point GLY100ALA mutation 

in SazCA and examined the factors governing the stability and flexibility of the mutated form, and 

compared it to that of the wild type. We observed higher structural stability and lesser residual 
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mobility in the mutated SazCA. Improved H-bonding due to GLY100ALA was observed and 

GLYALA100 mutation was responsible for the increment in helical contents in the mutated 

SazCA, while GLY100 compromised the secondary structure contents in the wild type. A strong 

network of ions-pairs and high local structuring of the solvent molecules at the protein surface 

contributed to the enhanced stability of the mutated protein. 

 

Apart from the thermostability of SazCA, we also attempted to explore the molecular basis for the 

exceptional activity of SazCA, in contrast to SspCA, under the framework of MD simulations. Our 

simulations, carried out at different elevated temperatures, indicated the presence of efficient 

proton shuttle between the active zinc center and HIS64 residue in the two enzymes. The proton 

accepting HIS64 residue was identified to have “in” and “out” conformations with the in 

conformations being supportive to proton acceptance. Our simulations showed a large population 

of in conformations in SazCA making the enzyme exhibit an exceptional activity. The structural 

analysis confirmed the role of HIS2 and HIS207 in supporting the attainment of in conformations 

in SazCA resulting in exceptional activity. The molecular details provided in this comprehensive 

study is expected to provide a vital guide to make new thermostable variants for industrially viable 

CCUS processes. 

 

Keywords: thermostability; machine learning; carbonic anhydrase; SazCA; molecular 

simulations 
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Blending of polymers gained growing interest as it offers tailored properties utilized for suitable 

applications cost effectively. Fluor elastomers (FKM) are extensively utilized for their 

extraordinary oil and heat resistance properties, chemical inertness along with their remarkable 

mechanical properties owing to strong carbon-fluorine bonds. However, it lacks in low 

temperature flexibility and possesses inferior process ability due to high Mooney viscosity. 

Conversely, silicone rubbers are well known for their extremely superior low temperature 

properties, excellent processing behavior, chemical resistance, insulating properties and weather 

ability. Hence, blending FKM and methyl vinyl silicone rubber (MVQ) rubber can improve the 

low temperature properties and the processing behavior of the FKM, in addition to the oil 

resistance characteristics of silicone rubber. FKM and silicone rubbers form an immiscible blend 

due to the huge mismatch of solubility parameter. Therefore, to achieve a technically viable blend 

system, certain novel routes of compatibilization have been attempted. For this entire work, the 

advanced polymer architecture based fluoroelastomer and two different grades with varying 

Mooney viscosity of silicone rubber has been taken.  A meagre amount of fluorosilicone rubber 

and FKM/MVQ based graft compatibilizers were used as compatibilizers. Moreover, the 

nanofillers like silica/carbon black-silica hybrid filler and externally added third components such 

as glutaraldehyde were also utilized to improve the compatibility between FKM and MVQ phases. 

It can be seen that the blend system compatibilized by very minute amount of fluorosilicone rubber 

(2.5 phr) filled with carbon black-silica hybrid filler (15 phr) shows the foremost property in terms 

of ageing resistance, rheological behavior, and thermal stability along with physic mechanical 

properties. The glutaraldehyde loaded FKM/MVQ blend system depicts a significant increment 

(34% tensile strength and 107% tear strength increment) in physicomechanical properties 

compared to the readily available fluorosilicate rubber. However, the graft compatibilizer loaded 

blend system does not attain satisfactory enhancement of the properties in comparison with 

expensive fluorosilicone rubber. Altogether, the efficient compatibilization of FKM/MVQ blend 

has been achieved cost-effectively with superior properties to the fluorosilicone rubber. Hence this 

blend system can be a substitute for replacing the expensive fluorosilicone rubber in various facets 

of industrial applications such as oil and fuel resistant seals, gaskets, O-rings, heat resistant smoke 

dampers, diaphragms and so on.   

  

Keywords: Compatibilization, Fluoroelastomer, Silicone rubber, Fluorosilicone rubber, Polymer 

blends, Super specialty blends, Heat and oil ageing. 
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Flooding-induced phosphorus (P) dissolution causes favorable P regimes in lowland rice soils, but 

non-flooded rice production systems would reduce the P bioavailability that may have yield-

limiting impacts. The present study aimed to evaluate the effect of different system-based sole 

fertilizer and integrated P management in improving productivity, economics, and P use efficiency 

of the non-flooded rice-lentil systems in tropical alkaline soil. Field experiments involving two 

non-flooded rice production techniques with seven different system-based P management 

treatments were conducted during 2015-2018 at Kanpur, India. The non-flooded rice cultivation 

techniques were direct seeded rice (DSR) and system of rice intensification (SRI). The system-

based P treatments [subscript value represents fertilizer-P rate (kg P ha-1) to rice and lentil, 

respectively]  were P control (P[0-0]), three sole fertilizer-P treatments with variable rate (P[22-

22], P[33-11], P[11-33]), and three integrated treatments ([P11-11+phosphate solubilizing bacteria 

(B)], [P16.5-5.5+rice residue recycling (RR)+B], [P5.5-16.5+lentil residue recycling (LR)+B]). 

The yield potential of DSR was lower than SRI crop, attributed to the reduced root growth, 

suboptimal N nutrition, and sink inefficiencies. The DSR system favored lentil performance over 

the SRI system. The non-flooded rice production significantly reduced P availability (6-9%) in 

rice season compared to the flooded-rice production. The integrated P management involving 

suboptimal P rate with rice residue recycling and bacterial inoculation treatment (P16.5-

5.5+RR+B) significantly increased Olsen-P in the rice (6-8%) and lentil (10%) crop seasons over 

the recommended sole fertilizer-P treatment (P[22-22]), leading to higher system productivity 

(8%), agronomic P use efficiency, fertilizer-P recovery efficiency, and net return (15%). The 

integrated treatment ‘P16.5-5.5+RR+B’ resulted in higher soil NaHCO3-extractable P (11%), 

dissolved non-reactive P (6%), macro-aggregates (13%), active carbon pools (8%), and water 

holding capacity (6%) over the treatment ‘P[22-22]’. The positive correlations of soil aggregation, 

labile C pools, and microbial biomass carbon with Olsen-P demonstrated their significance in P 

cycling. The marginally negative P balance in the crop residue recycling integrated treatments 

suggested that fertilizer-P rate needs to be precisely adjusted to ensure a positive balance. Hence, 

rice residue recycling integrated P management could improve soil P availability, system 

productivity, and profitability in the non-flooded rice-lentil systems, and save costly fertilizer-P.  

  

Keywords: Alkaline soil, Apparent P balance, Crop yields, Non-flooded rice, P pools, P use 

efficiency 
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In the twenty-first century, one of the most calamitous consequences of misfolded proteins is 

protein aggregation inside the biological system to produce toxic amyloids, which impair normal 

functioning of cells and trigger symptoms of various life-threatening disorders, commonly known 

as amyloidosis. Surprisingly, no particular medications are available for clinical therapy to prevent 

amyloidosis. Hence, extensive research in that area is very much necessary to overcome 

amyloidosis-related diseases. 

 

The present thesis is focused on possible ways to prevent amyloidosis or removal of fibrils. Firstly, 

a novel Nano composite biomaterial has been established by making use of grapheme quantum 

dots (GQDs) based series of Nano composites and a modified GQDs that exhibited super 

disintegrating properties for amyloids (reversal of monomers from amyloids). In the next work, 

some small organic molecules have been well-thought-out to assess whether these molecules can 

modulate the fibrillation process or not to prevent the forward process toward matured fibrils.   

 

The detailed experimental results highlight that our as-synthesized nitrogen-doped-GQDdecorated 

cobalt hydroxide (Co-NGQD) showed a very high degree of alienation of insulin amyloids (AIns), 

which gets reflected in the diminution of thioflavin T fluorescence (arising out of amyloid fibrils) 

more than 85% even at 10 µg/mL dose. Besides, AIns get reverted exclusively into soluble 

monomeric insulin forms. Importantly, cytotoxicity of the end products after administration of Co-

NGQD to AIns has been found to be drastically diminished in the presence of Co-NGQD. We 

expect that our findings provide a valuable synergy toward eradicating amyloidogenic diseases by 

simple application in the form of nanomedicine.   

 

In the next study, we have introduced two small organic molecules, folic acid (FA) and 

methotrexate (MTX), to prevent serum albumin fibrillation. In the presence of FA, the thermal 

fibrillation of bovine serum albumin (BSA) is considerably suppressed, and that with human serum 

albumin (HSA) is almost fully suppressed. On the other hand, MTX completely prevents both 

BSA and HSA fibrillations. These discoveries are also expected to provide clinical potential 

therapeutic values for possible medications with structural similar small organic molecules. 
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Obtaining no-maintenance, self-healing and long-lasting surface finish is a panache for surface 

engineering, not only because of aesthetics, but also to meet the desirable functionalities of the 

concerned products. Circumventing several constraints of structured superhydrophobic interfaces 

that rely on the action of a metastable gas-gap between the topographical elements on the substrate 

and the incipient liquid, the proposition of liquid infused slippery surfaces (LISS) having stable 

lubricated film layers has been advanced in recent times. However, despite such rapid emergence, 

several unaddressed facets regarding their functionalities under extreme conditions remained to be 

prohibitive against their use in real-life industrial applications.  

 

The aim of the present dissertation, accordingly, has been to advance controlling the fundamental 

stabilization dynamics of liquid infused slippery interfaces and apply the same to polymeric, 

metallic and paper-based substrates. Within the broad purview of fabricating functional liquid 

induced slippery interfaces having favourable stability under practical deployment, following 

specific aspects have been explored: (i) the effect of sticky hierarchical surface morphology on the 

stability of a non-spreading liquid film; (ii) the modes of thermal degradation of the lubricating 

liquid layer fabricated on a metallic substrate; (iii) the effect of lubricating layer viscosity on 

droplet impingement equilibration on the LISS; (iv) facile fabrication of LISS on a filter paper 

towards the proposition of an economical, biodegradable, and flexible alternate to the traditional 

LISS base materials.  

 

In chapter 2 of the thesis, it is shown that a liquid with a negative spreading coefficient on a solid 

surface that otherwise dewets spontaneously can be stabilized to form a LISS film by harnessing 

rose-petal mimicking microstructrues that are interspersed with nano-wrinkles having a very 

strong anchoring with the oil layer and thus arresting in retracting motion of oil on a cross-linked 

solid PDMS (poldimethylsiloxane) surface. In chapter 3, LISS is fabricated on a metallic surface, 

with an aim of probing any possible mechanism of thermal denaturation of the lubricating layer at 

elevated temperatures. It is found that the LISS can repel low surface tension liquids even at high 

temperature. However, two major modes of thermal are deciphered. One is due to thermal 

oxidation and another is due to gradual deposition of soot particles on the lubricating layer when 

exposed to repeated heating and cooling cycles. While the samples that have undergone oxidative 

reduction are not restorable, the samples that had lost slipperiness due to repeated exposure to high 

temperatures are shown to be restored by replenishing the silicone oil layer. In chapter 4, drop 

impact on LISS is investigated. The overall equilibration time for the droplet post impingement is 

shown to be critically dependent on the lubricating oil layer. The consequent dynamical events are 

shown to behave like an underdamped oscillator, with a dissipation characteristic that follows from 
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the counteracting contributions of the droplet phase and lubricant phase on the contact line as well 

as the rheological phenomena. In chapter 5, a liquid infused slippery interface on cellulose filter 

paper is fabricated and standardized. The filter paper is first functionalized with a silane monolayer 

coating, and subsequently infused with silicone oil. These interfaces are then successfully tested 

for durability under water as well as resistance to ice-formation and removal cycles. The paper 

strips, thus fabricated, are thus premised to serve as a readymade platform for various fundamental 

phenomena and be disposed of without leaving any impact on the environment. The results are 

also imperative in advancing self-propelled dynamics of soft biological moieties in the paradigm 

of paper based microfluidics and medical diagnostics.  

 

Keywords: Liquid Infused Slippery Surfaces, Biomimetics, Surface Engineering, Wettability, 

Wettability Alteration, Hydrophobization, Silanization, Contact Angle Hysteresis, Sliding Angle, 

Droplet motion, Drop Impingement, Cellulose Paper, Soft Lithography, Thermal Degradation. 
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This thesis presents a consolidated study on certain novel discretization models of 2D circles and 

ellipses, as well as 3D ellipsoids, and discusses some of its graphic applications. In this thesis, 

characterization of circles up to dyadic rational form on the integer plane has been thoroughly 

investigated, and novel techniques have been proposed for constructing circles with rational 

number and dyadic rational number specifications on the integer plane. Some intriguing properties 

of circles with rational number specifications in the integer plane have been found, which help in 

obtaining the minimal set of 0-connected integer points that are closest to the corresponding real 

circle. Due to the inherent property of dyadic rational number, construction of a digital circle with 

dyadic rational specifications requires much simpler basic operations. Efficient integer-based 

algorithms have been designed for generating both types of digital circles, and they are guaranteed 

to produce a correct output for any input. Next, a slightly more challenging problem on 

characterization and construction of digital ellipses with two different forms of specifying the 

inputs have been considered, the first one being fully integers and the second being dyadic 

rationals. As a digital ellipse with dyadic rational number specification is likely to be asymmetric, 

its construction is comparatively much more challenging. It has been shown how elementary 

number-theoretic analysis helps in characterizing a digital ellipse through certain recurrences on 

the integer intervals. This, in turn, aids in designing novel ellipse drawing algorithms on the integer 

plane that uses only integer operations, whether the ellipse has an integer or a dyadic-rational 

specification. Following this, a more challenging problem has been attempted wherein the 

construction of digital ellipsoid to its thinnest topological model has been solved. It has been 

shown how this ellipsoid model admits certain characterization based on isotheticdistance and 

functional-plane properties, resulting in the derivation of certain recurrences on the integer 

intervals that contain the values of a specific integer expression corresponding to the integer points 

constituting the digital ellipsoid. The proposed algorithm is the first algorithm in the literature of 

digital geometry for the construction of the thinnest model of the ellipsoid in the integer space. 

Following this, a technique has been proposed to solve the problem of mapping an image onto the 

voxelized surface of a digital ellipsoid by resolving some critical issues. A methodology using 

only integer operations has been introduced for flattening the voxelized surface of a digital 

ellipsoid by preserving the shortest path-length between two points, which harnessed the properties 

of digital ellipsoid. Different issues of mapping have been addressed from the perspectives of 

digital geometry in order to get over the gaps and unconnectedness in the unfolded ellipsoid, and 

by overcoming these issues, an effective mapping method has been devised. Finally, a relevant 

problem in the context of designing a digital globe has been attempted to be solved. The solution 

is based on discretization of the earth’s surface as a minimal set of voxels for the purpose of 

mapping a planar world map on the discretized surface. In addition, a supporting indexing 

technique has been developed for the designed digital globe. A scalable mapping algorithm for the 
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digital globe has been designed that makes use of bidirectional relationships between the input 

planar map and the thinnest digital ellipsoid. Next, a fast indexing method by reducing 

threedimensional space to one-dimensional space in order to access and operate on any of its 

specified voxels in constant time has been proposed. 

  



 

 389 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

THE RISE OF HATE CONTENT IN ONLINE SOCIAL MEDIA: 

SPREAD, DETECTION AND MITIGATION 

 

Binny Mathew 

Supervisors: Dr. Animesh Mukherjee and Dr. Pawan Goyal 

Department of Computer Science and Engineering 

Accession No: NB17503 

 

 

The Internet is one of the greatest innovations of mankind which has brought together people from 

every race, religion, and nationality. Social media sites such as Twitter and Facebook have 

connected billions of people and allowed them to share their ideas and opinions instantly. That 

being said, there are several ill consequences as well, such as online harassment, trolling, cyber-

bullying, and hate speech. Hate speech is considered to be one of the major problems currently 

plaguing the online social media. With online hate speech culminating in gruesome scenarios like 

the Rohingya genocide in Myanmar, anti-Muslim mob violence in Sri Lanka, and the Pittsburgh 

synagogue shooting, there is a dire need to understand this problem, develop models to detect such 

messages, and counter the messages. In this thesis, we look into the various aspects of online hate 

speech - the spread, detection and counter measures. We perform the first study that looks into the 

diffusion dynamics of the posts made by hateful and non-hateful users on Gab1. We collect a 

massive dataset of 341K users with 21M posts and investigate the diffusion of posts generated by 

hateful and non-hateful users. We observe that the content generated by the hateful users tend to 

spread faster, farther and reach a much wider audience as compared to the content generated by 

normal users. We observe that the hateful users are far more densely connected among themselves. 

We also perform temporal analysis by first generating temporal snapshots of Gab. We observe that 

the amount of hate speech in Gab is steadily increasing and the new users are becoming hateful at 

an increased and faster rate. Further, the language used by the community as a whole seems to 

correlate more with that of the hateful users compared to the non-hateful ones.  Next, using hate 

speech dataset in 9 languages from 16 different sources, we perform an extensive evaluation of 

multilingual hate speech detection. We analyze the performance of different deep learning models 

in various scenarios and observe that in low resource scenario, LASER embedding with logistic 

regression performs the best, whereas in the high resource scenario, BERT based models perform 

much better. We also observe that simple techniques such as translation to English followed by 

BERT, achieves competitive results in several languages. Then, we introduce HateXplain, the first 

benchmark hate speech dataset covering multiple aspects. Each post in our dataset is annotated 

from three different perspectives – type of speech (i.e., hate, offensive or normal), the target 

community, and the rationales. We utilize existing state-of-the-art models and observe that even 

those that perform very well in classification do not score high on explainability metrics. We also 

observe that models, which utilize the human rationales for training, perform better in reducing 

unintended bias toward target communities. Finally, we analyze counterspeech as a measure to 

tackle hate speech. Counterspeech is seen as an effective way of tackling online hate without 

affecting the freedom of speech. We create and release the first ever dataset for counterspeech 

using comments from YouTube. The data contains 13,924 manually annotated comments where 

the labels indicate whether a comment is a counterspeech or not. We make several observation – 

the counterspeech comments receive much more likes compared to the non-counterspeech 
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comments. We also find that for certain communities (a) the majority of non-counterspeech 

comments tend to be hate speech, (b) the different types of counterspeech are not all equally 

effective and (c) the language choice of users posting counterspeech is largely different from those 

posting non-counterspeech as revealed by a detailed psycholinguistic analysis. Summarizing, in 

this thesis, we analyze the spread of hate speech in online social media, develop models for 

multilingual hate speech detection and curate a new dataset and models for explainable hate speech 

detection, and investigate the usage of counterspeech as a means to tackle hate speech. All the 

resources (datasets, models, lexicons etc.) are available on Github2 for the research community to 

use. 

 

Keywords: hate speech; online social media; counterspeech; Twitter; gab; free speech; 

multilingual; explainability.  
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The objective of the thesis is to investigate the hydrodynamic performance of oscillating water 

column (OWC) wave energy devices in the presence of different types of bottom profiles viz. 

stepped, sloped and curved bottom. The main focus is to numerically build a wave tank and OWC 

device using computational fluid dynamics (CFD) and analyze the hydrodynamic efficiency under 

the influence of various sea bottom profiles. Both fixed and floating type OWC are modeled for 

the purpose of analysis. The free surface waves are generated using the volume of fluid (VOF) 

method in the computational domain. The power take off (PTO) unit is modeled as a porous region 

in the computational domain to replicate the pressure jump versus flow characteristics of an air 

turbine. The 6-DOF dynamic meshing technique is used to capture the motions of the floating 

OWC structure. The mooring lines are molded as spring elements having certain stiffness 

value.The efficacy of CFD models are tested by validation with experimental and analytical 

studies. In addition to hydrodynamic efficiency, the fluid flow characteristics and free surface 

oscillations within and around the OWC chamber are studied in detail. The effect of wave 

steepness and wave length on the hydrodynamic efficiency is also analyzed. PTO unit of the device 

is analyzed for optimal performance of the OWC device. Along with CFD, a boundary integral 

equation method (BIEM) based model was also developed to study the hydrodynamic performance 

of the OWC device. In the BIEM method, the boundary value problem is solved in two-

dimensional Cartesian coordinates using the linear water wave theory. There is a general 

agreement between CFD and BIEM results in terms of resonating behavior of the device for flat 

bottom case. The peak efficiency and variation of efficiency over a range of frequencies for CFD 

and BIEM method are quite different for modified bottom geometries. 

 

Keywords: OscillatingWater Column (OWC), Computational Fluid Dynamics (CFD), Volume of 

Fluid (VOF), Power take Off (PTO), hydrodynamic efficiency, Boundary Integral Equation 

Method (BIEM). 
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The Bonferroni mean (BM) operator, which was intended to design an elementary framework of 

interrelationship apprehending fusion function, has extended the class of aggregation operators 

utilized for information assimilation. Such operator models homogeneous pairwise association 

among the accessible data entities. The BM operator has been further extended to diverse 

directions to capture dissimilar association that exists within the data sets while dealing with 

different systems like social network system, decision-making systems, image processing, Hacker 

attack systems, etc. Although such extensions of the BM operator have encountered a lot of 

attraction from the researchers due to its versatility in information aggregation technique, the 

principal disadvantage of the existing BM definitions evolution is that they do not provide any 

specification regarding the requirements of the considered system. In many systems, there are 

many intrinsic requirements that one needs to satisfy along with the apprehension of exact 

interconnections among inputs to get reliable and conict-free assessable results. For instance, in 

the Hacker attack system, the hacker may wish to choose the best plan from all the available plans 

that affect the network system of a community as worst as possible. Also, the best plan should be 

able to highly affect more inuencing domains of the community. Another example is the edge 

detection system, where one wishes to obtain the feature image of an edge in a way that pixel 

values of the feature image are not inuenced by the false edges. Such consideration propels us to 

focus on the systematized investigation of different frameworks of the BM operator precisely 

formulated for handling vivid decision-system based on the imposed mandatory requirements. 

This thesis focuses on the proposition of the following frameworks of the BM operator: 1) 

Proposition of BM operator over partition sets to apprehend heterogeneous connections among 

data inputs. 2) Proposition of generalized BM operator over partition sets to model mandatory 

requirements of the system. 3) Proposition of the framework of BM operator that models optional 

conditions. 4) Proposition of generalized framework of BM operator to model graph-based data 

interconnections. 5) Extension of BM operator to BM-type pre-aggregation operator and its 

application in edge detection.  

 

Keywords: Bonferroni mean, Generalized partitioned Bonferroni mean, Graphbased Bonferroni 

mean, directional monotonicity, pre-aggregation functions, Bonferroni mean-type pre-aggregation 

function, Edge detection, Image processing. 
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Most of the modern public key cryptosystems in use today are based on either integer factorization 

problem or discrete logarithm problem. In 1999, Peter Shor showed that quantum computers can 

break such number theoretic problems in polynomial time. With the growing interest in quantum 

technology, it is necessary to find post-quantum alternatives to the classical public key 

cryptosystems based on mathematical problems that are not affected by an attacker equipped with 

a quantum computer. Among the variants of Post-Quantum Cryptography (PQC), lattice-based 

cryptography attracts lots of attention as they have flexible structure, algorithmically simple, 

efficient and highly parallelizable. Fully Homomorphic Encryption (FHE) is an advanced 

primitive based on the lattices which has several practical applications including cloud computing. 

Multikey FHE in a dynamic setting is the most versatile variant of FHE which requires no 

information about the participating parties prior to key generation. Designing dynamic multi-key 

FHE without blowing up the storage and ciphertext size of homomorphic computation is a 

challenging task. In this thesis, we propose a dynamic (leveled) multi-key FHE scheme under the 

Learning With Errors (LWE) assumption. Unlike the existing LWE based multi-key FHE, our 

design does not use any common reference matrix in the common parameter which strengthens 

the power of using multi-key FHE as it allows users to generate their own keys independently. 

Furthermore, we presented a multi-key FHE that can encrypt multi-bit messages with non-

interactive decryption and chosen-plaintext attack (IND-CPA) security under LWE assumption. 

Apart from efficient homomorphic addition and multiplication, our technique of extending a 

ciphertext under additional keys yields significant reduction in the computational overhead. When 

contrasted with the existing multi-key FHE schemes for multi-bit messages, our candidate exhibits 

favorable results in the length of the secret key, public key and ciphertext preserving non-

interactive decryption. We also design an Enhanced Privacy ID (EPID) signature scheme based on 

lattices which is, to the best of our knowledge, the first post-quantum variant of EPID signature 

with security under the hardness of the Short Integer Solution (SIS) problem. Our construction 

employs an updatable Merkle tree accumulator which provides flexibility to our EPID signature 

by allowing dynamic joining or revoking of any group members at any time. We provide an 

estimated efficiency comparison of our EPID signature with the existing similar schemes which 

shows that our scheme is efficient and enjoys postquantum security. Besides lattice-based 

cryptography, Multivariate Public-Key Cryptosystem (MPKC) is another promising PQC 

candidate due to its high computation speed and decent computational resource requisite, making 

it suitable for resource-constrained devices like Radio Frequency Identifications (RFIDs) or smart 

cards. In the last two decades, there has been remarkable development in MPKC, especially in 

signature schemes. In this thesis, we concentrate on designing a secure and efficient multivariate 

Identity-Based Signature (IBS) scheme with concrete security analysis in the existing security 

models. Integrating a specialized version of non-interactive zero-knowledge proofs of knowledge, 
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called the signature of knowledge, we develop a multivariate identity-based signature scheme, 

namely MV-IBS.We emphasize that unlike most of the MPKC schemes in the literature which 

claim their security either heuristically or experimentally, our construction is existentially 

unforgeable against chosen message and chosen identity attack (EUF-CMA) in the Random Oracle 

Model (ROM) under the hardness of the Isomorphism of Polynomials (IP) problem. Moreover, 

our proposed MV-IBS performs significantly better over the existing MPKC based IBS in terms 

of the master secret key size, master public key size and user secret key size. Additionally, we 

employ a code-based approach and design a new method for Key Predistribution Scheme (KPS) 

by building a communication model and a connectivity model. We exploit the Reed Solomon code 

to establish our communication model, integrate the binary Goppa code to derive our connectivity 

model and skillfully blend these two models to construct our code-based KPS. An implementation 

in C language confirms the significant performance gain of our KPS over the existing similar 

works.  

 

Keywords: post quantum cryptography, lattice based cryptosystem, multi-key fully homomorphic 

encryption, learning with errors, multi-bit messages, lattice-based signature, Unforgeability, 

Anonymous attestation, identity based signature, isomorphism of polynomials problem, signature 

of knowledge, EUF-CMA security, Goppa codes, Reed Solomon codes, connectivity key, 

communication key. 
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Ozone is a significant trace gas in the atmosphere that is primarily found in the stratosphere. 

However, measurements from the ground and space spotted a great depression in ozone in the 

Antarctic stratosphere in late 1970s; the ozone hole. The loss continued and made a situation of 

saturation in loss of the ozone there by late 1980s, which resulted in the enactment of an 

international treaty, the Montreal Protocol. Due to the decrease in stratospheric chlorine by the 

implementation of the Protocol, Antarctic ozone has showed signs of recovery after 2000. On the 

other hand, the ozone in the troposphere is a pollutant, which has serious climate and health 

implications. This study demonstrates the application of a state-of-the-art causal discovery 

framework based on a deep temporal convolutional network for identifying the drivers of surface 

ozone and tropospheric ozone variability in Antarctica. The study reveals overarching influence 

of the stratosphere on surface ozone variability in Antarctica, buttressed by the southern annular 

mode and tropospheric wave forcing in mid-latitudes. The analysis using receptor models based 

on backward trajectories identifies the Antarctic Plateau as the most dominant source region 

especially in the summer season for near-surface ozone, complemented by long-range transport 

from the southern South American in the lower troposphere. Transport from the stratosphere also 

contributes significantly to the tropospheric ozone. Furthermore, the ozonesonde measurements 

show an increasing trend in the lower and middle troposphere, but a decreasing trend in the upper 

troposphere. The increasing trend is significant even after accounting for natural variability arising 

from intra- and inter-annual processes; suggesting rising ozone concentrations in Antarctica and is 

a serious environmental problem. A number of studies have already reported the early signs of the 

healing of ozone hole. However, there has not been any study reporting the healing in saturation 

layers. Ozone loss saturation layers are the atmospheric layers in the lower stratosphere (13–21 

km) where the complete destruction of ozone occurs. The study of long-term evolution of ozone 

in loss saturation layers shows that the ozone is increasing and recovering at these altitudes. In 

addition, the chemiistry transport model based analysis of ozone loss in Antarctica shows that both 

dynamics and chemistry play very important roles in the ozone loss process in there. The 

disappearance of near-zero ozone concentrations between 12 and 21 km is a key milestone in the 

recovery of Antarctic ozone. Since there are already significant changes in the southern 

hemispheric climate owing to the Antarctic ozone loss, the recovery from loss saturation is very 

likely to affect that. The recovery indicated in the loss saturation layer robustly suggests that the 

Montreal Protocol has definitely saved the ozone layer and climate of the southern hemisphere. 

However, the saturation of ozone loss is expected to continue to occur in very cold winters due to 

the still high levels of ODSs in the stratosphere, as the reduction processes of atmospheric halogens 

are comparatively slow.  
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Agriculture provides the major source of livelihood and contributes to the economy for most of 

the developing nations. As an agrarian economy, India relies on agricultural production to meet 

the food demand for the rapidly growing population that puts considerable pressure on resource 

availability. In India, paddy is one of the principal staple food crops which utilizes heavy resources 

for production. Hence, efficient consumption of agricultural resources is crucial to minimize the 

corresponding depletion.  

 

In order to assess farm efficiency, the Data Envelopment Analysis (DEA) approach has been used 

in this research. Agricultural production often generates imprecise data. To overcome 

impreciseness, the collected data has been represented in fuzzy sets, employing a Fuzzy DEA 

(FDEA) approach. In recent years, the focus to augment Greenhouse Gas (GHG) emissions in the 

agricultural production efficiency measurements has been emphasized across the world. This 

research, therefore, includes an eco-efficiency measurement approach to consider the GHG 

emissions as undesirable output in the DEA framework. These respective farm efficiency 

measurements are also influenced by crucial exogenous factors. Commonly, a two-stage approach 

is followed using DEA and regression analysis to show the role of associated factors. This research 

proposes an alternative approach that focuses on the prediction of the most salient factors by 

combining the efficiency measurement with Machine Learning (ML) algorithms. The research was 

carried out on the paddy cultivators in the sub-Himalayan region of Eastern India. 

 

The findings suggested wide variation in the efficiency of farmers with space to recommend better 

resource use management. The FDEA approach measured efficiency at different possibility levels 

and the results indicated better farm efficiency evaluation. The results of the eco-efficiency 

estimation considering undesirable output showed lower environmental performances of the paddy 

farmers. The ML application predicted the farmers with land ownership, access to short-term 

funds, higher education, and years of farm experience to be more efficient. This research may help 

policy formulations to promote short-term funds availability for timely purchase of inputs, 

agricultural extensions programs for improved technological adoption, and farmer-to-farmer 

knowledge-sharing platforms to share the experience of efficient farmers with the inefficient ones, 

minimizing the over-utilization of resources. 

 

Keywords: Resource Efficiency; Data Envelopment Analysis (DEA); Fuzzy DEA; GHG 

emissions; Eco-efficiency; Machine Learning (ML); Eastern India 
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Clathrate hydrate is an ice-like crystalline compound that is formed by hydrogen-bonded water 

network with small-sized molecules trapped into their cage-like structures. The natural gas 

hydrates occurring in seafloor and permafrost region are regarded as a sustainable energy resource 

for the upcoming century as they are mostly composed of methane gas. Besides, the gas hydrates 

technology is a potential tool to separate, store and transport the gases, de-saline or purify the 

seawater and ensure trouble-free fluid flow through the pipelines located in the low temperature 

regions. The statistical thermodynamics based van der Waals-Platteeuw theory provides a 

fundamental approach to understand the phase behavior of clathrate hydrates. However, the critical 

assumptions made in the theory limit the implementation of the theory for polar and large-sized 

guest molecules. In this contribution, we formulated the ab initio methodology that is 

computationally feasible and it accurately estimates the cavity potential for both small and large 

sized guests. Using this technique, we address the lattice distortion by larger guests, e.g. liquid 

(cyclic ethers and ketones) and gaseous (refrigerants) promotors. Subsequently, the multiple-

occupancy of smaller guests at high pressure conditions is considered. This apart, an advanced 

mixing rule is developed for the mixture containing clathrate hydrates. With these proposed 

modifications, the modified van der Waals-Platteeuw theory is applicable for wide ranges of guests 

and operating conditions.  

 

Keywords: Clathrate hydrate, thermodynamic modelling, ab initio, cavity potential, lattice 

distortion, multiple-occupancy, mixing rule 
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Climate models predict an increase in global temperature in response to a doubling of atmospheric 

CO2 level, which may affect future rice production and quality. We conducted field experiments 

to study the effect of elevated CO2 using Open Top Chamber facility on grain yield, molecular 

physiology and grain nutritional and cooking quality of rice cultivars during wet and dry seasons 

of 2012-2013 and 2013-2014 in subtropical climate (Kharagpur, India). Four popular rice cultivars 

(high yielding and aromatic) were selected and nutrients management as an adaptation to the 

elevated CO2 was investigated in both the seasons. Grain yields of high yielding cultivars (HYCs) 

were significantly reduced under elevated CO2 environment (25% higher than ambient CO2) as 

compared to ambient environment in both wet and dry seasons. The reduction in grain yield was 

6 – 8% in dry season, but higher (11 – 13%) in wet season. In contrast, the grain yield of the 

aromatic cultivar ‘Badshabhog’ increased up to 9% with the CO2 elevation. Our analysis revealed 

significant reduction in OsSUT1 gene expression in flag leaf and grains during grain-filling period 

with the CO2 elevation in HYCs (IR36 and Swarna), but not in Badshabhog. Further, the non-

reducing sugar content of grain tissue decreased significantly with CO2 elevation for the cultivars 

IR36 and Swarna, but increased for Badshabhog. The elevated CO2 condition reflected a 

significant reduction in nutrients harvest index and internal nutrients use efficiency (N, P, and K) 

of the rice crop as compared to ambient environment. The grain protein, Fe, and amylose content 

were significantly reduced, but alkali spreading value was increased with the CO2 elevation. 

Application of integrated nutrients management involving organic fertilizer were effective in 

improving nutrients use efficiency and rice grain quality through higher accumulation of micro-

nutrients content i.e. Zn (increased by 18±4 %), Fe (11±5 %) and amylose (4±0.5 %) as compared 

to inorganic based nutrients management under the elevated CO2 environment. The study 

suggested the scope of breeding technology for developing tolerant cultivars and the potential of 

nutrient management for minimizing the adverse effects of elevated CO2 environment on rice 

yield and quality in subtropical India. 

 

Keywords: Elevated CO2, Grain quality, Nutrient management, Open Top Chamber, OsSUT1 

gene, Rice yield 
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Extrusion is one of the most efficient and widely practiced fabricating techniques for producing 

long rubber profiles such as mono-component glass run, co-extrudate, multicomponent profiles, 

metal-reinforced rubber profiles, and cellular rubber profiles. Die swell is the most common 

phenomenon while extruding the rubber profiles. The dimension and the shape of the extrudate 

change owing to die swell, leading to complexity while designing the die for rubber products. In 

view of the extensive applications of rubber extrudate products, i.e., automotive profiles, doors, 

windows, medical tubings, and many critical tire components, we have studied the swelling 

behaviour of rubber compounds during extrusion using CFD. In the present study, filled-EPDM 

rubber compounds were chosen due to their widespread applications in automotive seals/weather-

strips. The thermal and rheological properties of the compounds are characterized by ODR, MCR, 

Capillary rheometer, DSC, and guarded hot plate. The experimental data obtained from MCR and 

Smartrheo at low and high shear rates are merged to perform the curve fitting using the shear rate-

dependent viscosity models. It was found that the “Carreau-Yasuda law” exhibited an excellent fit 

for a wide range of shear rates with the experimental data. Furthermore, the curve fitting is 

performed using the temperature-dependent viscosity model, as viscosity is the function of both 

shear rate and temperature. “Arrhenius approximate law” showed an excellent fit for a wide range 

of shear rates with the experimental data. The model-specific parameters are evaluated from the 

curve fitting to perform the simulation. The 3D models for mono extrusion, coextrusion, and multi 

manifold extrusion were prepared to perform the simulation and to predict the extrudate shape and 

dimension. Then, the results derived from simulations were compared with the actual complex-

shaped automotive profiles. Moreover, the required die shape has also been computed using the 

inverse extrusion simulation for a particular profile shape. Finally, the simulated result is compared 

with a real profile, and an efficacy of more than 98% has been achieved. Overall, the simulation 

technique has the potential to find its application as a proficient die designing tool which reduces 

the “trial-and-error” in extrusion industries. 

 

Keywords: Extrusion; Co-extrusion; Multimanifold extrusion; Filled EPDM compound; Finite 

element analysis; Automotive rubber profile 
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The relationship between Information Communication Technology (ICT) infrastructure, 

innovation, and economic growth has received significant consideration in the growth literature. 

This study focuses on the causal nexus between ICT Infrastructure, innovation, and economic 

growth across the Group of Twenty (G-20) Countries, namely Australia, Canada, France, 

Germany, Italy, Japan, Republic of Korea, United Kingdom, United States of America, European 

Union, Argentina, Brazil, China, India, Indonesia, Mexico, Russia, Saudi Arabia, South Africa and 

Turkey over the period 1960-2019. Specifically, this study first deploys panel data modeling to 

examine the dynamics among ICT infrastructure, innovation activities and economic growth in 

these selected countries. The Granger causality test is applied subsequently for examining their 

causal nexus. The empirical analysis finds that there exist inter-regional disparities in the 

availability of ICT infrastructure, innovation and economic growth in these G-20 countries. The 

Granger causality test shows that both ICT infrastructure and innovation have a substantial impact 

on economic growth. It also shows that both ICT infrastructure and innovation Granger cause each 

other. It is, therefore, necessary to have adequate access to both ICT infrastructure and innovation 

and their synergic integration in these G-20 countries for achieving higher economic growth. Their 

insufficiency brings in different policy implications in these G-20 countries, thereby 

recommending adequate funds provision and suitable public policies to boost those.  

 

Keywords: ICT infrastructure, Innovation, Economic growth, G-20 countries 
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The proton exchange membrane (PEM) is considered the key component of a fuel cell. It is acting 

as a solid electrolyte for proton transfer and prevents fuel crossover between the cathode and 

anode. Fuel cells use environmentally friendly technology to provide pollution-free operation and 

excellent energy conversion efficiency. Nafion®, a perfluorosulfonated ionomer membrane with 

outstanding chemical and physical stability and strong proton conductivity, is now regarded as the 

state-of-the-art membrane for fuel cell applications. However, their use is limited due to the 

complicated synthetic technique, low glass transition temperature, restricted working temperature 

(˃80 oC), and high fuel crossover. This instigated the researchers to look for alternative PEM 

material with better properties. In this regard, a variety of sulfonated polymer membranes with 

wide-ranging molecular designs had been inspected to cope with the deficiency of state-of-the-art 

materials. 

Copper-induced azide-alkyne click polymerizations have been used to make sulfonated 

polytriazole-based PEM materials in recent years. However, the low chemical stability, poor water 

management, and inadequate mechanical stability are some major issues in sulfonated 

polytriazoles. In this context, the incorporation of phosphine oxide moieties into polytriazole 

backbones is an interesting approach to obtain a higher-quality polymer membrane with efficient 

proton transport, high thermal and mechanical stability, and adequate water retention with unique 

chemical resistance towards the peroxide attack. Accordingly, phosphorus-containing sulfonated 

polytriazole membranes with polar phosphine oxide moiety (–P=O), trifluoromethyl groups (–

CF3), bulky phosphophenanthrene system, and the pendant diphenylphosphine oxide unit have 

been designed and prepared. Their PEM properties were investigated systematically. The –P=O 

units, flexible ether linkages, and –CF3 groups in the polytriazole backbone ascribed the general 

solubility of the polymers. The inclusion of fluorinated groups and phosphorus-based moieties in 

the sulfonated polytriazoles occasioned good phase-separated morphology, improved dimensional 

stability under hydrated conditions, and facilitated the generation of the interconnected proton 

transportation channels. The effect of the high content of phosphorus on PEM properties has also 

been studied by integrating a pendant diphenylphosphine oxide containing dialkyne monomer 

along with a triarylphosphine oxide-based diazide. The possible peroxide decomposition 

mechanisms of the triarylphosphine oxide systems were proposed. Additionally, the detailed 

microstructural alterations of the polytriazoles were elucidated as a function of DS. Finally, we 

correlated various PEM properties with molecular design, chemical functionality, phosphorus 

content, the proportion of sulfonated monomer, and ion exchange capacity. 

 

Keywords: Phosphorus-containing polymer, Click polymerization, Sulfonated polytriazole, 

Oxidative stability, Phosphine oxide, Proton conductivity, Phase-separated morphology. 
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The study of fixed point theory in various abstract spaces is one of the most fascinat- ing 

and interesting branch of modern mathematics. This branch becomes very famous due 

to its versatile applications in nonlinear analysis, fractional derivative, game theory, 

matrix analysis, nonlinear integral equation, dynamical system, mathematical physics, 

and engineering problems etc. The main aim of this thesis is to study fixed point results 

by using different types of contractions in various abstract spaces like b–metric spaces, 

c–distance,g b–metric spaces, wt–distance, doubled controlled metric like spaces etc. 

This thesis is distributed into nine chapters, including a chapter devoted to concluding 

remarks and scope for future work. 

 

Chapter 1 is the introductory chapter, where we represent some mathematical back- 

ground that is required in our thesis along with an adequate literature survey on fixed 

point theory. In Chapter 2, we extend the famous result of Berinde and Borcut from 

tripled coincidence point to quadruple coincidence point by using the concept of c- 

distance under partially ordered cone metric spaces. In Chapter 3, we have studied 

weak contractive conditions by involving weakα w-admissible mappings ing b–metric 

spaces. By usingC-class functions andα-admissible mappings, Berinde type mappings 

have been investigated in Chapter 4 in the context of complete metric spaces. Next two 

chapters, deal withwt-distances. In Chapter 5, we have extended the famous results of 

Lakzian-Rhoades fromw-distance towt-distance by involving two self mappings in 

partially orderedb-metric spaces. We have introduced the concepts ofα-admissible 

mappings associated withδfor two mappings in Chapter 6. In this chapter, we have also 

stu   ø) β contractions, and Caristi type(α–Ω– - 

contractions. Chapter 7 deals with graphical set- - contractions by using 

rational terms in b-metric spaces. In the same chapter, we have also discussed some 

stability results for such mappings. In Chapter 8, we have established some new fixed 

-contractions in the set up of newly 

introduced doubled controlled metric like spaces (in brief DCMLS). 

 

Keywords: Fixed point; Multivalued map; c–distance; b–metric space;g b-metric space; wt–
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The development of clean and sustainable energy solutions has been sparked recently by rising 

energy demand due to climate change and population growth. As a result, microbial fuel cell 

(MFC) technology that generates electricity has received a lot of attention. An anaerobic anode 

chamber, an aerobic cathode chamber, and a proton exchange membrane (PEM) are usually found 

in an MFC reactor. By anaerobically oxidizing organic materials in wastewater, the active 

biocatalyst in the anodic chamber creates electrons and protons. The PEM is a medium allowing 

the transfer of protons to the cathodic chamber. Polyvinylidene fluoride (PVDF) and Polysulfone 

(PSF) based Cellulose acetate (CA), Reduced graphene oxide (rGO), and Graphene oxide (GO) 

doped low-cost PEM are advocated to replace the costlier Nafion membranes. PVDF and PSF are 

high-end polymers with strong mechanical qualities and the ability to withstand severely corrosive 

conditions. Doping CA, rGO, and GO during membrane synthesis results in superior cost-effective 

cation exchange membranes (CEM) for MFC-based wastewater treatment and sustainable energy 

extraction.  

In this study, the waste sugarcane bagasse was used to prepare CA, and the Tour method was used 

to synthesize GO. CA, rGO, and GO compositions were varied to prepare several cost-effective 

and high-performance CEMs (CAG3, rG1, PCG, and WCA-3). Doping the functionalized 

materials in the hydrophilic membranes enhances the contribution of conducting phase concerning 

its hydrophilic nature and facilitates its functional characteristics at the surface. Further, adding an 

adequate amount of nanomaterials (GO and rGO) improves the physicochemical properties of the 

membrane and its mechanical stability. Among various prepared membranes, only the superior 

ones from each category were considered for MFC application. Among all the prepared 

membranes, WCA-3 outperformed all the membranes for wastewater treatment and energy 

extraction using MFC. Columbic efficiency (CE) of 7.1%, chemical oxygen demand (COD) 

removal efficiency of 97.5 ± 0.8% and power density of more than 150.22 mW m−2 were achieved 

without any electrode modification.  

The fabrication cost of the WCA-3 membrane was 475 USD/M2, whereas the other CAG3, rG1, 

and PCG membranes are 101 USD/M2, 434 USD/M2 and 262.4 USD/M2 respectively compared 

to widely recognized NAFION membrane (1000 USD/M2). The prepared low-cost novel PSF and 

PVDF-based, GO, rGO and CA doped membranes elucidated their appropriateness for 

proliferating the efficacy of MFC and is recommended for scaling up of MFCs. As the prepared 

membranes were employed for MFC applications without any electrode modifications and 

involved catalysts, therefore, it is recommended for enhance process performance in large-scale 

applications.  

Keywords: Proton exchange membrane; Microbial fuel cell; Power density; Wastewater 

treatment; Sustainable energy. 
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Synthetic petroleum-based polymers are considered an inevitable packaging option due to their 

great convenience and high mechanical and physical properties. However, the environmental 

impacts of plastics necessitate the requirement of alternate packaging materials. This makes 

biodegradable packaging material a trending research area. A wide range of edible films was 

prepared from natural polymers such as protein, polysaccharides, and lipids. Soybean aqueous 

extract (SAE) is a promising raw material for edible film preparation. In this study, SAE-based 

composite edible film was developed by incorporating beeswax (0.4-1.2%), clove essential oil 

(0.5-1.5%), and span 20 (0.5-1.5%), and their effect on the physico-mechanical and barrier 

properties was evaluated. Response surface methodology (RSM) using central composite rotatable 

design and supervised artificial neural network (ANN) models were used to predict the effect of 

the independent variables on responses like tensile strength, elongation at break, water vapor 

permeability, moisture content, water-solubility, and optical parameters. All the independent 

variables had a significant role (p<0.05) on the responses, and ANN models better predicted the 

experimental data than RSM with high R2 values. The RSM optimized value of beeswax, clove 

essential oil, and span 20 was 1.2%, 0.91%, and 0.73%, respectively. Among the independent 

variables, beeswax and clove essential oil were the most influential in mechanical and water barrier 

properties, while the level of span 20 affected the color and solubility of the films. A 

semicrystalline nature of the composite film was evident from the SEM and XRD analysis. The 

characterization of the developed film confirmed its utility in food packaging applications. Further 

property enhancement was done by incorporating cellulose nanofiber (CNF) at various 

concentrations (0-10%) into optimized SAE composite film composition. The effect of nano 

reinforcement on essential properties of the nanocomposite film such as barrier, mechanical, water 

affinity, and optical properties was evaluated. Homogeneous films with improved barrier and 

mechanical properties were observed until 6% CNF, beyond which considerable reduction in 

desirable properties was noticed due to nanoparticle's agglomeration effect. Furthermore, the 

prediction of the mechanical and barrier properties of nanocomposite film was performed with 

mathematical models such as modified Halpin-Tsai and modified Nielsen equations, respectively. 

The model-fitting results reveal that the theoretically predicted values were in close agreement 

with the experimental values. Hence, these models were well suited for predicting respective 

properties. Model prediction also implies that the increase in the aspect ratio of fillers can 

considerably cause a reduction in water vapor permeability and improvement in mechanical 

properties. The suitability of the developed film for cheese packaging was evaluated and compared 

with commercially available materials. Biodegradability and stability analysis of film was also 

analyzed by conduction indoor soil degradation test and moisture sorption isotherm analysis 

respectively. 
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Water distribution networks (WDNs) are recognized as critical urban infrastructure, and their 

efficient management is vital for the socio-economic progress and overall well-being of modern 

urban-centric societies. Performance management of city-wide WDNs enforces major challenges 

on the utility operators and decision-makers, particularly in the developing economies, which in 

turn propels extensive research scope targeted towards real-field application. The present research 

stems from the necessity of enhanced performance assessment methodologies concerning 

hydraulic efficiency, energy sustainability, and leakage control in WDNs. In this context, 

generalized frameworks for quantitative evaluation of hydraulic, energy, and leakage behavior in 

urban WDNs were developed. An inherently simple and versatile global composite metric, 

Hydraulic Performance Index (HPI), was proposed for performance assessment and benchmarking 

of diverse WDNs, including intermittent systems. The efficacy of the HPI-based framework to 

account for hydraulic and operational constraints, service levels, and leakage conditions was 

illustrated through case studies, and a qualitative performance scale was introduced to categorize 

and benchmark WDNs. A review-based analytical survey concerning the status quo of energy 

metrics proposed for WDNs was conducted to ascertain their suitability for energy efficiency 

assessment of WDNs. An abridged list of Energy Performance Indices (EPIs) comprising five 

system EPIs and ten operational EPIs was synthesized through logical deduction and reasoning, 

which was deemed sufficient to quantify the baseline WDN energy efficiency. A novel Energy 

Sustainability Score (ESS) was formulated, and a generalized framework was designed for 

operational energy benchmarking of WDNs. Furthermore, an integrated framework for hydraulic 

and energy benchmarking of WDNs was framed based on the combined impact of global 

composite metrics, HPI and ESS, and its applicability was illustrated on both pumped and gravity-

based WDNs. By virtue of the robust and flexible design of the indices, these frameworks could 

be directly implemented or tailored to suit the requisites of specific utilities using hydraulic models 

or data-driven approaches for benchmarking. Subsequently, the efficacy of EPANET 2.0 for 

leakage modeling and calibration was verified through an extensive experimental study on a 

realistic network prototype. The potential capability of configuring improved leak models using 

the leak parameters (emitter coefficient and emitter exponent) was ascertained. The localized and 

global sensitivity of hydraulic parameters to system leakage was also analyzed. Finally, a 

comprehensive sensitivity-based methodology to ascertain the scope of leakage management by 

retrofitting existing deficient networks with sensors was devised. A multi-criteria decision-making 

(MCDM) model for selecting the optimal number of sensors and their relative positions within the 

WDN was framed, entailing the simultaneous maximization of Euclidean distances among the 

sensor positions and the corresponding leak-induced pressure residuals obtained at these sensors. 

The developed performance assessment methodologies were coupled with hydraulic models using 
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the EPANET-MATLAB programmer’s toolkit, and their applicability and usefulness were 

demonstrated using a numerical network, real-world WDN, or experimental network, as 

applicable. The straightforward and generalized frameworks are expected to benefit the decision-

makers for enhanced performance management and offer guidance towards the capacity building 

of WDNs in the long run. The outcomes of this research also aim to provide key insights for the 

decision-makers to better understand system performance and hydraulic modeling, with 

noteworthy applicability in the resources-strained and deficient utilities prevalent in developing 

economies.  

 

Keywords: Water supply system; Water-energy nexus; Hydraulic modeling; EPANET 2.0; 

Performance benchmarking; Hydraulic performance; Energy efficiency; Leak management; Leak 

modeling; Sensitivity analysis; Multi-criteria decision-making; Asset management. 
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The contribution of school trips in the overall vehicle volume has increased significantly due to 

the increased usage of private vehicles, poor quality of school buses and other shared modes, the 

poor physical infrastructure around schools, etc. This has eventually aggravated traffic congestion, 

vehicular emission, and economic loss. A majority of the renowned schools attract children from 

all parts of the city. With the increasing usage of private vehicles, the traffic condition around such 

schools, especially during the school opening and closing hours, has become a major concern. The 

three most significant modes used in the transfer of school children are school buses, shared cabs, 

and private vehicles. Among the three modes, a significant portion of vehicle density consists of 

private vehicles during the school opening and closing hours. The reason behind such modal 

preferences may primarily be attributed to the poor quality associated with shared cabs and school 

buses. The transfer of school children is a socially sensitive issue, and any restriction on the use of 

private vehicles (for school trips) without improving the shared services is unlikely to be socially 

acceptable. It is, therefore, necessary to improve the quality of shared modes to make them 

attractive alternatives to private vehicles and thereby influence the mode choice behaviour for 

school trips in favour of shared modes. The present work is demonstrated with reference to the 

two most popular schools in the metropolitan city Kolkata, India.  

 

A list of 15 attributes was identified based on a literature review, experts’ opinions, and a 

preliminary discussion with 50 parents. The revised Importance and Performance Analysis was 

carried out on the data collected from more than 7000 parents. The priority areas of intervention 

were identified separately for the school bus and shared cab services giving due consideration to 

the requirements of car-owning and non-car-owning parents. The factor structure for both the 

categories of parents was identified and compared with the management schemes of the different 

services (school bus & shared cab) to identify the specific areas of interventions.  

 

Second stage of the work demonstrated various econometric models to understand the effects of 

important attributes on the mode share and generalized cost for the users. The stated preference 

model is instrumental in explaining the willingness to pay (WTP) values for the improvements of 

the important attributes. The modal preferences are explained using the revealed preference (RP) 

model. The RP model is developed for car-owning and non-car-owning parents separately. The 

result clearly shows that the car-owning and non-car-owning parents are distinctively different in 

their perception of the attributes of school transportation. The major policy implication of the study 

performed in the present work is to formulate the strategies for the improvement of school 

transportation facilities based on the needs of different users. A joint SP-RP model is presented 

that formed the basis for the demand model to estimate the perceived utilities due to the 

improvements. The variation in WTP values for the different levels of improvements is found 
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logical and realistic. The GC model based on WTP values is subsequently used to derive the 

perceived benefits for any of the improvement measures recommended in the present study. The 

demand model is useful in explaining the modal shift due to the improvements of various 

qualitative and quantitative attributes. The sensitivity analysis is instrumental in realizing the effect 

of individual attributes on the modal shift of car users. The feasibility of improving each attribute 

is discussed and four attributes are identified to generate alternative improvement scenarios and 

evaluate the same. Accordingly, the alternative improvements of shared modes considering the 

three qualitative attributes namely safety, security, and comfort are explored for the generation of 

alternative improvements and evaluation. Costs associated with the improvements are also an 

important aspect that is included in the evaluation of the alternative improvements.  

 

The application of the demand model and GC model is instrumental in identifying most viable 

improvement scenario for the shared cab and school bus services. The parameters while selecting 

the operationally viable improvement scenario were twofold. First, modal shift or reduction in 

usage of private cars is the natural selection of parameters to evaluate the effects of the 

improvement levels. This parameter considers the benefit to the car-owning parents only. 

Therefore, the second parameter selected for evaluation is generalized cost to the non-car-owning 

parents. Both the criteria were used to assess the effect of the individual improvements of safety, 

security, and comfort levels. Interestingly, the school bus is found more attractive to the car-

owning parents for the improvements. The best levels as per the two criteria were selected to 

formulate alternative scenarios (combination of attribute levels) separately for the shared cab and 

school buses. Interestingly, the same attribute levels were identified for the improvement of the 

shared cab and school buses. Therefore, the alternative scenarios for both the shared vehicles were 

also the same. The scenarios of improvement for both the vehicles were assessed for the shift in 

demand for private cars and the reduction in generalized cost to the non-car-owning parents. The 

first criteria addressed the perception of car-owning parents while the latter included the non-car-

owning parents’ perception. Interestingly, separate scenarios were found most viable for the shared 

cab and school buses. The additional costs for both the improvement scenarios were found within 

an acceptable range. Additionally, the benefits due to the development of footpaths in the school 

catchment zone are assessed and found as an effective improvement to improve the utility to the 

users of shared vehicles. Finally, the effects of the selected improvement scenarios are tested for 

the effect on emission to discover a significant reduction.  

 

Overall, the present work demonstrates a comprehensive approach for improvement of shared 

modes of school transportation giving due considerations to parents’ perceived importance and 

performance of attributes and, the cost for improvement, and fare increment to parents. Although 

the findings of the present study are case-specific, the approach demonstrated in the work could 

also be applied for the improvement of transportation facilities in other contexts.  

 

Keywords: School trips, Shared services, School bus, Shared cab, Parents’ perception 
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The escalating energy demand and exhausting fossil fuel reserves paving extensive research on 

alternate energy sources. Moreover, the waste-to-energy concept is a critically compelling 

approach that can provide a multifaceted solution. Therefore, the present thesis explicates the 

sustainable pyrolytic conversion of waste biomass to an alternate fuel. Extensive physiochemical 

characterization was carried out on diverse feedstock ranges for the initial feasibility assessment. 

The rice stubble was evaluated as the high energy content feedstock with HHV of 15.22 MJ kg-1 

and 4.76 biofuel reactivity. Subsequently, the severe environmental problem of stubble burning 

associated with this feedstock facilitated its selection for further investigation. Furthermore, a 

detailed kinetic, thermodynamic, and reaction pathways assessment was made to get mechanistic 

insight into the devolatilization process. Differential and integral isoconversional methods were 

employed to estimate activation energy, pre-exponential factor, and reaction model. In addition, a 

synergistic analysis of reaction kinetics and heat transfer to model the transport process was 

reported. The multi-component modelling showed the highest heat transfer with Pyrolysis number 

of the order 1010 for hemicellulose followed by 108 for cellulose and is reduced to 105 for lignin. 

Subsequently, a fixed bed semi-continuous laboratory scale pyrolysis setup was designed to 

convert this feedstock into an array of products. Moreover, a comprehensive emission assessment 

due to the burning of this feedstock was made to quantify the severity of the problem and net 

environmental gain concerning pollutant reduction. In addition, crucial energy gain analysis was 

reported in terms of various performance indices. The biochar was evaluated as the most energy 

valuable pyrolysis product with 0.985 MJ input/ MJ output index and 72.35% energy efficiency. 

The fossil to energy ratio (FER) was 1.28, indicating a net positive energy gain for the system’s 

input resources. Finally, the co-pyrolysis study of this biomass with spent motor oil was 

investigated to enhance the fuel quality. Moreover, two different modes of operation, namely, in-

situ and ex-situ, were implemented to analyze the effect of physical inhibition on the obtained 

products. A substantial increment of ~85% was observed with 63.12 wt. % bio-oil yield for in-situ 

operation whilst the only biomass pyrolysis. Furthermore, a significant reduction in the oxygenated 

groups indicated effective deoxygenation and improved bio-oil stability. Altogether, the present 

thesis reports a comprehensive investigation, from feedstock selection to pyrolysis product 

upgradation. Moreover, these results establish the viability of this sustainable waste-to-energy 

process as an alternative to conventional fossil fuels and encourage its commercial up-scaling. 

  

Keywords: Waste-to-Energy; Pyrolysis; Biofuel; Devolatilization kinetics; Thermodynamics; 

Heat transfer; Stubble burning; Emission Inventory; Net energy balance; Co-pyrolysis 
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Photo-thermal energy conversion in a solar collector is one of the most efficient ways of storing 

solar energy. In a conventional solar collector, incident radiation is at first absorbed on the walls 

of the collector which afterward is transferred to the working fluid. Thermal losses associated with 

heat transfer from the walls to the working fluid are eliminated in a direct absorption solar collector 

(DASC) where solar energy is directly absorbed in the working fluid. One of the main requirements 

in a DASC is that the energy should be absorbed in the entire volume of the working fluid. This 

makes it alternatively known as a volumetric collector. Efficiency of a DASC is greatly enhanced 

by using a nanofluid which is a stable and homogeneous suspension of nanoparticles (particle size 

less than 100 nm) in a base fluid.  

 

The work in this thesis is broadly divided into two parts. In one part, investigations on various 

nanofluids are carried out in the perspective of storage of solar energy through photo-thermal 

conversion, while in the other part design optimization of a DASC is carried out. Nanofluids 

considered are (i) 2, 4, 10, and 15 ppm carbon black in ethylene glycol (CB-EG), (ii) 30, 50, 70, 

and 90 ppm of hexagonal boron nitride in ethylene glycol (BN-EG), and (iii) a hybrid mixture of 

4, 10, and 15 ppm of CB in 30, 50, 70, and 90 ppm of BN (BN/CB-EG). These nanofluids were 

synthesized by the two-step method. Various studies that were carried out include long time 

suspension stability or homogeneity, optical properties such as absorption, transmittance, 

extinction coefficient etc., and energy absorption characteristics.  

 

Photo-thermal conversion performances of the nanofluids were investigated in an experimental 

collector through the measurements of transient temperature profiles under varying concentration 

of the nanoparticles, and the duration of light exposure. A halogen lamp with a shortwave filter is 

used as the source of incident radiation. Fluid temperatures were measured through five uniformly 

placed PT100 temperature sensors. A fluid height of 16 mm and an incident radiation of 437 W/m2 

having wavelength 450 to 820 nm were used in all the experimental studies using the collector.  

The optical absorption at 650 nm wavelength for 15 ppm CB-EG nanofluid is obtained 82.2 times 

higher than that of the base fluid. The absorbed energy fraction computed over 20 mm penetration 

depth are 37.8% and 87.3% for 2 and 15 ppm CB- EG respectively. About 27.9% increase in 

storage efficiency (after 1200 s exposure) over that of EG is observed using 15 ppm CB-EG 

nanofluid. Comparing with the base fluid EG, studies on 90 ppm BN-EG nanofluid indicate 89.4 

times higher optical absorption (at a wavelength of 650 nm), 38.8 times higher absorbed energy 

fraction at a penetration depth of 20 mm and 16.2% enhancement in photo-thermal conversion 

efficiency after 1200 s of exposure.  
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The hybrid nanofluids were also investigated under varying concentration mixing ratios (CMRs). 

At 650 nm wavelength, the optical absorption of 90 ppm BN-EG improves by 100% when 15 ppm 

CB is added to the nanofluid. The enhancements in energy storage efficiency for 90 ppm BN-EG 

nanofluid and that mixed with 4 ppm CB are 16.2% and 30.2% respectively after 1200 s of 

exposure. An enhancement of 34.6% in photo-thermal conversion efficiency (after 1200 s 

exposure) over that of EG alone is obtained using 90 ppm/15 ppm BN/CB hybrid nanofluid.  

 

A time dependent finite difference model for performance prediction of a DASC is developed 

using a mean extinction coefficient (MEC) of the working fluid. The model considers heat transfer 

in the fluid, convective and radiative heat losses at the top surface, and reflected radiation from the 

bottom of the collector. The model is validated with our own experimental data. Using the model, 

parametric studies are carried out for understanding the behaviour of DASCs. There is an 

optimized MEC at which storage efficiency is maximum. Through regression analyses over these 

maxima points, correlations are developed for determining the optimized MEC and the 

corresponding storage efficiency as functions of fluid height and time of exposure under one sun 

incident radiation. A simplified time-averaged correlation for obtaining an optimized MEC only 

as function of fluid height is also derived. An optimized optical thickness, a non-dimensional 

parameter defined as the product of MEC and fluid height, of 2.35 is recommended for the fluid 

height between 20 and 80 mm.  

 

This work would be useful in understanding (i) the behaviour of CB, BN, and their hybrid 

nanofluids for DASCs, (ii) the behaviour of DASCs under varying parametric conditions, and (iii) 

obtaining an optimized MEC for designing a collector.  

 

Keywords: nanofluid; carbon black; hexagonal boron nitride; hybrid nanofluid; direct absorption 

solar collector; absorbed energy fraction; photo-thermal conversion efficiency; parametric 

behaviour; mean extinction coefficient 
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The fast pace of urbanization has induced an urgent need for a more dynamic planning system for 

the efficient growth of cities. In this scenario, an airport and the growth fuelled by it or airport-

oriented development (AOD) is touted as a unique urban development proposition. Thus, it 

becomes crucial to investigate the role of an airport and its location in shaping and connecting the 

cities in the network of cities. But, can AOD act as a potential growth driver in making more 

efficient urban systems? Understanding the relationship between the airport’s ‘location’, air 

transport ‘network’, and ‘shape’ dynamics of the urban growth might answer the question. The 

present research is an attempt to measure the relationship between these three dimensions - 

location, network, and shape for the assessment of airport-oriented development. The research has 

taken a case of Tier-II cities as they can be effectively used as a testbed for reforms in planning, 

serving as a vital intermediary in the hierarchy of the system of cities. The research may become 

even more relevant for Indian cities where the connectivity of airports is majorly complementary 

rather than competitive. The research framework comprises of three objectives based on the three 

dimensions of the research. The first objective investigates the role of location in measuring the 

performance of all the airports in India by exploring the presence of spatial effects in airport 

efficiency assessment. The second objective assesses the air network of medium-hub international 

airports of Tier-II Indian cities in terms of its type, accessibility, and connectivity. Finally, the third 

objective analyzes the spatial and temporal patterns of urban growth and shape dynamics focussing 

on the airports in Tier-II Indian cities and identifying the appropriate AOD model for the region.  

The overall findings reveal that the airport’s location has spatial effects which consequently affect 

the airport’s network performance. It also signifies that the airport’s impact at the air network level 

also has implications for the local urban growth and shape dynamics. Further, it indicates that an 

airport and its region have a multi-layered relationship between them, resulting in patterns of 

spatio-temporal changes. The research has fairly attained an understanding of the role of the 

location and network of an airport in the growth of the city and shaping it. The present research is 

the first of its kind of a collective attempt to employ the dimensions of location, network, and 

shape in the airports’ efficiency assessment and its impact on urban planning and regional 

development. The research seeks to provide a cumulative deductive methodology to assess the 

scope and potential of AOD. The research is of significant relevance to the emerging vision of 

urban and regional planners and policymakers working in the domain of infrastructure (airport) 

induced urban growth and regional development. The research is an inclusive attempt to advance 

their vision in the domain of fulfilling a balanced development in the ladder of the system of cities.  

 

Keywords: airport-oriented development, location, spatial effects, network assessment, shape 

dynamics, Tier-II cities, India 
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Modeling, analysis and implementation of maintenance activities of systems have been a complex 

and cumbersome task since ages. Multi-component maintenance models are concerned with 

optimal maintenance policies for a system consisting of several units of machines or components, 

which may or may not depend on each other on three counts, viz., economically/ stochastically/ 

structurally. On one hand, interactions between components complicate the modeling and 

optimization of maintenance, on the other hand, interactions also offer the opportunity to group 

maintenance activities of components which may lead to save substantial costs. Therefore, 

maintenance models considering maintenance grouping optimization and dependencies or 

interactions among components make multi-component repairable system modelling are useful 

and attractive proposition for many industries. Additionally, on several occasions and due to 

diverse reasons, collection of relevant failure data/history from industries is a difficult task, and in 

some cases, we get only partial/incomplete data of system which makes the maintenance modelling 

a difficult task. Therefore, this research focuses on the following three objectives, viz., 1) Failure 

interaction or stochastic dependency modelling among components of a system, 2) A multi-

component maintenance cost and availability model which utilizes both economic as well as 

stochastic dependency to group maintenance activities of components 3) Develop a model which 

deals with the missingness in the failure data or partial set of failure data of components in 

maintenance engineering analysis.  

The research work modelled stochastic dependency or failure interaction among components of a 

system by using Bayesian Network (BN). Failure probabilities of components have been used as 

the variables in BN. Two scenarios have been considered in this BN modeling; one with aggregated 

expert opinion approach and other with the help of failure time data of components in a system. 

The training and testing of the BN are carried out, and to infer on unobserved variables, Recursive 

Conditioning (RC) algorithm has been used. In RC algorithm, BN is decomposed into smaller sub- 

networks, known as d-trees, that can be solved (inferred) independently. The results from the BN 

have been compared with the real time data to check the prediction accuracy of BN. The Root 

Mean Square Deviation (RMSD) and Percentage accuracy of the prediction have been used to 

check how well the BN predicts unknown scenarios.  

 

The failure interaction information is utilized in modelling to group components to determine the 

time to carry out their maintenance activities simultaneously. The formation of group(s) is based 

on extent of dependency among them. Both maintenance cost as well as availability optimization 

of grouped components have been performed. It is compared with maintenance cost and 

availability of system when maintenance activities performed on components individually. Penalty 

functions have been formulated for shifting of maintenance activities of components.  
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The issue of missingness in failure data of components while reliability modelling has been tackled 

using m-graph. In a missingness problem, we check whether we can find a consistent estimator of 

joint probability distribution value with missingness present in failure data of components in a 

system. Based on the type of missingness present in data. a missingness graph is made, which 

includes fully observed variables, partially observed variables, proxy variables and causal 

mechanisms responsible for missingness with dependency among them. Based on this dependency 

information, joint distribution equations have been derived for each type of missingness present in 

the data. Case studies for each objective have been presented to validate and demonstrate the 

suitability of each approach in practical scenario.  

 

Keywords: Stochastic dependency, Bayesian network, Penalty function, grouping optimization, 

missingness graphs. 
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The demand for functional foods containing probiotics and bioactives is increasing. In this thesis, 

lactic acid bacteria as probiotics and GABA as a bioactive were coencapsulated using different 

techniques viz spray drying, freeze drying and double emulsion using ultrasonication in a 

biocompatible matrix. Bulk encapsulation was achieved using spray and freeze drying by 

optimizing the wall material composition. The optimum shell composition obtained by D-optimal 

mixture design was 0.4% inulin, 4.6% dextran, and 8.4% of maltodextrin respectively. Various 

homogenization techniques have been used to encapsulate bacterial cells via emulsification using 

homogenizers. However, the encapsulation of bacteria using ultrasound is relatively unexplored, 

and the survival of bacteria during ultrasonication is yet to be investigated. The possibilities of 

encapsulating L. plantarum and GABA in an inner aqueous phase of (W1/O) single emulsion using 

ultrasound was explored. The bacteria cells were treated using a 20 kHz, 3 mm microtip ultrasonic 

horn for varying sonication times at 10 W calorimetric power and the cell viability was assessed. 

No significant differences were observed in the bacterial counts of control and the sonicated 

samples. Single emulsions (W1/O) were prepared using W1 (2% w/v bacterial cells and 5% w/v 

GABA) and soyabean oil (O) with 1% w/w PGPR, with a volume ratio of 40:60 and ultrasonication 

(3 W/mL for 30 s) to produce a stable emulsion. Double emulsion microcapsules (W1/O/W2) were 

prepared using the single emulsion (W1/O) mixed with W2 (5% w/v dextran or 5% w/v whey 

protein solution, or 5% dextran and 5% GABA solution) by ultrasonication (3W/mL for 10 s) at 

volume ratio of 20:80. During sequential in vitro digestion, dextran capsules were stable in 

simulated stomach and small intestine juices. Dextran capsules were freeze dried to form shelf-

stable true capsules. Spray dried (SD), freeze dried (FD), double emulsion (DE) and double 

emulsion freeze dried capsules (DFD) were compared and found that SD powders have good 

flowability and better shelf life compared to DFD powders. However, the DFD powders were able 

to provide reasonable protection to the LAB during both storage and digestion, whereas the bulk 

powders could confer good protection during storage but limited protection during in vitro 

digestion. A grain-based functional beverage premix and cookies were developed by incorporating 

SD and DFD microcapsules. SD powder was added at 10 or 20% w/w to beverage premix samples 

and stored for 75 days under refrigerated (5 oC, 90% RH) or ambient (25 oC, 40 % RH) conditions. 

Physicochemical properties such as nutritional profile, water absorption index (WAI), water 

solubility index (WSI), color, the viability of probiotics, GABA content, and sensory attributes 

were analyzed. The incorporation of 10% w/w microencapsulated probiotic powder was adequate 

to retain desirable functional properties in the resulting beverages with an overall acceptability 

score of 7 on the hedonic scale. The results showed that beverage premix-maintained L. plantarum 
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viability (>107 CFU/g) and GABA content (> 30 mg/g) during storage of up to 75 days. Free 

bacteria died during baking while some of the microencapsulated bacteria survived in the cookies. 

Microencapsulation improved the viability of L. plantarum during baking up to 15 min in oven at 

160°C. GABA was stable during the baking process for both the control and microencapsulated 

cookies. Thus, the microencapsuled L. plantarum and GABA can be used in developing functional 

food products. 

 

Keywords: Probiotics, GABA, Encapsulation, Ultrasonication, Functional food, Beverage premix 
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HAYNES 282, a newly developed γ′ strengthened wrought superalloy, is a potential material for 

hot gas path components in advanced Ultra Super Critical (AUSC) steam turbine application. In 

the present study, effect of ageing on microstructure evolution and high temperature mechanical 

properties under monotonic and cyclic loading were investigated and analyzed in light of 

underlying deformation mechanisms and failure modes. Through variation in ageing temperature 

and time a wide variation in microstructure was achieved. There were variations in volume fraction 

and size distribution of γ′ precipitates and in some cases, formation of nano carbides, which 

affected mechanical response of the material differently. In the study of precipitation of γ′, an 

integrated analysis of evolution of both the aspects of microstructure, i.e., the size of γ′ precipitates 

as well as the lattice misfit at the interface, in light of elemental partitioning was investigated. 

Based on kinetic analyses, involving the interface compositions at the γ/γ′ interface, different rate 

controlling elements were identified separately at the growth (Cr and Ti) and the coarsening (Mo) 

stages of γ′. The driving force for these two processes being different, such different rate 

controlling elements for the two stages are justified and reported for the first time. Interface phase 

compositions were obtained from atom probe tomography (APT). High temperature (760 °C) 

monotonic tensile response of the material for different ageing conditions was investigated. Under 

tensile loading at high temperature, no evidence of shearing of γ′ precipitate was found. 

Deformation through twinning was observed for the microstructures with γ′ precipitates. Higher 

flow stress and strain hardening for microstructure aged at higher temperature was explained in 

terms of resistance of dislocation motion by different size γ′ precipitates, dislocation pinning by 

nano carbides, formation of forest dislocations, and twin-twin interactions. Ductility variation was 

explained in terms of variation in growth of twins and presence of brittle carbides and size variation 

in γ′ (as in absence of shearing, γ′ also acts as a stress raiser). High temperature (760 °C) low cycle 

fatigue (HTLCF) response as a function of ageing condition was investigated. A change in 

deformation mechanism of overcoming γ′ precipitates from shearing (for lower temperature aged 

microstructure) to Orowan looping (for higher temperature aged microstructure) was observed. 

Formation of nano-carbides at higher ageing temperature caused its better LCF response. Failure 

mode was found to change from predominantly intergranular (for lower temperature ageing) to 

transgranular fracture (for higher temperature ageing). It was explained in terms of presence of 

larger MC carbides on grain boundaries for lower temperature aged microstructure and absence of 

it on grain boundaries and presence of very fine nano carbides inside grains in case of higher 

temperature aged microstructure. Creep-fatigue (C-F) response (at 760 °C) of the material (760 

°C, 9 days ageing condition) as a function of dwell position (tensile, compressive and both peak 

strains) and time (100 s and 500 s) was investigated. Damage parameter, effective stress relaxation 

per cycle and strain energy density were found to correlate well with C-F life. A change in 

deformation mechanism from shearing to Orowan looping explains the difference in damage as a 
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function of dwell position. The present material shows an inherent anisotropy in strain hardening 

behavior, being higher under compressive loading. This anisotropy causes the material to damage 

more under compressive dwell compared to tensile dwell. 

 

Keywords: Ni-based superalloy, HAYNES 282, ageing, growth kinetics, coarsening kinetics, 

atom probe tomography, solute partitioning, tensile, low cycle fatigue, creepfatigue, deformation 

mechanism, failure mode. 
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RECQ1 is the smallest and most abundant among the five human RecQ helicases and can unwind 

complex DNA substrates like replication and recombination intermediates with a 3’ to 5’ polarity 

in presence of ATP. RECQ1 is also capable of annealing complementary strands in absence of 

ATP. This strand annealing activity is thought to be important during branch migration and 

Holliday junction dissolution. RECQ1 comprises two RecA like domains and a RecQ C-terminal 

domain containing the zinc-binding (ZnD) and winged-helix (WH) domain. Mutations or deletions 

on the tip of a β-hairpin located in the WH domain are known to abolish the unwinding activity. 

Interestingly, the same mutations on the β-hairpin of annealing incompetent RECQ1 mutant 

(RECQ1T1) have been reported to restore its strand annealing activity. In an attempt to unravel 

the strand annealing mechanism, the role of the β-hairpin and contribution of the WH domain in 

modulating the strand annealing activity was investigated. Analysis of the interface between ZnD 

and WH domain identified an α-helix located in ZnD that potentially interacts with the residues of 

WH domain. These interactions play a significant role in strand annealing activity. The present 

-helix or mutation of specific residues on it restores strand 

annealing activity of annealing deficient constructs of RECQ1. The results obtained also 

-helix induce conformational changes and affects DNA 

stimulated ATP hydrolysis and unwinding activity of RECQ1. This study, for the first time, 

provides insight into the conformational requirements of the WH domain for efficient strand 

annealing by human RECQ1. 

 

Keywords: RECQ1, strand annealing, winged-helix, conformational change, DNA binding 
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Multimodal sensing has facilitated the development of more innovative contextaware services, 

which actually form the core idea behind smart infrastructure development. However, with 

thousands of sensors continuously sensing the context, there can be a significant context pressure 

on the users concerning the privacy of the information captured. Motivated by this concern, we in 

this thesis look into the problems that plague the development of such services. Definitely, with a 

plethora of sensors sensing the context, the first concern that appears is regarding the presence of 

side channels that may breach the users’ privacy. These information leaks often appear through 

alternate modalities that the user is unaware of and yet potentially capture signatures regarding the 

user’s context. To elaborately study this, we first start with the analysis of the alternate modalities 

like typing and smartphone engagement patterns for detecting mobility context. For this, we first 

collect a large amount of crowdsourced keystroke and application usage data. With the insights 

gained from the detailed analysis of this crowdsourced data, we understand that keystroke patterns 

indeed carry signatures to characterize the mobility state and can be used to sniff the mobility 

context even if the user has explicitly turned off the access to the location and locomotive sensors. 

Based on this understanding, we design an energy-efficient machine learning (ML)-based 

adversarial framework that can sniff the mobility data from the users’ smartphones using only the 

keystroke and application usage patterns. However, irrespective of whether the objective is to 

develop a dedicated contextaware service or an adversarial framework, one mandatory 

requirement in all these cases is the need for a significant volume of labeled data. With multimodal 

sensing in place, a massive volume of data is generated, which is challenging to annotate with the 

conventional human-in-the-loop-based approach. Motivated by this concern, we next develop an 

automated annotation framework that can generate labeled inertial measurement unit (IMU) data 

for personalized human activity recognition (HAR). Under the hood, the system precisely performs 

cross-modal change detection across the locomotive sensors and the environmental acoustic 

signatures, as an auxiliary modality, to generate precise labels for the IMU data without involving 

any human-in-the-loop. Next, we extend this idea of automatic annotation of personalized 

locomotive sensing for smart infrastructures with two occupants leveraging on the inherent 

behavior of human beings while performing complex activities of daily living (ADL). Finally, we 

investigate the general semantics surrounding annotations concerning HAR. From a detailed 

analysis of the human-in-the-loop-based approaches and the machine-assisted annotation systems, 

including our own frameworks, we observe a prevailing concern regarding the overall 

informativeness of the obtained (or generated) labels. As an informative label can provide the 

model with critical information for precise HAR, detailed labels are more of a necessity than a 

luxury. To understand this, we develop a framework that can assess the informativeness of the 

labels and provide feedback to the annotators in case re-annotation is required. To summarize, we 

perform a longitudinal study of human activity context in the purview of multimodal sensing. 
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Through these detailed analyses, we show that multimodal sensing could indeed cause severe 

information leakage. However, at the same time, there are several opportunities to use the 

multimodal information as auxiliary sources that can help design systems that can facilitate the 

development of intelligent context-aware services through precise HAR.  

 

Keywords: human activity recognition; mobile computing; keystroke patterns; human-in-the-

loop; change-points; locomotive sensing; acoustic sensing  
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Program comprehension is a cognitive process used by software developers to understand software 

artifacts using the knowledge of the domain and the semantic / syntactic knowledge of the program 

(source code). It is widely accepted that developers spend significant amount of their time 

understanding code instead of writing new code or modifying existing code. This results from the 

nature of software development, particularly maintenance, which consists of repeated cycles of 

debugging, coding for fixes, testing, and release. As maintenance forms 70% of SDLC models 

costs, a significant determinant of software costs depends on a developer’s productivity in terms 

of his/her ability to understand pre-existing code accurately and reasonably quickly. It is critical 

for obtaining valuable insights into a given software system’s implementation as good and well-

updated documentation of specifications and designs are rarely available in live projects. Despite 

the natural importance, incomplete and inadequate documentation is common, which hinders the 

program comprehension process. Further, software developers are primarily trained to write code 

rather than to read codes written in the past. Hence, qualitative and quantitative analysis of code 

reading patterns of developers can give valuable information to estimate developers’ productivity 

and aid code comprehension. 

 

Code comprehension involves code reading as well as building mental models of computation as 

encoded. Eye tracking can be used effectively to observe the reading behaviour. With the syntax 

and semantics of the code being read, eye tracking information can lead to insight for the efficiency 

of perception by the developer. In this study, a front-end framework has been built for a program 

comprehension assessment system using the Tobii X2-30 eye-gaze tracker to capture the eye 

movements at 30 samples/sec. The eye tracker’s data stream is analyzed offline with the program 

text to generate the reading sequence of the tokens as read by the developer. Experiments have 

been performed to collect the data for a selected set of the subjects (volunteering participants from 

IIT Kharagpur). From these, reading patterns have been extracted using gaze patterns and fixation 

points; source code comprehension performance have been estimated using performances in post-

reading recollection and / or debugging tasks; and psychological aspects of the subjects have been 

assessed through simple psychological games. In addition, the data about academic performance 

of the subjects have also been used in the analyses, as these are used often as indicators of 

productivity in recruitment and appraisals in the industry. This study explores how “novices” and 

“non-novices” can be differentiated based on code reading skill, code comprehension task 

performance, and psychological gaming score. Clustering of the subjects has been performed by 

the k-means algorithm using the reading patterns, post-reading performance, academic 

performance and gaming scores and has been validated using the statistical approaches. The 

productivity of the developers has been correlated between academic performance and their gaze 

patterns and programming task assessment. Similarity between academic performance and source 
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code element reading; academic performance and code comprehension performance score; and 

academic performance and psychological games score have been found to be approximately 78%, 

51%, and 56%, respectively for all subjects together. It is further observed that about 42% of the 

subjects with higher academic performance were able to identify the bugs in the stimuli provided 

to them, whereas about 54% of them performed well in the code comprehension tasks. We then 

use existing cognitive models to infer different ways in which subjects comprehend code. It has 

been shown earlier by others that reading patterns such as a top-down and bottomup approach 

broadly define how a subject comprehends a code. In comparison, story order and execution order 

defines the syntactical understanding of code. In this study, we identify the comprehension patterns 

at more granularity using the program’s semantic contents. We have framed specific 

comprehension patterns based on semantic concepts of the programming language using regular 

expressions. Then the reading patterns of the subjects are used to trace the proposed 

comprehension methods. It is observed that subjects read the “function body" of a program, more 

frequently for codes with the error, whereas for bug-free codes, “loops" are the most visited areas. 

Similarly, both non-novices and novices frequently swap attention between “declaration 

statements" and the other code syntax. Next, to estimate program comprehension, eye movements 

over all lines of the code have been considered. The backward eye movements within the code 

reading pattern have been considered to better segregate the comprehension behavior by the 

novices and the non-novices. The essential factor that affects the eye movement is the backward 

gaze transitions when analyzing the above results. The factor represents different results for the 

groups - novices and non-novices. Non-novices have fewer backward gazes and lower overall 

fixation time, emphasizing that a code is read carefully without any rereading from beginning to 

end. Whereas for novices, the frequency of rereading the code segments and the overall fixation 

time is more, which might be due to step-by-step reading or frequent movement within the code 

without any mature reading strategy. This study helps to explore various features that can identify 

the novices among a group of subjects. Comprehension strategies, gaze transitions, and 

comprehension effort can be used to build tools to aid for training the novices for better ways to 

comprehend codes. 

 

Keywords: Program Comprehension, Eye Gaze Tracker, Code Reading, Comprehension 

Approaches, Comprehension Effort 

 

 

 

  



 

 428 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

DEEP LEARNING–BASED MULTIMEDIA FORENSICS AND MALWARE 
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Accession No: NB17529 

 

The democratization of easy–to–use, sophisticated image editing software hrough rapid 
advancement in digital technology has led to the circulation of enormous number of fake 
and manipulated images through the Internet and social media. Fake imagery 
misrepresents the truth and manipulates viewers, thus calling for analysis methods to detect 
and uncover the history of questionable multimedia contents. Over the past decade, 
Multimedia Forensics has grown dynamically to build up techniques that provide ways to 
test the authenticity and integrity of an image to identify forgeries. Multimedia forensics 
analyses an image using image processing methods and domain expertise to reconstruct 
the processing history of the image since its acquisition, and detect manipulations (if any). 
In the first part of this thesis, we investigate finding traces of manipulation and using the 
benefits of decision–making performance of Machine Learning and Deep Learn- ing 
algorithms to develop multimedia forensics tools. An adversary may perform copy–paste 
forgery where portions from JPEG image files are copy–pasted into another image file 
(JPEG, TIFF, etc.) and then save it in uncompressed format (TIFF) or compressed format 
(JPEG). Multiple compression traces in an image would suggest the possibility of image 
manipulations. We first develop two blind JPEG–based forgery detection tools by 
identifying traces of double JPEG com- pression; first, by computing an optimal error–
image matrix that depicts the exis- tence of forgeries and secondly, by extracting Discrete 
Cosine Transform Residual (DCTR) features and using a Support Vector Machine (SVM) 
model for classifica- tion. However, a manipulated image is often made to undergo post–
manipulation processing techniques to conceal detectable traces of forgeries. These efforts 
of removing detectable traces of forgeries are termed “anti–forensics”. Next, we re- sort to 
devising a counter anti–forensic method that exploits the traces left by the anti–forensics 
methods using a Deep Learning (DL) algorithm that locally and globally allows the 
extraction of residual features for classification. We specifi- cally target to develop a 
counter anti–forensic method on median filtered JPEG images. In another category of 
multimedia forensics, i.e., the identification of 3D rendered Computer Generated (CG) 
images, most state–of–the–art Convolutional Neural Network (CNN) based techniques 
come at the cost of high computational overhead, both during training and testing. In this 
thesis, we develop an efficient DL technique that, instead of processing an entire image, is 
trained to adaptively integrate features extracted from the sequence of selected patches of 
the input image. Thus, resulting in fewer computational parameters and lesser computation 
time for performing the classification. 

Malware Classification is currently an active field of research related to com- puter 
security. Classification of malware is helpful for the analyst to get a better insight into the 
functioning of the malware. In the next part of this thesis, we develop a malware 
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classification method based on malware visualization using DL technique. The main 
insight behind the use of malware visualization is to use image processing methods to 
identify visual patterns in the layout and texture of a binary malware program so as to infer 
its family. We investigate a CNN archi- tecture that can effectively train and classify 
malware program files represented in RGB and grayscale image forms. Using a multi–
scale attention based technique, the network is guided to focus its learning on those spatial 
parts that contain information relevant to the input. 

Keywords: Multimedia Forensics, JPEG–based Forgery, Median Filtering At- tacks, 
Computer Generated Images, Malware, Deep Learning 
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Friction stir spot welding (FSSW) is a variant of Friction stir welding (FSW), an advanced 

technological solution that joins dissimilar materials in their solid-state. The welding technique is 

used in various industrial applications, including aerospace, automobiles, railroads, shipbuilding, 

etc. There can be potential applications for joining dissimilar materials such as pure aluminum 

(Al) and copper (Cu) in battery packs for electric vehicles applications. This thesis describes 

investigations on joining various Al and Cu material combinations, using FSSW as a substitute 

welding method for the existing welding techniques, i.e., resistance spot welding and ultrasonic 

welding employed by the present battery pack manufacturing industries. However, the challenge 

lies in the successful implementation of FSSW. A state-of-the-art and structured review has been 

conducted on the subject to identify the disadvantages of existing welding techniques and how 

FSSW overcomes those drawbacks to fabricate good quality joints. Several experiments are 

performed to determine the optimum conditions for welding. The mechanical and electrical 

properties of the weld joints are determined by many factors, including heat generation, 

microstructure evolution, intermetallic compounds (IMC), weld defects, etc. One of the major 

contributions is a detailed experimental and simulation study of heat generation caused by FSWed 

Al-Cu busbars in Li-ion batteries subjected to different charging rates. Busbars, obtained with 

varying process parameters, have different heat generation. This is mainly due to variations in 

microstructures and IMC formation at the weld nugget zone. The optimal contact resistance is 

obtained from the simulation by validating the heat generated during the experiment. Besides 

these, molecular dynamic simulations are performed to understand the diffusion mechanism and 

electrical conductivity between similar FCC crystal materials, i.e., Al and Cu. The insights and the 

developed solutions are expected to benefit the battery manufacturing industries to implement or 

are practicing FSSW.  

 

Keywords: Friction stir welding, Dissimilar materials, Li-ion batteries, Busbar, Electrical 

conductivity, Fatigue, Intermetallic compounds, molecular dynamic simulation. 
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CLUSTERS AS 

SUZUKI-MIYAURA CATALYSTS 
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In the past few decades, C-C cross coupling reactions have been extensively utilised for the 

advancement of synthesis protocols for agricultural and pharmaceutical products. Of all the 

reportedC-C cross coupling reactions, Suzuki-Miyaura reaction is one of the most preferred 

reactions because of its mild reaction conditions, commercial availability of associated reagents 

and the ease of removal of boron containing by-products. Recently, Corma and co-workers [Leyva-

Perez et al., Angewandte Chemie, 2013, 125, 11768] reported water-stabilized Pd3 and Pd4 

clusters as highly active catalytic species for C-C cross coupling reactions. Due to inadequate 

information on the detailed mechanistic insights of Pdn cluster catalysed Suzuki-Miyaura reaction, 

we carried out computational investigations under the density functional theory framework to 

explore the mechanistic insights into Suzuki-Miyaura reaction with Pd3 and Pd4 clusters. In this 

study, we analysed the role of the base, which was found to lower the Trans mutilation barriers 

over both Pdn clusters. Free energy landscapes for Suzuki-Miyaura coupling of bromobenzene and 

phenylboronic acid over Pd3 and Pd4 clusters were developed. Oxidative addition was found to 

be rate limiting step, in the presence of base, with free energy barriers of 1.50 and 1.32 eV over 

Pd3 and Pd4, respectively. The active nature of small-atom Pd clusters was demonstarted by our 

detailed energetic analysis in catalysing Suzuki-Miyaura reaction. 

 

In search for heterogeneous catalysts, grapheme Nano sheets have been widely used as a support 

for immobilizing catalytically active Pd nanoparticles or clusters. By using DFT, we performed a 

systematic investigation of binding energetics, electronic charge, and migratory surface barriers of 

free and solvated Pdn clusters over pristine and defect-ridden graphene. Intrinsic as well as 

extrinsic defects were considered. In intrinsic defects, Stone-Wales defect, single vacancy defect 

and double vacancy defect were considered while in extrinsic defects, boron, nitrogen and oxygen 

doped systems were considered. Our investigation suggested double vacancy defected grapheme 

and B-doped grapheme as excellent materials providing strong traps for Pd3 and Pd4 clusters 

which not only immobilized Pd clusters on them but also hindered their surface migration. 

 

In the series of designing heterogeneous catalysts for C-C cross coupling reactions, we came across 

CeO2 as a support, which is known to stabilise transition metal (TM) nanoparticles or clusters on 

its surface preventing the loss of their catalytic activities. To understand the reasons behind the 

stability of Pdn clusters over CeO2 (111) and (110) surfaces, we carried out DFT calculations. Our 

analysis revealed the effect of the vacancy defects to be marginal on the binding of the clusters 

over the studied surfaces. However, surface diffusion barriers were significantly altered by the 

presence of vacancies. Our investigation highlighted pristine CeO2(110) and sub-surface vacancy 

defected CeO2(111) surfaces as excellent materials providing good binding and high surface 

diffusion barriers for the localized binding of Pd3 and Pd4 clusters.  
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In continution to the above stability of Pdn clusters over graphene and CeO2 supports, we 

investigated the activities of small Pdn (n=3,4) clusters immobilised over both graphenes and 

CeO2 surfaces for the oxidative addition of bromobenzene in the presence of water solvation, 

which is rate limiting. We calculated the adsorption energetics and activation barriers of oxidative 

addition for a series of graphene and CeO2 supports and compared with homogeneous free Pdn 

catalysts. Our theoretical investigations reveal that the graphene and CeO2 supports acts as charge 

donors, reducing the activation barriers of oxidative addition drastically when compared to free 

Pdn clusters. Double vacancy defected graphene, B-doped graphene and pristine CeO2 (110) 

surfaces were concluded as the potential supports providing strong anchoring sites for small Pdn 

(n=3,4) clusters and reducing the oxidative addition barriers, making them suitable heterogeneous 

catalysts for C-C cross-coupling reactions. 

 

Keywords: C-C cross coupling, Suzuki-Miyaura reaction, Pdn clusters, heterogeneous 

catalysts,intrinsic and extrinsic defects, CeO2 surfaces, surface migration, oxidative addition, 

density functional theory. 
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In this study, we investigate solutions based on degenerate and non-degenerate tetrad phases of 

first-order gravity, where they are joined smoothly across the phase boundaries. We apply this 

framework to address the issue of causal singularities in vacuum gravity theory. In particular, we 

show that using both these phases in first-order vacuum gravity it is possible to eliminate the closed 

time like curves. This is done by constructing a new continuation of Taube space-time which does 

not evolve into a NUT phase. Next, we show how four-dimensional degenerate geometries could 

source an apparent electric and magnetic charge. We discuss the implication for the point charge 

singularity as is typical in standard Einsteinian gravity and also for the observability of magnetic 

monopoles in nature. In addition, we provide a topological interpretation of these emergent charges 

in pure gravity in terms of the Euler and (torsional) Nieh-Yan topological numbers respectively.  

In the final part of our thesis we apply the degenerate metric phase to lower dimensions in order 

to construct a degenerate tetrad solution of first-order gravity. We construct a two-dimensional 

theory of gravity as a generalization of Jackiw Teitelboim constant curvature gravity. This is done 

by invoking an appropriate dimensional reduction in three dimensions. We also provide proof of 

the fact that the emergent two-dimensional theory of gravity remains preserved under the inclusion 

of higher-order Lovelock terms when the space-time dimension is greater than three (D = 3 + 2n).  

Keywords: Degenerate metric, General Relativity, First Order Formulation.  
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In the era of technological revolution in the nanoscale, nano-allotropes of carbon have become 

quintessential for modern advanced engineering. These nano-carbons, graphene in particular has 

become an integral component in the field of rubber Nano composite technology as a reinforcing 

material. Use of pristine graphene as well as its hybrids with other nanofillers and carbon black 

displays enormous potential for achieving extra-ordinary properties in rubber composites and also 

addresses the sustainability issue. With the aim of developing facile techniques to fabricate 

industrially applicable graphene and its hybrids, various bottom-up and top-down approaches were 

explored in this thesis. Sustainable precursors like molasses and natural graphite were selected for 

the synthesis of graphene and graphene-carbon black hybrids in a facile pyrolytic method. 

Electrochemical and micro-mechanical cleavage techniques were also studied and modified to 

establish feasible techniques for exfoliation of graphite in presence of carbon black, resulting in 

unique hybrid nanostructures. All these methods were developed by stepwise structural analysis 

of the intermediates and understanding the plausible process mechanisms. The hybrid 

nanostructures thus produced, were extensively characterized by techniques such as X-ray 

diffraction, X-ray photoelectron and Raman spectroscopy, scanning and transmission electron 

microscopy, atomic force microscopy etc. and the results are discussed herein. The graphene-

carbon black hybrids were then incorporated into styrene butadiene rubber matrix as fillers and the 

properties of the rubber nanocomposites were thoroughly studied. Uncured rubber compounds 

were tested for bound rubber content, gel fraction and Payne effect and the hybrid fillers displayed 

substantial enhancement in the properties compared to pristine carbon black. The rubber 

vulcanizates were tested for mechanical properties by tensile test, abrasion resistance test, and 

temperature and strain sweeps in dynamic mechanical analysis. A maximum of 86% reinforcement 

in tensile strength was achieved by the hybrid filler over carbon black and the hybrid fillers also 

enhanced typical tire properties, such as rolling resistance, ice and wet traction etc. Finally, an 

insight into the mechanism of reinforcement by the hybrid fillers was provided by the 

entanglement rubber tube model that indicated significant reduction in the rubber tube dimension 

and end to end distance in presence of dual filler system and explained the augmentation in the 

mechanical properties of the composites.  

Keywords: Graphene, Hybrid fillers, Graphene-carbon black hybrids, Rubber nanocomposites, 

Mechanical properties   
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This thesis focuses on developing a novel damage identification method for different civil 

structures utilizing metaheuristic algorithms with multi-stage strategies using sparse modal data 

collected from limited sensors. Structural damage identification (SDI) is formulated as an inverse 

optimization problem where damage severity in each element of the structure is considered as an 

optimization variable. A weighted linear combination of the natural frequencies and modes shapes 

of the structure is used to construct the objective function. The formulated objective function is 

minimized by the multi-stage strategy employing a metaheuristic algorithm. In the present work, 

two new multi-stage strategies are developed, and these strategies with different metaheuristic 

algorithms are applied for the SDI of different types of structures.   

At first, a self-controlled multi-stage optimization method for damage identification of truss 

structures utilizing standard particle swarm optimization (PSO) algorithm is proposed. The 

objective function is minimized by a self-controlled multistage (SCMS) strategy to identify and 

quantify the damage extent of the structural members. In the first stage, the standard PSO is utilized 

to get an initial solution to the structural damage identification problem. Subsequently, the 

algorithm identifies the most damage-prone elements of the structure using an adaptable threshold 

value of damage severity. These identified elements are included in the search space of the standard 

PSO at the follow-up stages. Thus, the algorithm reduces the dimension of the search space and 

subsequently increases the accuracy of the damage prediction with a considerable reduction in the 

computational cost. The efficiency of the proposed method is investigated and compared with 

available results through three numerical examples considering both with and without noise. The 

obtained results demonstrate that the present method can accurately estimate the location and 

severity of multidamage cases in structural systems with less computational cost.   

Next, a multi-stage optimization technique is proposed for damage detection of the thin plate-like 

structures using sparse modal data collected from the limited sensors. The response of the thin 

plate structures is obtained from a finite element (FE) model, which is developed with constant 

strain triangle elements. The second-order approximation of the Neumann series expansion-based 

model reduction is applied to numerically simulate the state of sparse sensors. The objective 

function is minimized by the proposed multi-stage (MS) strategy employing a hybrid metaheuristic 

algorithm based on the particle swarm optimization and gravitational search algorithm (PSOGSA). 

The algorithm identifies the healthy elements in each stage and eliminates them from the search 

space of the next stage. Thus, the search space dimension of the optimization problem reduces in 
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each stage, and actual damaged elements are identified effectively. The efficiency of the proposed 

method is demonstrated through two numerical examples with different damage scenarios. It is 

observed that the proposed PSOGSA with the developed novel MS strategy can identify the 

damage in the thin plate structures with sparse modal data more accurately and cost-efficiently 

than the other well-established algorithms. 

Finally, an efficient multi-stage optimization-based damage identification method is proposed for 

the truss and frame structures equipped with a limited number of sensors. In this approach, FE 

model is developed to simulate the response of the actual structure. The limited sensor condition 

for this FE model is achieved by the modal reduction method. A comparison study among the three 

well-established modal reduction methods has been performed, and the iterated improved 

reduction system (IIRS) approach has been selected for the present study. This objective function 

is minimized by the improved teaching learning-based optimization - particle swarm optimization 

(ITLBO-PSO) utilizing both SCMS strategy and MS strategies. The SCMS and MS strategies 

automatically reduce the search dimension of the optimization problem in each stage, and their 

results are compared. Four examples with different damage scenarios from the relevant literature 

are considered in the present study to demonstrate the efficacy of the proposed method. The results 

for both with noise and without noise are compared with nine other well-established algorithms. 

The results show that the proposed ITLBO-PSO with SCMS strategy identifies damages with 

adequate precision and outperforms the other algorithms with SCMS strategy and ITLBO-PSO 

with MS strategy regarding the accuracy and computational cost.  

The main contribution of this thesis includes the development of two novel multi-stage strategies 

and an extensive comparative study of these proposed strategies for SDI utilizing metaheuristic 

optimization methods. In addition, an efficient novel hybrid metaheuristic algorithm (ITLBO-

PSO) is proposed for structural damage identification with incomplete modal data employing the 

SCMS strategy.  

 Structural health monitoring, Damage identification, Inverse problem, Vibration response, 

Metaheuristics, PSO, Hybrid PSO-GSA, Hybrid ITLBO-PSO.   
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With the worldwide deployment of the internet of things (IoT) and cyberphysical systems (CPS), 

it is now inevitable to ensure the real-time exchange of fresh information in time-critical 

applications. Age of information (AoI) is a currently introduced metric that is getting vivid 

attention in recent times for measuring the freshness of information. In this work, an industrial 

cyberphysical system (ICPS) consisting of a centrally controlled symmetric wireless sensor-

actuator network (WSAN) is considered. Real-time sensor updates, with or without deadlines, are 

sent to the controller for monitoring and closed-loop control of the network. These samples get 

dropped and/or replaced by fresh new samples with new deadlines once they fail to get service 

within their stipulated deadline. This work aims to accomplish the objective of maximum 

information freshness for real-time sensor updates in time-sensitive industrial applications under 

Industry 4.0. But, in CPS, the coexistence of cyber and physical units and their individual 

requirements make the problem sheer challenging in maintaining the quality of service (QoS) of 

the system. For this purpose, we have defined one new term called ‘utility of information’ and 

proposed four low complexity greedy scheduling algorithms viz. Highest Age First (HAF), 

Highest Latency First (HLF), Deadline-aware Highest Latency First (HLF-D), and Deadline-aware 

Highest Latency First Advanced (HLFD*). Moreover, their application-specific optimality are 

proved analytically, and the performances have been analyzed, verified, and compared with other 

popular policies by extensive simulations.   
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Construction of railways across areas of clay soils requires design solutions that are sustainable 

and economic, ensuring safety and serviceability. To safeguard against the trafficload induced 

failure in the subgrade, recent design solution favours provision of a cushion of stiffer granular 

layer over the subgrade, typically referred to as subballast. Owing to a relatively cumbersome and 

a costly proposition in procuring the subballast material, reinforcing the subballast with geogrid is 

a potential solution. The interlocking and tension membrane effect of geogrid induces confinement 

onto the soil mass leading to increased performance improvement.   

Literatures report the beneficial effect of geogrid reinforcement in improving the bearing capacity 

of foundation bed, but the studies are mostly on homogenous soil bed. In contrast, the ballasted 

track beds are generally multilayered systems, often constructed over clay soil. As such, a 

systematic study on the stiffness behaviour of such multilayered systems consisting of weak clay 

subgrade, subbase, and their improvement through geogrid reinforcement has not yet been well 

understood in the light of some key parameters.   

In this present investigation, a detailed parametric study has been carried out through model Plate 

Load tests and laboratory scale California Bearing Ratio tests in order to develop an understanding 

of the load-settlement behavior of railway track bed foundations and to investigate the role of 

geogrid reinforcement in improving their performance. The influence of various parameters such 

as thickness of granular layer, position of geogrid reinforcement, effect of subgrade strength and 

number of reinforcement layers on the overall performance of the multilayered foundation bed has 

been studied extensively. Tests were also carried out with a geotextile layer at the subballast-

subgrade interface for comparison purpose. The test results are analyzed to find out the optimum 

parameters giving maximum performance improvement. Further, a numerical model has been 

developed through which more detailed analysis of the system has been carried out.  

The results of the model tests showed that the overall performance depends on the quality of 

underlying subgrade material as a relatively strong subgrade renders improved performance 

compared to a weak subgrade. Irrespective of the subgrade quality, the provision of subballast 

layer increases the load bearing capacity and it is directly dependent on the thickness of the layer 

with a thicker section outperforming a thinner section. In case of reinforced section, the 

improvement is a function of the depth of placement of the geogrid reinforcement and the number 



 

 439 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

of reinforcement layers. Although the performance, both in terms of stiffness and bearing capacity, 

tends to increase as the geogrid was placed at a more shallow depth, a critical position of 

reinforcement was determined based on the test data. The effect of multilayers reinforcement 

showed much higher improvement but an additional layer at a very shallow depth reduces the 

performance owing to insufficient interlocking. It was also observed that a layer of geotextile at 

the subballast-subgrade interface tends to perform better than that with a layer of geogrid. 

However, provision of an additional layer of geogrid over the geotextile does not lead to further 

improvement in the performance.  

Regression analysis of the test data helped in developing models that can predict various response 

parameters of the model tests from small scale observations to a desirable level of accuracy. 

Numerical analysis with the help of Finite Element based tool ABAQUS, showed satisfactory 

match of the observations and also helped in exploring the influence of additional parameters and 

its effect in improving the performance of geogrid reinforced railway track bed.  

Keywords: Railway track bed; Clay subgrade; Subballast; Geogrid reinforcement, Plate load test; 

Numerical modeling.   
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This work presents an investigation on mechanical properties and residual stress of grit blasted 

metallic substrates and plasma sprayed oxide coatings. Initially, a comparative study on the 

characteristics viz., roughness, hardness, dislocation density and residual stress profiles of grit 

blasted substrates, namely, C-20 steel, C-45 steel, SS-316, Ti-6Al-4V, Inconel-718 and Hastelloy-

X was undertaken. Thereafter, the influence of blasting parameters on the properties of C-20 steel, 

Ti-6Al-4V, and Inconel-718 substrates was investigated. The residual stress depth profiles and 

dislocation density were measured using x-ray diffraction technique. The maximum compressive 

residual stress, hardness, and depth of affected layer were found to rely on the Johnson-Cook flow 

stress, strain hardening exponent, and yield strength of the materials, respectively. All the 

properties were found to increase with an increase in the blasting parameters. The effect of in-

flight particle temperature and velocity were decoupled, and the influence of each parameter on 

the mechanical properties and residual stress profiles of plasma sprayed alumina coatings were 

investigated. A reduction in coating porosity of upto 68%, and concomitant improvement in 

hardness and indentation modulus of 76% and 64%, respectively were observed with an increase 

in particle temperature. A rise in particle temperature also led to an increase in the tensile residual 

stress. Increase in particle velocity initially produced a reduction in porosity and concomitant 

improvement in mechanical properties. At a very high particle velocity porosity increased. 

Ceramic coatings produced at a comparable particle velocity and temperature demonstrated a wide 

range of porosity of around 6 to 17%. This large variation is attributed to the difference in the 

degree of particle melting depending on the latent heat of fusion. A strong residual stress gradient 

was observed along the top-coat thickness. This stress showed a tendency to become compressive 

along the depth of the coating. The coefficient of thermal expansion of the feedstock materials was 

found to have a significant role in determining the residual stress state of the coatings. The highly 

compressive residual stress in the grit blasted substrate was found to be relaxed after coating 

deposition, and the extent of this relaxation was correlated to the plasma power.    

Keywords: Thermal spray; Plasma spray; Grit blasting; Particle monitoring; Ceramics; Metal 

substrate; Residual stress; Dislocation density; Mechanical properties 
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The explosive growth and variation of digital repository renders the searching task non-tedious 

for a researcher. In such a provision, research paper recommendation system is advocated. In the 

designing of research paper recommendation system, proper representation of research articles as 

well as user profile, capturing users dynamic notion, appropriate ranking formalization and an 

effective recommending technique are essential tasks. To achieve this goal, several research 

paper recommendation frameworks have been proposed in recent literature. However, the 

reported recommendation systems have several drawbacks in regard of representing articles, 

capturing users’ dynamic interest in timely manner, alleviating cold start problem. In addition, in 

most of the reported literature, an effective ranking strategy has not been implied properly or 

considered at all. Whereas, a proper ranking enhance the recommendation quality. This research 

addresses these gap and aims to design a multi-criteria based research paper recommendation 

system.  

The first objective in this thesis is to identify and extract new features, such as keyword 

diversification, text complexity, citation analysis over time, and scientific quality measurement to 

represent a research article. The proposed features help to incorporate variation in 

recommendation, analyze text complexity of papers, decide relevancy of papers, and measure the 

quality of papers. At the same time, proposed features are also useful to define user 

characteristics as well.  

The second objective is to select relevant and non-redundant features from the feature set 

comprising with proposed features and traditional features of a paper. To optimize features in 

unsupervised domain, a two-stage unsupervised feature selection strategy for mixed dataset has 

been proposed. The proposed approach addresses the drawbacks of existing unsupervised feature 

selection techniques and enhance the performance of recommendation system. Moreover, it is 

scalable to data size and applicable to any type of data.  

Another important module of recommendation system is representing user profile and capturing 

users’ need dynamically. However, the existing solutions do not capture user’s intention that is 

necessity at the moment to make the recommendation perfect. In addition, they merely consider 

user’s long term and short term interest both to analysis the trend of users notion. An approach 

with deep sequential topic analysis has been proposed in this thesis to overcome the existing 

limitations.  

Finally, to recommend relevant articles to the researcher a multi criteria based personalized 

research paper recommendation system has been developed. For a given search query, the 

proposed system efficiently provide recommendation for old users as well as new users. Further, 

a feature engineering technique is utilized to unfold valuable insights of papers through multiple 
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hidden features. These features are used as a context of users as well as multiple criteria for 

ranking papers. Additionally, the system predicts a user’s intention beyond the user’s preference 

to capture the dynamic notion of a user. Finally, a novel ranking strategy is proposed to retrieve 

personalized and the most important papers.  

Keywords: Research paper recommendation system, Feature engineering, Users intention, Topic 

modeling, Ranking, Multi-criteria analysis, Personalization. 
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HIGH-PERFORMANCE WORK PRACTICES IN ACADEMIA: IMPACT 

ON ACADEMIC OUTPUT OF SELECT HIGHER EDUCATION 

INSTITUTES IN INDIA 

 

Aparna S M   
Supervisor: Prof. Sangeeta Sahney 
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Accession No.: NB17539 

 

The higher education worldwide has become performance-oriented than ever before. Immense 

importance is being placed on the academic output and efficiency. While efficiency and 

performance are more emphasized in today’s organizations, High-Performance Work Practices 

(HPWPs) have been conceived as one of the ways of achieving them. Despite the relevance of 

HPWPs in enhancing the performance, the systematic studies which understand the intervention 

of HPWPs and their impact on the academic output remain relatively under-researched. The 

present study is built on the premise that it is crucial to design work systems, policies, and practices 

that foster academic output in terms of education performance and research output. Recognizing 

the competitive nature of higher education, the present study proposes an intertwined framework 

of the Ability–Motivation–Opportunity (AMO) model and the Job Demand-Resources (JD-R) 

model to investigate the applicability of HPWPs in academia. The study considers different set of 

HPWPs, representing the ability, motivation and opportunity enhancing practices and their impact 

on academic output.  The study further takes into account the moderator effects of various 

institutional demands and resources variables like administrative workload (WL), Support staff 

(SS), Teaching aids (TAs) and Infrastructure (INF) on the relationship between HPWPs and 

education performance and research output respectively. Multilevel modeling technique like 

Hierarchical Linear Modeling (HLM) and Hierarchical Linear Regression techniques using SPSS 

22.0 were used to test the hypotheses. In the end an attempt has been made to compare the institutes 

of HE using Data Envelopment Analysis (DEA). The findings based on the responses of 385 

faculties and 443 students from 36 Indian higher education institutes indicated that the select 

HPWPs significantly improved the education performance of the institutes as well as research 

output of faculties. In case of education performance, while, workload showed significant positive 

interaction, all other institutional resource variables showed significant negative interaction 

effects. But in case of research output, teaching aids showed significant positive interaction, while 

all other variables showed negative effect on the association of HPWPs and research output. The 

study offered important theoretical as well as practical implications. Further, the findings of the 

study are expected to aid policy-makers and other stakeholders of higher education institutes.  

 

Keywords: High-performance work practices/system, Academic output, Education performance, 

Research output, Ability Motivation Opportunity Model, Job Demand-Resources Model 
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FUNCTIONAL VALIDATION OF THE NON-ACTIVE SITE RESIDUES 

AFFECTING THE PERFORMANCE OF CLASS A AND CLASS B BETA-

LACTAMASES    
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Supervisor: Prof. Anindya Sundar Ghosh 

Advanced Technology Development Centre  

Accession No.: NB17540 

 

The rapid evolution and diversity of beta-lactamases poses a significant threat to betalactam 

antibiotics used as therapeutic options for bacterial infections. The dissemination of class A 

extended-spectrum beta-lactamases, such as CTX-M, are causing the emergence of resistance 

towards the towards third generation of cephalosporins. Also, the class B metallo beta-lactamases 

such as NDMs are capable of hydrolyzing even the last resort of beta-lactams known as 

carbapenems. Such a scenario of manifestation of beta-lactam resistance compels us to understand 

the molecular mechanisms of function of these enzymes.  The molecular mechanism of these 

enzymes may be governed by the amino acid residues present in the active site as well as non-

active site residues lying proximal or distal to the active site. Therefore, we aimed to study the 

molecular characteristics of blaCTX-M-15, blaNDM-4, blaNDM-1   and to identify the crucial 

amino acid residues located outside the active site involved in the functioning of the enzymes. We 

used site directed mutagenesis to create substitution mutations to determine the role of amino acid 

residues in maintaining the resistance profile of the enzymes. Residues E169, N173 and R277 of 

CTX-M-15 were substituted individually. Except R227A, other substitutions suppressed the 

activity of CTX-M-15 as indicated by the increase in susceptibility (by several folds) of E. coli 

cells harbouring CTX-M-15_E169A and CTX-M-15_N173A, individually. The E169A and N173 

substitutions led to reduction in thermal stability compared to the wild-type protein. Further, 

kinetic analysis also indicated a loss of catalytic efficiency in the mutated proteins than the wild-

type CTXM-15. In NDM-4 and NDM-1, total eight point mutations were created, namely S191A, 

D192A, S213A, K216A, S217A, D223A, D225A and H228A. The ectopic expression of NDM-

4_D192A and NDN-4_S217A led to susceptibility of the host strain towards all the tested 

antibiotics whereas in NDM-1, only D192A mutant showed reduction in the resistance compared 

to NDM-1. Further, these mutants showed loss in catalytic efficiency when compared to their 

respective wild-type proteins. Thermal stability was found to be unaltered by D192A and S217A 

substitution in NDM-4 and D192A substitution in NDM-1, however, the D192A substitution alters 

the zinc binding ability of the proteins both in NDM-4 and NDM-1. Therefore, we infer that the 

non-active site residue of CTX-M-15, NDM-1 and NDM-4 are involved in the catalysis and 

thermal stability. 

  



 

 445 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

YIELD GAP ASSESSMENT OF RICE CROPPING SYSTEM IN MAJOR 
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Rice production needs to be increased to meet the food demand of the rising population, which is 

evoked by climate change. Since cultivable land is not going to be increased in future, the required 

rice production must be obtained from limited available resources. Previous research showed that 

reducing yield gap between potential and farmers’ actual yield could be one of the promising 

strategies for increasing rice production. It was noted that most of the yield gap studies have 

concentrated on crop management issues, and only a few studies examined about how climate 

change may affect uncertainty in rice yield gap assessments. Moreover, the accuracy of the 

regional yield gap estimate was compromised by the exclusion of regionally dispersed fine 

resolution weather and soil information from the study site. Finally, the studies on climate change 

adaptation did not consider yield gap analysis, which might offer the widest possible range of yield 

enhancement through adaptation alternatives. To address all these research gap, the present study 

has been planned to close the rainfed rice yield gap in India by identifying the most economically 

feasible agronomic adaptation approaches by considering impact of climate change and 

management factors on rice yield. Decision Support System for Agro-technology Transfer 

(DSSAT) model was used to simulate potential yield and yield in-response to management options 

for assessing the yield gap. Bias-corrected Representative Concentration Pathway (RCP) 4.5 and 

8.5 scenarios of three regional climate models (RCMs), namely- HadGEM3-RA, RegCM4, and 

YSU_RSM were used to analyze the impact of climate change on the yield gap for the future 

periods (2030s and 2040s). Field experiment results indicated that farmers' conventional 

agronomic practices might reduce the average rice yield by 0.29 t/ha. The DSSAT simulated 

results showed that climate change could reduce the rice yield from 2.13 to 1.62 t/ha in the future, 

whereas the mean rainfed yield gap of 1.40 t/ha will still exist in the study area. There will be an 

increasing yield gap of 20.9% and 22.2%, a stagnant yield gap of 29.7% and 26.5%, and a declining 

yield gap of 49.4% and 51.3% of the study area in future. The combined adjustments in 

transplanting time (advanced by fortnight), crop spacing (10 cm × 10 cm) and nitrogen fertilizer 

application (140 kg/ha) could be the best strategy to close the yield gap under climate change 

scenario that may improve rice yield by 37.5–168.0% and reduce the average yield gap among the 

cultivars from 0.74-0.16 t/ha. This study provides futuristic yield enhancement strategy to rice 

growers and lays the basis for an economic analysis to support policymakers in-charge of 

promoting the sustainability of the rainfed rice growing systems.   

 

Keywords: Yield gap; Climate change; Agronomic adaptation; DSSAT; Rice; India. 
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Accession No.: NB17542 

 

The prevention and treatment of disease depends on accurate disease diagnosis that reliant on the 

use of sensors. The development of a sensor for use in healthcare is an urgent requirement for 

disease detection. However, the materials required to produce majority of sensors for rapid 

healthcare applications are expensive and require lengthy operations. The detection can be 

performed on a paper substrate to reduce operational complexity and cost of the test. The present 

dissertation aims to develop paper based microdevice following a unique approach by establishing 

a hydrophobic barrier for confinement of liquid samples as well as reliable electrodes on paper for 

electrical analysis. To avoid the double layer capacitance that occurs at the electrode-electrolyte 

interface, electrodes are placed on the bottom surface of the paper. Non-invasive biological fluids 

such as saliva, breath, and sweat are examined using paper microdevices. Initially, a paper chip 

was utilised to analyse various concentrations of an artificial sweat sample using impedimetric 

method, followed by electrical equivalent circuit analysis to better understand the detecting 

phenomena. For the obtained impedance data of sweat samples, the sensitivity values for the lower 

and higher regions are 74.06/mM and 678.03/mM, respectively. The study was extended to analyse 

evaporation of an aqueous solution using a paper chip by electrical impedance technique. The 

evaporation process is predicted by analysing impedance variation with change of liquid volume 

in a paper chip. The weight loss process was compared to weight balancing and impedance method, 

further equivalent circuit was developed from impedance data to comprehend the evaporation 

process. Subsequently the normal evaporation process was utilised to modify the paper substrate 

to develop resistance-based sensor. The modified paper was used to analyse the human breath in 

three different modes: slow, normal, and fast. The comparison of the original paper and the paper 

that was previously treated under evaporation process is performed for the analysis of the breath. 

Time variation of resistance between two electrodes imprinted on paper chip was recorded during 

breathing process and rise and fall time is analysed for each individual peak. Results reveal that 

difference of resistance between inhalation and exhalation is much higher (17 MΩ) in sensor chip 

using paper modified by evaporation process as compared to original paper. Finally, the 

biomolecules on the artificially prepared saliva sample were detected using a paper microdevice. 

The paper microchip was further utilized to detect urease molecules of artificially prepared saliva 

samples by enzymatic process using colorimetry approach. The RGB values were calculated using 

Image J software after the photographs were shot with a smartphone camera in macro mode. The 

paper microdevice has a sensitivity of 38.61 blue value/mg and a detection limit of 0.28 mg/ml, 

according to analytical investigations. Furthermore, by using the incineration procedure, these 

paper devices can be effortlessly disposed. The noninvasive biological fluids have been effectively 

analysed using paper-based sensors. It can be used as a low-cost, easily produced device to analyse 

samples in places with limited resources. 

 Keywords: Paper based sensors, Impedance sensor, Sweat analysis, Human breath, Colorimetric 

sensor, Urease detection. 
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Indo-Gangetic plains are seismically most vulnerable due to their proximity to adjacent great 

Himalayan earthquakes and thick alluvium deposits. With rapid urbanization on this plain in the 

last few decades, there is a need to quantify seismic hazards in the Indo-Gangetic plains (IGP). 

Many significant cities with high population density are present in the IGP. A probabilistic seismic 

hazard analysis (PSHA) plays an essential role in ensuring the safety of civil structures, bridges, 

nuclear power stations, and large populations. A seismic hazard analysis (SHA) was performed 

deterministically for most of the atomic power stations in India. An attempt has been made to 

perform site-specific PSHA and to develop Ground Motion Prediction Equations (GMPEs) 

accounting for a wide range of uncertainties associated with SHA of Indo-Gangetic plains 

considering Narora nuclear power plant (NNPP) as a site of interest. Geological and tectonic 

features, as well as seismicity distribution around NNPP, has been studied in detail, and four source 

zones are named as Himalaya Zone (Zone 1), IGPI- East (Zone 2), IGPI Central (Zone 3), and 

IGPI West (Zone 4) were identified. Maximum possible magnitudes have been calculated using 

the KijkoSellevoll-Bayes method. In this study, Hazard curves and maps for Peak Ground 

Acceleration (PGA)/Pseudo Spectral Acceleration (PSA at 0.2s) have been calculated and plotted 

for four source zones separately and combined. The curve and maps are in terms of DBE (Design-

Based Earthquake as 10% probability of exceedance in 50 years), i.e. 475 years level of return 

period and MCE (Maximum Credible Earthquake as 2% probability of exceedance in 50 years), 

i.e. 2475 years level of the return period, estimated using suitable worldwide attenuation 

relationships. Based on the suitability of attenuation models for the study area, the weights were 

assigned to each model to compute the expected acceleration value at the site of interest. The 

hazard estimates have been based on a logic-tree approach to account for the epistemic 

uncertainties associated with the analysis. PGA/ PSA at 0.2s values has been plotted in the form 

of contour. PSHA study has been done in two parts based on selecting source zone radius from the 

site. In the first part of the PSHA, a 500 km radius source zone was considered. The maximum 

possible magnitudes (Mmax) observed are 9.00, 6.12, 8.10, and 6.38 for zones Himalaya, IGPI 

East, IGPI Central, and IGPI West, respectively. The b-values for these four zones were calculated 

as (1.05), (1.01), (0.81), and (0.95), respectively. Hazard map shows PSA at (0.2sec) for DBE and 

MCE type return periods expected around the site were 0.123 g and 0.497 g from all combined 

source zones. Results show that for DBE and MCE type return periods, expected PGA/PSA was 

comparable to regional level zonation map (BIS 2002, NDMA 2011). In the second part, PSHA 

for Narora nuclear power plant was computed based on the applicability range of the worldwide 

GMPEs; for this, the source zones were reduced to a 300 km radius. Mmax values for all the source 

zones based on the 300 km distance around NNPP were 7.61 ± 0.54 for Himalaya zone (Zone 1), 

6.12 ± 0.54 for Indo-Gangetic Peninsular India (IGPI) East zone (Zone 2), 6.29 ± 0.54 for IGPI 
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Central zone (Zone 3) and 6.38 ± 0.64 for IGPI West zone (Zone 4). The hazard curves for peak 

ground acceleration (PGA) and pseudo-spectral acceleration (PSA) at 0.2s for the study region 

have been obtained. Hazard maps show a PGA value of 0.0294g for 100-years return period, 

0.0616g for 475-years return period (DBE), 0.1033g for 2475- years return period (MCE), 0.1508g 

for 10K years return period, and 0.2598 g for 100K years return period level at PGA considering 

all source zones. Similarly, the hazard curve and maps were also plotted for PSA at 0.2 s. 

According to the seismic zonation map of India, most of the study area lies in Zone 4, and the PGA 

values reported in the seismic zonation map and Global Seismic Hazard Analysis Program 

(GSHAP) for the study area range from 0.3 to 0.4 g. The obtained PGA values denote the 

maximum expected PGA at bedrock level in the study area. 

 

Seismic hazard analysis for IGP requires reliable GMPEs. In our PSHA study, similar tectonic 

setup GMPEs has been used from other regions of world. In order to develop a sitespecific GMPE 

for IGP, the strong motion accelerometer recorded data of the study area from 2005 - 2015 were 

used. The proposed model includes a regionally independent geometric attenuation finite fault 

distance metric, style of faulting, shallow site response, basin response, hanging wall effect, 

hypocentre depth, regionally dependent anelastic attenuation, site conditions, and magnitude-

dependent aleatory variability. PSA of 5% damped linear pseudo-absolute acceleration response 

spectra at 27 periods ranging from 0.01 s to 10 s used for regression. Two-stage nonlinear 

regression has been used to train the functional form of a nonlinear reference model. New GMPEs 

developed in the present study is valid for active tectonic shallow crustal continental earthquakes 

for estimating horizontal ground motion for rupture distances (RRUP) ranging from 1 km to 1500 

km and magnitudes ranging from 3.0 to 7.9, and focal depth from 1-70 km. The developed GMPEs 

were compared with the Campbell and Bozorgnia 2008, 13 and 14, and North Indian GMPEs for 

IGP and the northern Himalayas, for predicting PGA and PSA which was agreed upon 

consistently. Residual analysis and calibration with observed data gives us confidence to predict 

the ground motion from the seismic gaps of Himalayan ranges for the Indo-Gangetic plains. The 

predicted coefficients of the nonlinear model are anticipated to be valuable for probabilistic 

seismic hazard analysis over the IGP. 

 

To understand the site effect due to alluvium deposits in the IGP, 1-D seismic nonlinear site 

response analyses were performed for Narora Nuclear Power Plant (NNPP) in central 

IndoGangetic plain (IGP), India. Maximum amplification at the NNPP site has been observed for 

the frequency range of 2 to 5 Hz. Amplification factors FPGA, FPSA, Fa, and Fv site factors vary 

in the range of 2.19-4.77, 2.20-5.12, 2.42-4.36, and 1.34-2.5, respectively. Amplification and site 

factors were computed at the surface from three different types of competent bedrock weathered, 

unweathered and hardrock at depths of 30 m, 80 m, and 175 m, respectively, at the NNPP site. Site 

resonance frequency coincides with the fundamental frequency of NNPP structures. The relative 

changes in amplification with bedrock depth, weighted amplification, and site factors calculated 

for three bedrock depths and depthwise variation in PGA and other parameters were estimated for 

underground structures and pipelines application purposes. Site amplification maps are applicable 

for seismic microzonation maps and design specifications.  

 

The site-specific probabilistic seismic hazard assessment (PSHA) and GMPEs of the IGP region 

through the present study will be helpful in many applications such as in Engineering or civil 

structures, in retrofitting the existing structures using the shear force derived by the expected 
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PGA/PSA. The urban development authority, policymakers, and city planners can use the results 

to prepare the upcoming civil structure project and seismic risk assessment of existing structures 

on IGP.  

 

Keywords: Probabilistic seismic hazard analysis, Narora nuclear power plant, Peak ground 

acceleration, Pseudo-spectral acceleration, Uniform hazard spectra, Ground motion prediction 

equations, Site response analysis.    
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With the advancement of the Web and an increasing number of legal documents being made 

available digitally, legal practitioners are now facing new challenges. From our discussions with 

law experts from India (faculty members from the Rajiv Gandhi School of Intellectual Property 

Law, India) as well as other countries like UK (Swansea University) and USA (Thomson Reuters), 

we understand that it is important to develop automated AI techniques for several tasks in the legal 

domain, e.g., identifying relevant documents, summarizing legal text, and so on. This thesis 

addresses certain research challenges towards developing such AI-based techniques for assisting 

Law practitioners. 

Law practitioners have to study a large number of prior cases that match a particular case. This 

calls for developing legal recommendation and prior-case search systems, the key step for which 

is to estimate the similarity between two legal case documents. Existing methods of legal document 

similarity (which rely on document text and/or citation network structure) do not exploit domain 

knowledge in the rent of a particular jurisdiction. Based on our discussions with Law practitioners, 

we understand that legal statutes (laws of a particular jurisdiction) are a valuable source of legal 

knowledge that can be used in several tasks including measuring case document similarity. We 

construct a heterogeneous network that encompasses legal knowledge in the form of statutes and 

case documents of a particular jurisdiction (India), and utilize this network for legal document 

similarity. We develop several methods that combine the textual and networking formation for 

better estimation of case document similarity. Legal case documents are lengthy and unstructured 

making it difficult to understand which parts of the document mention the facts of the case, which 

parts mention the arguments given by the contending parties, and so on. While case documents 

from some countries (Australia, USA, etc.) contain semantically structured units in the form of 

paragraph headings and section titles, documents of many countries (e.g., India) are devoid of such 

thematic segments. Hence, an important challenge is to understand the structure of these case 

documents. The task of rhetorical role labelling is to assign semantic labels (e.g., Facts, 

Arguments, Precedent, and Final judgment) to sentences in a given case document. We perform 

an extensive study with multiple Law experts to analyses the subjectivity associated with the 

rhetorical role labeling task and introduce several neural models for the task. Through extensive 

experiments on legal case documents from two jurisdictions–Indian Supreme Court and the UK 

Supreme Court – we derive several interesting insights into the task. Since reading and 

comprehending the lengthy case documents is a difficult task even for a legal expert, automatically 

creating summaries of these documents is an important problem. Existing methods for the task do 

not incorporate legal domain knowledge systematically when creating a summary. We propose an 

unsupervised method for legal document summarization that takes into account the guidelines that 

should be followed while designing case document summarization systems, based on the opinion 

of law experts. Thorough experiments on three datasets encompassing two jurisdictions – India 

and UK Supreme Court – we show the effectiveness of our proposed approach.  
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To summarize, we explore three practical problems in the area of Law-AI – case document 

similarity estimation, rhetorical role labelling, and summarization of case documents – and 

develop several AI techniques for assisting legal practitioners. 

 

Keywords: Law-AI; Legal Information Retrieval; Semantic Segmentation; Rhetorical Role 

Labelling; Document summarization; Legal document similarity; Legal citation network 
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The need for real-time monitoring of water bodies requires a technology that can provide remote 

monitoring and control of underwater activities. Underwater internet of things (IoT) has gained 

popularity in the last decade due to the potential of the technology to monitor underwater 

environments remotely and continuously. Underwater IoT systems comprise different sensors such 

as temperature, salinity, pH level, camera, and motion that monitor the aquatic environment, guide 

navigation, and prevent disasters. However, wireless optical communication or radio wave 

communication is not suitable for the underwater environment. It is because underwater optical 

wireless communications suffer from the problems of scattering. Further, radio wave 

communication requires a suitable configuration of antennas, high transmission power, and less 

coverage range. Therefore, acoustic or ultrasonic waves are suitable for achieving high data rate 

and coverage under water due to their long-range coverage and significant bandwidth. Also, multi-

path fading is a primary concern associated with sound wave-based communication. It is caused 

by reflection and refraction in water due to varying sound speeds at different depths resulting in 

inter-symbol interference (ISI) on the receiver side. 

 

Further, there is an ever-growing interest in real-time multimedia operations, including 

transmission of pictures and videos. However, the development and deployment of underwater 

acoustic communications are challenging due to the low data rate, vulnerability to jamming, high-

energy requirements, and susceptibility to self-interference. Acoustic waves are considered the 

most reliable form of communication in underwater channels. A Medium Access Control (MAC) 

protocol holds tremendous responsibility for efficiently utilizing acoustic communication channels 

and resources. Moreover, network and infrastructure management are challenging due to the 

mobility of the stations and uncertain communication characteristics. In this work, to address the 

issues such as low data rate, less coverage range, high mobility of nodes, and inefficient energy 

consumption, we propose five schemes for use in underwater multimedia streaming and medium 

access in ideal lab-scale still water environments. We explicitly focus on acquiring and assessing 

how to implement underwater acoustic sensor networks using low-cost, off-the-shelf, open 

hardware electronics and transducers. The proposed system can support direct communication 

between two nodes at a data rate of 2.4Kbps within a communication range of 65m in still shallow 

water. With the adoption of some minor modifications, the data rate is then enhanced to 3.5Kbps 

over a range of 70m. We also focus on medium access control (MAC) protocol design, which 

facilitates efficient energy management, reduced overhead, and controlled traffic flow. These 

nodes’ deployment can take place over much longer distances by incorporating more relay nodes. 

 

We evaluate the performance of our system towards supporting multimedia data transmission and 

even attempt multimedia streaming through our deployed underwater IoT network using video 

compression and reduced sampling of the video frames. Our rigorous study based on test-bed 

experiments and simulations using underwater acoustic parameters shows improved performance. 
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We observe that the system successfully supports multi-hop network configurations and 

undertakes multimedia transmission by compromising the data quality. The system demonstrate a 

clear trade-off between data quality, transmission range, and transmission delays.  

In summary, we present AquaStream, a multi-hop multimedia streaming solution over acoustic 

channels in severely resource-constrained IoT networks, as the first work. The second work 

introduces an infrastructure-based multimedia streaming network for improved reliability and 

energy efficiency in underwater IoT. After that, in our third work, we present a reliable and 

efficient MAC protocol, RE-MAC, to overcome the multimedia data transmission issues in an 

acoustic network. In the fourth work, we highlight a Reinforcement Learning (RL)-based 

underwater MAC protocol, RL-MAC, to overcome multimedia data transmission issues. Finally, 

in our fifth work, we introduce the programmable approach to reconfigure all types of underwater 

nodes for resource-constrained networks while considering the mobility of stations and relays. 

 

Keywords: Internet of Things (IoT), Underwater Acoustic Network, Internet of Underwater 

Things (IoUT), Underwater Multimedia Streaming, MAC Protocol. 
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Microfluidics is an adolescent technology. The concept of fluid manipulation at small scales has 

existed for quite a long time. There has been a tremendous growth in scientific output describing 

the behaviour of fluid in micro-environments. This ranges from simple pressure driven flow 

through a circular microchannel, flow under carefully controlled externally applied electric, 

magnetic or acoustic fields, deflection of fluid with the pressure of photons, flow driven by surface 

energy of the substrate to actuation and manipulation of fluid in a rotating environment. The 

science of such fluid manipulation is rather well developed. However, the engineering required to 

translate such science from academia to commercial products is still in its nascent to adolescent 

stage. The key challenges are often not the equipment, but the control, accuracy, cost, complexity 

and precision. These have inhibited the translation of microfluidics technology from academia to 

biomedical products, as quite obviously, accuracy and precision are two of the most important 

criteria for adoption of any technology in biomedical devices, particularly diagnostic devices. It is 

important to point out here that it is not the case that diagnostic devices do not incorporate the 

technology, but these devices are often prohibitively expensive thereby disallowing the advantages 

of fully automated miniaturized diagnostic devices to reach the masses.  

 

 This thesis is an attempt at addressing these challenges. The approach adopted for this purpose is 

the one in which instead of focussing on fluid manipulation methods, mechanical properties of the 

fluid, blood in this thesis, are exploited to explore avenues of estimating or measuring blood 

composition. One of the major advantages of such an approach is a direct reduction in the cost of 

target device as now, the chemical reagents are not required. Apart from the actual manufacturing 

cost of the reagent, the added costs of storage and transportation are also eliminated. A direct way 

of utilizing the mechanical properties of blood is to study its motion in externally imposed 

dynamical conditions. The choice of framework in this study is rotational microfluidics due to its 

advantages such as actuation, motion, separation, etc with a simple act of spinning the platform.  

Centrifugal force and Coriolis force are two of the forces of interest that arise due to the spin. 

Coriolis force is often overlooked in the interest of simplicity and its low magnitude in comparison 

to the primary centrifugal force. In this study, various situations are explored in which Coriolis 

effect might be useful even at low to moderate rotational speeds. Then, capillary force is brought 

into play as well. The superposition of centrifugal force, Coriolis force and capillary force with 

blood rheology provides useful insight into the influence of one or more of these over 

hemodynamics and lead to formulation of guidelines for more efficient exploitation of these 

external forcing parameters for better designing of the Point-of-Care (POC) devices. Certain sweet 

spots in terms of operating conditions are also identified to enable the use of these principles for 

development of rapid test devices.  

 

Subsequently, methods are provided to develop centrifugal microfluidic devices to measure blood 

composition. The components of blood targeted in this study are hematocrit, viscosity, Erythrocyte 
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Sedimentation Rate (ESR), RBC count, WBC count, Platelet count and concentration of 

hemoglobin. Simple operational and measurement methods are provided. Hematocrit, ESR and 

viscosity are estimated by measuring the flow rate of blood in a microchannel and measuring a 

defined length with a regular 15 cm ruler. Cell counts and hemoglobin are estimated with the aid 

of a routine laboratory microscope and computer algorithms for image processing. The data 

estimated from all of the devices is benchmarked with the data from an Automated Hematology 

Analyser (AHA).  

 

The use of POC (Point of Care) devices in practice almost always involves utilizing the capillary 

blood. As the examiner has correctly described, the blood from a finger prick is directly dispensed 

onto the device. In the lab setup however, it is not feasible to arrange for the availability of freshly 

drawn blood samples from finger pricks. Additionally, the volume of such a blood sample is 

typically 100-

Analyzer (AHA) or a biochemistry analyzer, an additional volume of blood is necessary, typically 

larger than 1 mL. This would lead to inconsistencies as the performance of the POC device with 

capillary blood (the blood drawn from a finger prick) would be benchmarked against the measured 

blood composition of a veinous sample. Hence, in order to avoid any such compatibility issues, in 

the laboratory framework, a veinous blood sample is typically used, which needs to be stored in 

an EDTA coated tube to prevent coagulation and for transportation, from the hospital to the 

laboratory. The results and methods presented in this thesis open up exciting avenues of POC 

device development in a chemical free regime. The presented measurement and fabrication 

methods are simple and potentially executable by untrained personnel. These devices could be 

deployed at kiosk-based settings which are essentially similar to the health camps frequently 

organised by social service organizations. Not only this, a significant cost reduction could 

eventually contribute to improved health of the society at large by encouraging mass adoption of 

such devices.  

 

Keywords: Rotational microfluidics, centrifugal microfluidics, blood rheology, complete blood 

count, hematocrit, Coriolis force, centrifugal force, hybrid disc. 
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In this present dissertation, numerical studies are carried out to study the effect of dilution in a 

recirculating non-premixed liquid fuel combustion. Kerosene is considered as the fuel in the 

present study. Nitrogen and steam are used as the diluents. The complexity associated with the 

liquid fuel combustion lies with the fuel injection, evaporation of fuel droplets and mixing with 

the oxidizer to form a flammable mixture. Therefore, the droplet characteristics under the diluted 

environments need to be studied. All numerical simulations are performed using Reynolds 

averaged Navier-Stokes approach. Liquid droplets are tracked using Discrete Phase Model (DPM). 

In the current work, non-premixed equilibrium combustion model with the Probability density 

function (PDF) is utilized to model the combustion process. Transport equation for the scalar 

mixture fraction (Y ) is solved by pre-calculating the variables and results are stored in a look-up 

PDF table. 

Flame structure, lift off characteristics and droplet dynamics of kerosene spray flames in various 

co-flow conditions are computationally studied. Three different co-flow conditions are considered: 

cold flow, cold flow with N2 dilution, and simultaneous preheating and dilution. Different 

conditions were identified to increase the lift-off height which can help in improving the mixedness 

of fuel and air. The lift-off height as well as flame width is increased with increase in co-flow 

velocity and dilution. Simultaneous supply of high co-flow velocity and high diluted co-flow 

increases the lift-off velocity extremely. However, beyond a point the flame fails to sustain and 

blows out.Very high dilution increases the flame lift-off to an extreme position and flame blow-

off takes place. Preheating of co-flow allows droplets to evaporate earlier thus forming air fuel 

mixture in the flammability limit at an upstream location. Simultaneous dilution and preheating of 

co-flow case shows a stabilized flame and distributed reaction zone. Different flame shapes are 

identified for various co-flow conditions. 

In the subsequent study, numerical analysis on the effect of steam dilution and high pressure on 

liquid fuel (kerosene) swirl combustion is carried out. Tangential air injection scheme is adopted 

in a conical combustor to provide swirl motion to the mixture. n-Dodecane, which is a major 

component of kerosene and JetA fuel, is selected as the surrogate species for kerosene fuel in this 

study. The thermal intensity of 5.37 MW/m3 with 21.1 kW thermal input is considered for the 

computational study. The chamber pressure is varied from 1 to 20 atm, keeping the momentum of 

inlet airflow constant. Steam added in the oxidizer as a diluent is varied from 0 to 20% by mass. 

The rate of formation of OH radicals decreases with increasing dilution and pressure. Steam 

dilution reduces CO and NO formation. The addition of steam as a diluent enhances the oxidation 

rate of CO to CO2. Due to this effect, a more significant concentration of CO2 is observed with 

dilution. 

Chemical kinetic study is carried out to study the effect of diluents on the combustion chemistry 

of simpler fuels like methane as well as a single surrogate species of kerosene. Choice of 

appropriate mechanism is vital for better prediction from numerical computation. For the 

comparative study of the different mechanisms at steam diluted conditions, methane is considered 
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a the fuel for its simple structure and widely available literature in the steam-diluted environments. 

Computations of laminar flame speed from GRI-3.0, Aramco-3.0, Curran, and San Diego 

mechanisms were the most precise under diluted steam conditions. Similarly, the Aramco-3.0 

mechanism and the Curran’s mechanism give better ignition delay prediction. Sensitivity study for 

the OH concentrations shows that the Habstraction of methane from OH radicals has an opposing 

trend with dilution for Aramco-3.0 and GRI-3.0 mechanism.The third-body effect of steam is 

observed to dominate the deviation between the detailed and reduced mechanism. For low 

operating pressure conditions, the GRI-3.0 mechanism gives an excellent prediction. Whereas, for 

applications like gas turbines and furnaces, Aramco-3.0 and Curran mechanisms can be adopted 

to give good results. The San Diego mechanism can be chosen for low computational facility 

purposes as it shows very good predictions for ignition delay and laminar flame speed 

computations. 

Experimental study is further carried out using a novel hybrid swirl combustor, for two thermal 

input conditions of of 25 kW and 50 kW, to analyze different recirculation modes in the combustor. 

Numerical and experimental studies are carried out to understand the flow patterns and combustion 

characteristics in this high recirculating environment. Initially, computational studies were carried 

out to find the optimum geometry for greater recirculation and interaction among the reacting 

species inside the combustor. Four tangential inlets are provided for air to enter the combustor in 

a swirling flow pattern, thus allowing the combustion zone to diffuse longitudinally. A central 

vane swirler is provided for the radial distribution of the reaction zone. Three cases were studied 

to analyze the effect of bowl recirculation and tangential air inputs in addition to the swirlers. The 

hybrid-swirl, formed from these two air flows, helps in achieving low and uniform temperature 

throughout and assists in flame anchoring.  

 

Keywords: Steam dilution, Swirl flow, Emission characteristics, Reaction pathway, Chemical 

kinetics, Sensitivity analysis, Rate of production 
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MOLECULAR WEIGHT EPDM RUBBER BASED COMPOSITES 
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Supervisor: Professor Kinsuk Naskar  

Rubber Technology Centre  
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This thesis aims to develop peroxide crosslinked ultra-high molecular weight EPDM 

(UHMWEPDM) rubber based thermoplastic vulcanizates (TPVs) with superior durability for 

different automotive applications. TPVs were prepared with various fillers or nano-fillers, like: 

nano-clay, nano-silica and conductive carbon black (CCB) to enhance the mechanical, rheological 

properties etc. The development of droplet type morphology in presence of fillers and structure-

property relationships were studied. Initially all the TPVs and TPV nano-composites (TPVNs) 

were prepared by conventional melt mixing techniques at high temperature. Later the mixing 

process was optimized and the co-agent master batch technique was followed for the TPVs and 

conductive TPVs (CTPVs) preparation. The developed TPVs, TPVNs and CTPVs were 

characterized for mechanical, thermo-mechanical, electrical, rheological and morphological 

properties. Hence, the nano-clay and nano-silica were incorporated to enhance the mechanical and 

rheological properties and the influence of the nano-fillers were examined. The SAXS study 

reveals the better dispersion of the nano-silica than nano-clay in the TPVN matrix. The FE-SEM 

and AFM micrographs prove the droplet or finer dispersed morphology has been obtained for the 

nano-silica based TPVNs, whereas the nano-clay filled TPVNs formed elongated morphology. 

Since the co-agents play a major role in TPVs performance properties, different types of co-agents 

(TAC, HVA2, ZDMA, ZMA) have been explored. Besides that, the TSSR measurement was also 

conducted to investigate the thermo-mechanical behaviour of the TPVs. TSSR study, mechanical 

and rheological properties study reveal the synergistic effect for the ZMA co-agent based TPV. 

Crosslink density obtained from the TSSR study was compared with the crosslink density, 

calculated from Flory-Rehner equation and found to exhibit same trend. Superior material strength 

(for ZMA co-agent based TPV) was also confirmed from the stress relaxation study and thermal 

analysis. Mixing sequences control the product quality and production rate of the TPVs. The effect 

of different routes of mixing sequences on the mechanical properties and rheological properties 

have been studied. The conventional melt blending method was compared with the different master 

batch blends and coagent master batch was found superior in mechanical and rheological 

properties over the others. The improvement in crosslink density was also found and the targeted 

droplet type morphology was achieved and specially this study optimizes the mixing method for 

future works. UHMWEPDM rubber based flexible conductive materials also can be developed 

where there is a high demand of this type of materials for fabricating flexible or stretchable 

conductive devices. CCB filler was incorporated with UHMW-EPDM rubber to develop CTPVs. 

Impressive ac conductivity has been achieved for the CTPVs which makes the study more 

interesting. Besides that, improvement in mechanical and rheological properties was also found, 

and %EB, tear strength values optimize the flexibility level of the CTPVs. FE-SEM and AFM 

studies show the droplet type morphology formation of the crosslinked rubber phase whereas TEM 

study reveals the uniform dispersion of the filler in the TPV matrix. In short, TPVNs and CTPVs 

with improved properties were developed which can be used as various injection moulded parts, 
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aesthetic seals/strips and 2K-moulds for the automotive applications and flexible conductive 

devices etc.  

 

Keywords: Polymer blends and alloys; Thermoplastic Vulcanizates; UHMW-EPDM; TSSR; 

Coagent; Mixing sequence; Conductive Carbon Black; Automotive product 
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REGIONAL COMPETITIVENESS: APPROACHES TO MEASUREMENT 

AND COMPARISON OF STATES AND UNION TERRITORIES OF INDIA 

 

M. Nirmal Kumar Singh  
Supervisor: Prof. Barnali Nag  

Rubber Technology Centre  

Accession No.: NB17549 

 

In the present world, as globalization and technology bring opportunities, connectedness and also 

complexities, understanding of regional competitiveness to capture these opportunities and prepare 

for building capability has become extremely important. A big question that remains partially 

answered is the impact of regional disparity among many sub-national regions even if they are 

having same initial conditions or endowments. This is more relevant in emerging and large 

economies like India. In this context, studying regional competitiveness and its drivers in an 

attempt to answer some of these questions of business economics is required. Also, in this 

technology and innovation driven era, role of drivers of regional competitiveness like 

entrepreneurship and technology readiness need to be explored in large, emerging and innovation 

aspiring economies like India and its regions. These effectiveness of these drivers in turn may be 

closely related to quality of institutions in the economy which can act as enablers. The study 

focusses on select 32 states/union territories (sub-national regions) of India for empirical analysis 

for a period of 10 years i.e. from 2007-08 to 2016-17.  

 

Firstly, to assess the relative capability of these sub-national regions, a regional competitiveness 

index (RCI) is developed after identifying relevant pillars and indicators from literature, and the 

ability of RCI explaining economic growth is tested using dynamic panel regression method- 

generalized method of moments (GMM). The bidirectional Granger causality has also been 

studied. Based on RCI score states have been ranked and rank analysis as well as performance 

comparison tables have been done for policy implications. The empirical analysis finds that there 

is significant association between RCI score and state economic growth indicating that measure of 

regional competitiveness could explain economic growth of states. The Granger causality shows 

that RCI score leads to growth but growth doesn’t lead to RCI score.  

 

Secondly, to evaluate regional competitiveness from process perspective, an extended Diamond 

Based Pyramid framework has been developed to link pillars into Porter Diamond (1990) 

conditions and further to link them to the outcome of regional competitiveness. And technical 

efficiency change and technology shift/change has been evaluated of this input-output process 

using data envelope analysis-Malmquist Productivity Index (MPI). Results show that regional 

competitiveness is almost singularly driven by the technology change, while there is negligible 

contribution of efficiency change. In this context, technology change refers to improvement in 

responsiveness caused by shift in frontiers of resources or drivers of regional competitiveness. It 

is outcome of internal inputs and policies about specific pillars.    
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Thirdly, to study the role of select drivers on economic growth, a composite index on regional 

entrepreneurship, technological readiness and institution quality (RETRIQ) has been developed 

and the effectiveness of RETRIQ capturing economic differences has been econometrically tested. 

Based on the scores of the index, 32 states and union territories of India have ranked. The 

estimation using Fixed Effect (FE) panel regression shows significant association between 

composite index and economic growth. Based on their comprehensive advancement in the eight 

constituent indicators of the index, states have been categorized as consistently high-rank, 

consistently low-rank, improving trend and deteriorating trend states. The study shows that the 

indicators under technological readiness have determined both consistently high and low rank of 

states. Similarly, under improving trend states it is also observed that technological readiness and 

institutions indicators show a trend of improving.   

 

Keywords: Competitiveness, Economic Growth, Efficiency Change, Entrepreneurship, 

Generalized Method of Moment, Granger-causality, Institutions, Malmquist Productivity Index, 

Panel Regression, Porter Diamond model, Regional Competitiveness, Technology Change, 

Technological Readiness    
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The aim of this research is to develop a convenient and large scale synthesis of a new type of 

multidentate N-and P-donor ligands for transition metal complexes and catalysis studies. In 2019, 

the convenient single step synthetic method for the hexahydropyrimidine-based pincer type 

procarbene ligand (PCP) and its carbene complexes were reported from our laboratory. This 

investigation focuses on the synthesis of yet another new hexahydropyrimidine-based pincer 

procarbene (NCN) ligand containing two pyrazole arms to understand its chemistry relative to the 

PCP ligand. In addition, the synthesis of new P3 and P4 phosphorus ligands; and their metal 

complexes for catalytic applications are investigated. 

 

 A new type of hexahydropyrimidine-based bis(pyrazole) ligand, 1,3-bis((3,5dimethyl-1H-yrazol-

1-yl)methyl)hexahydropyrimidine1 was readily synthesized in one pot method from the reaction 

of1,3-diaminopropane, 3,5-dimethylpyrazole and paraformaldehyde. The reaction of 1 with one 

equivalent of N-bromosuccinimide in DME gave 1,3-bis((3,5-dimethyl-1H-pyrazol-1-yl)methyl)-

3,4,5,6-tetrahydropyrimidin1-ium bromide, 2; the same reaction in the presence of 4 equivalents 

of NBS yielded 1,3bis((4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-3,4,5,6-

tetrahydropyrimidin-1-ium bromide, 4. Treatment of 2 with NH4PF6 gave its PF6− salt, 1,3-

bis((3,5-dimethyl-1Hpyrazol-1-yl)methyl)tetrahydropyrimidin-1-ium hexafluorophosphate, 3. 

Conversely, its BF4− salt, 1,3-bis((3,5-dimethyl-1H-pyrazol-1-yl)methyl)tetrahydro-pyrimidin-1-

ium tetrafluoroborate was obtained directly from the reaction of AgBF4 with 1.Treatment of 3 

with palladium(II) precursors gave two monomeric complexes 

[Pd(OAc)2{CH(NCH2Me2pz)2(CH2)3-κ2-N,N}]PF6and [PdCl2{CH(NCH2Me2pz)2(CH2)3κ2-

-

C4H8N2(CH2Me2pz)2- -N,N}]2. The dimer complex is fluxional and its low temperature 

NMR study attributed to the fast interconversion between its conformers. DFT calculations 

suggested the formation of 6-membered chelate ring and the binuclear complex in terms of 5-and 

6-membered ring strain energies.   Another new type of bis(pyrazole) and bis(imidazole) ligands, 

1,3-bis((3,5dimethyl-1H-pyrazol-1-yl)methyl)imidazolidine and 1,3-bis((1H-imidazol-1 

yl)methyl)hexahydropyrimidineweresynthesized. The reaction of 1 with Cu(I) salts gave [Cu2(μ-

I)2{CH2(NCH2Me2pz)2(CH2)3˗κ4˗N,N,N,N}]and[Cu{CH2(NCH2Me2pz)2(CH2)3˗κ3˗N,N,N

}]BF4. Both the complexes are fluxional, as shown by their 1H NMR spectra. Hence, their 

dynamic behaviors were studied with the help of VT 1H NMR method. However, the reaction of 

ligand 2 and CuI yielded polymeric complex [Cu2(μ2-I)3{CH(NCH2Me2pz)2(CH2)3˗κ2˗N,N}]n. 

Whereas, the reactions between 3 and Cu(I) halide salts afforded [Cu3(μ3-

I)2(μ2I)2{CH(NCH2Me2pz)2(CH2)3˗κ2˗N,N}]and[Cu(μBr){CH(NCH2Me2pz)2(CH2)3˗κ2˗N,

N}]2(PF6)2. In addition, the reaction between 4 with CuI gave different complex [Cu2I2(μ2-

I)2{CH(NCH2Me2Brpz)2(CH2)3˗κ2˗N,N}]2. All the complexes were structurally characterized 

by single crystal X-ray diffraction method.  New Phosphonite-diphosphine PhP(OCH2PPh2)2, 18, 
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phosphite-triphosphine P(OCH2PPh2)3, 19, and dimethylsilane-

diphosphine(CH3)2Si(OCH2PPh2)2 ligands were synthesized from Ph2PCH2OH. The reaction 

between 18 with [NiCl2(DME)] gave [NiCl2(18-κ3P,P,P)]. Conversely, 18 reacts with 

[NiCl2(DME)] and NH4PF6 to yield [NiCl(18-κ3P,P,P)][PF6], 22. The reactions between 1, 

[NiCl2(DME)] and KPF6 in the presence of RNC (R = Xylyl, tBu and iPr) yielded the five 

coordinate monocationic [NiCl(18-κ3P,P,P)(RNC)][PF6] (R = Xylyl) and dicationic 

[Ni(18κ3P,P,P)(RNC)2][PF6]2 (R = tBu and iPr) complexes, respectively. The analogous reaction 

of 19 with [NiCl2(DME)] and KPF6 gave [NiCl(19-κ4P,P,P,P)[PF6]. The reaction of 18 with 

anhydrous cobalt(II) halides afforded [CoCl2(18-κ3P,P,P)] and [CoBr2(18-κ3P,P,P)].The N-

alkylation reactions were performed between primary aryl amines, benzyl and 4-methyoxy benzyl 

alcohols in the presence of 2.5 mol% of 22 and <0.5 mmol of KOBut in toluene at 140ºC. Its 

substrate scope includes sterically encumbered, heterocyclic amines and aliphatic alcohol. 

Keywords: Hexahydropyrimidine, Bis(pyrazole), Bromination, Palladidium(II), DFT, Strain 

energy, Iodocuprates, Copper(I), Fluxional, Phosphonite, Phosphite, Phosphine, Cobalt(II), 

Nickel(II), X-ray structure, N-alkylation.   

  



 

 464 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

A REMOTE SENSING AND GIS BASED APPROACH ON 

GLACIAL LAKE HAZARD MAPPING IN THE HIMALAYA 

 
Litan Kumar Mohanty 

Supervisor: Dr. Sabyasachi Maiti 

Department of Geology and Geophysics 

Accession No.: NB17551 

 

 

Glacial lakes formed by glacier retreats due to global warming threaten living beings and costly 

infrastructures in the Himalayan region by creating GLOF. In this thesis, we envisage determining 

glacial lake hazards collectively under the detailed study of Lake Morphodynamics, future zone of 

glacial lake formation, and GLOF probability of existing lakes. We proposed methods: overlay 

analysis, cumulative frequency, feature importance, logistic regression, object-based 

classification, average lake size change rate, and Analytical Hierarchy Process to achieve our 

objectives. Moreover, we used various raster datasets such as satellite imagery, DEMs, landslide 

probability, avalanches probability, ice thickness, glacier surface velocity, normalized elevation, 

land surface temperature, precipitation and temperature, and vectors: earthquake location, glacier 

boundary and lake boundary. Here, we focused on supraglacial and proglacial lakes in separate 

studies because of their diverse genesis and places of formation concerning the mother glacier.    

A glacial lake geodatabase was created by taking mother glacier, topographic, lake, climatic and 

triggering factors for the Himalayan region. Moreover, proglacial lake morphodynamics was 

studied, taking 4198 proglacial lakes (>0.01km2) out of 9676 lakes in the Himalayas from 1990-

2019. Sub-regionally, Sikkim, Everest, Bhutan and Langtang regions contain most lakes with 

higher lake size increases. We found an average increase rate in lake size of 26% and lake number 

of 82%. Besides, supraglacial lake morphodynamics was studied temporarily for the Himalayas, 

taking 2072 glaciers. The supraglacial lake size and number are continuously increasing since 1990 

in the Himalayas. The static lakes are generally concentrated at the lower part of the ablation area 

with fast increase in surface area. Besides, logistic regression tools establish the zone of future 

lake formation in the Himalaya taking 14 controlling parameters. However, we noted that more 

lakes are forming in the central Himalaya than the eastern and western Himalaya. Furthermore, 

GLOF probability mapping was done by taking lake, dam, mother glacier and local triggering 

factors in the Himalayas. Object-based classification and AHP methods were used for doing this. 

Subsequently, we got 60, 164, and 3974 glacial lakes with higher, medium, and lower probability 

of lake outbursts in the Himalayas, respectively, and these are typically concentrated in central 

Himalaya. 

Keywords: Himalaya, Glacial lake, GLOF, AHP, logistic regression, object based classification 
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The selection of an ideal plasticizer is important to develop biopolymer-based edible films for food 

packaging. The effect of different plasticizers (Glycerol, Polyethylene glycol, Sorbitol) and their 

concentration (0-50%) on the mechanical, water vapour barrier, optical and moisture sorption 

properties of solution cast Hydroxypropyl methylcellulose (HPMC) films were examined in this 

study. Mechanical properties and Water vapour permeability (WVP) of films were determined 

using standard ASTM methods. Seven different sorption models were fitted to experimental 

Moisture sorption isotherm (MSI) of different HPMC films. The goodness of fit of these models 

was compared based on the Akaike information criterion (AIC). Plasticizing efficacy of different 

plasticizers was significantly different for HPMC film in the studied concentration range. Water 

vapour permeability (WVP) for native HPMC film was 0.451 g.mm/kPa.m2.h, which further 

increased to 0.972, 0.890 and, 0.615 g.mm/kPa.m2.h when 25% (w/w of HPMC) glycerol, PEG 

and sorbitol were added as plasticizers, respectively. Added plasticizers effectively provided 

desirable elongation to HPMC film, which is beneficial for coating and shrink-wrap packaging 

applications but adversely affected the films' tensile strength and barrier properties. Henderson’s 

equation and Oswin model were selected as the best fit models for the experimental sorption data 

based on AIC values. Analysis of plasticized HPMC films showed that a plasticizer concentration 

above 25% is not desirable for preparing HPMC films and PEG was the best plasticizer among all 

three. Zinc oxide nanoparticles (ZnO NPs) were prepared by wet chemical synthesis. Nanorods 

and hexagonal plate shape ZnO NPs were obtained for different reaction times of 2 hours and 24 

hours, respectively. The effect of HPMC as capping material on the morphology, size distribution 

and optical properties of ZnO nanoparticles was studied by FESEM, TEM, DLS, UV-visible 

spectroscopy, and XRD analyses. Results showed that HPMC as capping material prevented the 

agglomeration of nanoparticles during synthesis and maintained uniformity in ZnO NP size. 

Prepared ZnO NPs exhibited strong antimicrobial activity against Staphylococcus aureus and 

Penicillium expansum. HPMC-ZnO bionanocomposite films, prepared by incorporating capped 

ZnO NPs in HPMC biopolymer, showed improved mechanical and barrier properties and 

decreased film transparency. Results showed that capped ZnO NPs obtained from 24 h reaction 

time were more effective in improving the moisture barrier properties of HPMC film. HPMC-

based edible coating with/without incorporating ZnO NPs on strawberries' quality and shelf life, 

stored at 10°C and 90% relative humidity (RH), was investigated. The coating solutions used were, 

4% HPMC (H4), HPMC added with 15% PEG as plasticizer (H4+P15), and HPMC-ZnO 

bionanocomposite (HZBNC) coating solutions, H4+P15+Z0.5 and H4+P15+Z1, obtained by 

adding ZnO NPs (0.5 mg/mL and 1mg/mL) in H4+P15. HZBNC coatings significantly (p<0.05) 
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reduced the post-harvest deterioration by arresting the microbial growth and reduced the fungal 

decay percentage to 13.33% (H4+P15+Z0.5) and 5%( H4+P15+Z1) from 93% (H4+P15) during 

storage. This edible coating also significantly decreased (p<0.05) the respiration rate of 

strawberries and delayed the senescence by retaining the colour, firmness and vitamin C compared 

to the untreated sample. Compared to uncoated and HPMC coated strawberry fruit, HZBNC 

coating significantly reduced the moisture loss and alterations in various quality parameters such 

as pH, TTA and TSS. No significant difference in the overall acceptability of the fruit was observed 

during the sensory analysis. Moreover, the added ZnO in the coating solution will provide 

supplementation for zinc, which is an essential micronutrient for humans. However, further studies 

are required for the bioavailability and absorption of added ZnO NPs.    

Keywords: Mechanical properties, edible films, barrier properties, moisture sorption isotherm, 

antibacterial activity, respiration rate. 
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Affect is a subconscious experience of the intensity of emotion. The affective states play a central 

role in everyday decisions and well-being. Developing systems for recognizing and managing an 

individual’s affect become an integral domain in Human-machine Interaction (HMI) research. 

There is an increasing focus on developing emotional artificial intelligence in HMIs. The human 

affect assessment can be identified using verbal (explicit) or non-verbal (implicit) cues. However, 

affect recognition during HMI addresses several challenges such as: natural setup, a 

comprehensive collection of potential humans’ interactions, mapping from genuine emotion to 

affective states, the obtrusiveness of the sensing equipment affects the user response to emotion 

triggering, the lack of observability in real-life settings, and inaccurate ground-truth affect labels. 

HMI researchers employ specific technological interventions to assess human affective health 

using different modalities during machine interactions. One of the prime concerns is the lack of 

standard non-contact databases for developing and evaluating affective health. Due to certain 

limitations of the state-of-the-art databases motivated me to build and validate with proper ground 

truth of our in-house created database named CARD: Contactless Affect Recognition Database 

adopting Synchronize Multi-modality. It consists of visual images, shorter visual and thermal clips, 

infrared or thermal facial blood flow rate, breath waveform, and heart waveform of a person while 

interacting with a made to design Health Kiosk. Auto identification of affective health such as 

stress, anxiety, and depression levels in human beings while interacting with computers or 

machines has become essential for preventing mental health issues. Visual facial expressions form 

an essential cue that satisfies these criteria. An unobtrusive solution for estimating stress level 

through a metric based on the fraction of the time an individual exhibits stressed facial expressions. 

We developed a real-time portable embedded device named StrexNet, consisting of the required 

hardware and a customized App module to recommend the steps for perceived stress control at the 

user end. The classification of facial expressions has been carried out using a light Convolutional 

Neural Network (CNN) architecture. The network is short and well suited to work with embedded 

processors. We have validated the metric using t-test and two-way ANOVA with p-values of 0.047 

and 0.036, respectively, based on Depression Anxiety Stress Scale (DASS-21) selfevaluation 

scores on stress. An accuracy of 94.58% is obtained while comparative analysis with state-of-art 

literature is performed. 

 

Thermal or infrared facial imaging is also a non-contact mechanism for assessing the affective 

health of an individual during HMI. Real-time detection of the face and tracking the Regions of 

Interest (ROI) in the thermal video during HMI is challenging due to head motion artifacts. We 

proposed a three-stage HMI framework for computing the multivariate time-series thermal video 

sequences to recognize human emotion and provide distraction suggestions in real-time. The first 

stage comprises a face, eye, and nose detection using a Faster R-CNN (region-based convolutional 
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neural network) architecture and used Multiple Instance Learning (MIL) algorithm to track the 

face ROIs across the thermal video. The mean intensity of ROIs is calculated, forming a 

multivariate time series (MTS) data. In the second stage, the smoothed MTS data are passed to the 

Dynamic Time Warping (DTW) algorithm to classify emotional states elicited by video stimulus. 

Our proposed framework provides relevant suggestions from a psychological and physical 

distraction perspective during HCI in the third stage. Our proposed approach signifies better 

accuracy than other classification methods and thermal data sets. For better precision in affect 

recognition, twin channels of thermal and visual facial image sequences to register an individual’s 

affective states are up-and-coming compared to different cues such as visual and thermal facial 

images. A two-stage smart engine is proposed for classifying the dominant-negative affective state 

by clustering sequences of emotional states. The first stage obtains the dominant emotional state 

by an ensemble of cues from visual and thermal face images using a newly proposed cascaded 

Convolutional Neural Network (CCNN) model as it classifies the dominant emotional state of an 

individual. The second stage clusters a sequence of the obtained emotional states using a trained 

Hidden Markov model (HMM) as one of the four dominant affect - stress, depression, anxiety, or 

healthy. The performance second stage has been compared with a standard DASS score. 

 

We also developed a non-contact framework for estimating shortness of breath patterns due to the 

negative psychological states of an individual while interacting with the computer. And 

recommend the relevant suggestions to overcome the shortness of breathing through a customized 

android application with the help of aegistered healthcare expert. The framework incorporates an 

FMCW Doppler radar sensor that operates at 40 GHz can supply HR, BR, heart, and breath 

waveform with a sampling rate of 20 frames per second, along with a k-nearest neighbor breath 

classification algorithm. By calculating the threshold inhalation Tidal Volume (TV), exhalation 

TV, BR, and HR of 60 seconds, the proposed breath classification algorithm categorizes the breath 

waveform into shortness, normal or conscious, and deep breathing. Shortness of breath 

classification validated with the University of California, San Diego (UCSD) subjective evaluation 

score. Doppler radar breath signal is calibrated with 32-bit polysomnography (PSG) channel 

device on contact mode using the Pearson correlation coefficient between two signals. The 

correlation coefficient of signals for shortness of breathing is a maximum of 0.97, and the average 

is 0.75, respectively. We studied the physiological health signatures using 32-bit(PSG) across the 

45 healthy participants while watching the negative psychological stimulus. 

 

Keywords: Affective Health, Facial Expression, Facial Blood-flow Rate, Shortness of Breath, 

Human-machine Interaction, Portable Embedded Systems. 
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A strong buyer-seller relationship is an essential ingredient of success in the business-to-business 

(B2B) market. Therefore, exploring the drivers of B2B relationship is important for both 

academicians and practitioners. Brand loyalty is considered one of the key drivers of such B2B 

long-term relationships. On the other hand, the brand image also plays a crucial role in B2B 

relationships. Although both brand loyalty and brand image have received great importance in 

B2C marketing literature, the role of brand loyalty and brand image in B2B relationships needs a 

further deep dive to ensure greater clarity on the potential relationships between related constructs. 

This thesis aims to evaluate available literature on brand loyalty and brand image, and explore new 

dimensions. The thesis focuses on three distinct but related theoretical frameworks in the context 

of B2B loyalty and B2B brand image and finally brings out new theoretical and practical 

implications in the domain of B2B marketing.    

 

Extant literature suggests that B2B brand image has two dimensions- goods or product-based brand 

image (GBBI) and service-based brand image (SBBI). Though extant literature has identified 

GBBI and SBBI as drivers of B2B loyalty, their relative importance and their inter-relationship 

with customer satisfaction remains unexplored. The first research objective tries to bridge this gap 

using a retrospective sampling-based methodology with data collected from B2B customers via an 

offline survey with a sample size of 125 purchase managers. The results suggest that GBBI and 

SBBI have positive relationships with B2B loyalty, with customer satisfaction as the mediator. 

Using the construal level theory, we argue that B2B purchase term, vendor-customer relationship 

strength, and the physical accessibility of the vendor are associated with the construal level of the 

purchase context. The results show that B2B customers give higher importance to GBBI in lower 

construal and higher importance to SBBI in higher construal. The study also highlights the 

moderated mediation effect of customer satisfaction in GBBI-loyalty and SBBI-loyalty 

relationships with construal level as moderator. This essay contributes to the literature on B2B 

branding and purchases decision-making by bringing in concepts of construal level theory. 

The second research objective explores how rational and emotional constructs lead to B2B brand 

image, goods-based and services based. In this essay, we focus on reliance and trust as relational 

and emotional constructs. We find the antecedents of reliance and trust and their relative 

importance for GBBI and SBBI. We use survey data of 135 respondents from different B2B firms 

and use PLS-SEM followed by multi-group analysis to validate our theoretical model. The second 

research objective contributes to the literature of reliance and its role in B2B brand image by 

providing newer insights about the antecedents and consequences of reliance and its relationship 
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with trust. The results suggest that commitment, management capability, and innovation capability 

are positively related to reliance, while trust acts as a mediator between commitment-reliance 

relationships. Moreover, while reliance and trust lead to B2B brand image, reliance has higher 

relationship strength. Furthermore, reliance mediates the trust-brand image relationship too. 

The third research objective explores the role of GBBI and SBBI in reducing time risk, 

performance risk, and financial risk in B2B markets using survey data of 122 respondents from 

different industries. The model is validated using PLS-SEM. The study highlights the importance 

of reliance and brand image for reducing the effects of perceived risk. The results highlight a 

negative relationship between SBBI and time risk, whereas no effects of GBBI and SBBI on 

performance risk and financial risk. The results also suggest that performance risk and time risk 

increase the effects of financial risks, thus contributing to the perceived risk and branding 

literature. 
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The dissertation primarily deals with site preference and atomic ordering phenomena in a few Pd- 

and Cd- based intermetallic compounds. All the intermetallic compounds discussed in this thesis 

were synthesized using high-temperature method starting from pure constituent metals and/binary 

precursor. For detailed structural characterization and phase analysis, X-ray diffraction (SCXRD 

and PXRD) technique was extensively used, with the combination of energy dispersive X-ray 

spectroscopy (EDS). First-principles density functional theory (DFT) based energy calculations 

were applied to complement the experimental findings. Electronic structure and detailed chemical 

bonding analysis of these compounds were also put forward by density of states (DOS), Crystal 

Orbital Hamiltonian Population (COHP) calculations and Bader charge analysis. (Chapter 1 & 2)  

The site preference pattern and atomic ordering of the binary intermetallic alloy In3Pd5 have been 

analysed using density functional theory calculations. Following the results of the X-ray and 

neutron diffraction experiments, the stability and general electronic properties of a number of 

possible configurations are simulated using DFT. Based on free energy calculations and electronic 

structure analysis, the stability of the compound has been correlated to hetero-atomic interactions 

of the constituent elements, which is a result of directional Pd 4d – In 5s/5p bonding. (Chapter 3)    

 

The site preference and atomic ordering of the ternary Rh5Ga2As have been investigated using 

first-principles density functional theory (DFT). Rh5Ga2As is the only ternary compound that 

adopts the In3Pd5 structure type reported till date. An interesting atomic ordering of the two 

neighbouring elements Ga and As, which was reported in the structure of Rh5Ga2As by X-ray 

diffraction data only, is now confirmed by first-principles total-energy calculations. The previously 

reported experimental model with Ga/As ordering is indeed the most stable in the structure of 

Rh5Ga2As. The calculation detected that there is an obvious trend concerning the influence of the 

heteroatomic Rh–Ga/As contacts on the calculated total energy. Interestingly, the orderly 

distribution of As and Ga that is found in the binary GaAs (Zinc-blende structure type), is retained 

to ternary Rh5Ga2As. The density of states (DOS) and Crystal Orbital Hamiltonian Population 

(COHP) are calculated to enlighten the stability and bonding characteristics in Rh5Ga2As. The 

bonding analysis also confirms that Rh–Ga/As short contacts not only dictate the atomic ordering, 

also they are the major driving force towards the overall stability of the compound. (Chapter 4) 

Ternary InPd3-xCux (x = 0-1) were synthesized by high temperature synthesis starting from the 

pure constituent elements. The crystal structure was determined by single crystal X-ray diffraction. 

It is found that, Cu substitution for Pd in binary InPd3, (InPd3-xCux) stabilizes the TiAl3-type 

InPd3. In InPd3-xCux, Cu selectively substitutes one of the two Pd positions and at the limiting 
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composition ordered InPd2Cu is formed. The intriguing selective substitution was explained by 

electronic structure calculations. Electronic structure calculation shows that both the site energy 

and bond energy contribute to the specific substitution pattern in the structure of InPd2Cu. Crystal 

Orbital Hamiltonian Population (COHP) calculation shows that in InPd2Cu, Cu-In and In-Pd 

hetero-atomic bonding interactions play vital role towards the stability of the phase. (Chapter 5) 

Single crystalline Ni3GaSb was synthesized by conventional high-temperature solid-state 

synthesis. Crystal structure and chemical composition of Ni3GaSb were re-investigated by single-

crystal X-ray diffraction and energy dispersive X-ray analysis. The compound crystallizes in 

P63/mmc space group, the structure can be described as an intermediate of NiSb and Ni2In 

structures, similar to Ni3GaAs. Electronic structure of the compound was investigated by first- 

principles electronic structure calculations on the ordered model of Ni3GaSb. Stability and bond 

analysis were performed by Crystal Orbital Hamiltonian Population (COHP) calculations. Hetero-

atomic Ni-Sb and Ni-Ga interactions play an important role towards to stability of the compound, 

these interactions are also responsible to modify the electronic structure of the titled compound, 

with respect to pure Ni. (Chapter 6) 

Second part of the thesis majorly deals with Cd- based intermetallic compounds (Laves phase and 

brass type Hume-Rothery phase). Herein, Cu2-xMxCd (x=0.1-1) (M=Zn, Ga, Ge, Sn) were 

targeted to understand how substitution of Cu atoms for M (M=Zn, Ga, Ge, Sn) could influence 

the stability and compositions of Laves phase Cu2Cd (C14, MgZn2 type). Starting from Cu2Cd, 

a series of compounds with the approximate formula Cu2-xMxCd (x ~ 0.1-1) (M=Zn, Ga, Ge, Sn) 

were prepared by high temperature solid state synthesis. X-ray diffraction and energy dispersive 

X-ray spectroscopy were used for structure determination, phase analysis and compositional study. 

A correlation between the valence electron concentration (VEC) and phase stability was noticed 

in Cu2–xMxCd (M=Zn, Ga, Ge, Sn). A slight incorporation of M (M= Zn, Ga, Ge, Sn) for Cu into 

Cu2Cd (C14, MgZn2 type) leads to the formation of a solid solution of cubic -brass type Cu5Cd8 

as a major phase. Further incorporation of M leads to the appearance of MgCu2 (C15) type cubic 

Laves phase as the major phase. The cubic Laves phases are stable within a narrow homogeneity 

range. At higher atomic percentage of M, the stable pseudo-binary cubic phase ceases to form and 

binary compounds start to appear. One ordered configuration from each of the four systems was 

constructed to calculate the density of states (DOS) and Crystal Orbital Hamiltonian Population 

(COHP) in order to explain the stability and bonding characteristics of the pseudo-binary Laves 

phases applying first principles density functional theory. These phases are electronically stable 

and poor metallic in nature; where partially covalent hetero-atomic bonds have significant 

contribution towards the overall stability and bonding. (Chapter 7) 

The crystal structure of the γ-brass type Cu5+δCd8-δ (-1.0  δ  0.1) in the Cu-Cd binary system has 

been analyzed by powder and single crystal X-ray diffraction. All the compounds crystallize in the 

cubic space group I43m (217). Mixing of Cu with Cd leads to a significant phase width. At the 

limiting composition, a previously unreported ordered compound Cu4Cd9 is formed. The structure 

of all compounds is described by a 26-atom γ-cluster. Electronic structure calculations on the 

model structure built according to the ordered “Cu4Cd9”, show the presence of a pseudo-gap at 

the Fermi level in the electronic density of states, which is consistent with other γ-brass type 
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phases. However, the site preference of Cu and Cd atoms is different from the other reported γ-

brass type structures in the Zn- and Cd-rich phases. To address the “coloring problem”, a series of 

model structures were constructed with the composition Cu4Cd9 and their total energies were 

compared with first-principle calculations using ABINIT code. LOBSTER package was 

implemented to extract the bonding information by Crystal Orbital Hamiltonian Population 

(COHP) calculations. (Chapter 8) 

Keywords: Site preference, Atomic ordering, Intermetallic compounds, X-ray diffraction, 

Electronic structure and bonding, Valence electron concentration, Crystal Orbital Hamiltonian 

Population. 
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The parameters of most of the mathematical models of the economic and engineering problems 

are not exact due to the vagueness of the data. These uncertain parameters can be expressed as 

closed intervals if the lower and upper bounds of these arameters can be determined from the 

historical data or repeated numerical experiments. The functions which are involved in this type 

of modeling process with uncertain parameters are known as interval-valued functions, and the 

corresponding optimization problem is known as an interval optimization problem.   

 

This thesis has focused on the line search methods of the interval optimization problems in 

different scenarios. At the beginning of the thesis, the calculus of interval-valued function over 

higher dimensions is studied using the generalized Hukuhara differentiability concept. Using these 

results, the existence of a solution to the interval optimization is studied, and line search methods 

are developed in subsequent chapters under different assumptions. All the interval-valued 

functions in the line search schemes are assumed to be generalized Hukuhara differentiable. Some 

crucial results on the descent property and pseudoconvex property of interval-valued function are 

developed and used to justify the convergence of the line search schemes. Towards the end of the 

thesis, the conditions for the existence of a solution to the constrained interval-valued optimization 

problems are studied. These schemes are free from the burden of selection of appropriate weight 

functions like the existing scalarization methods for the interval optimization problem. The 

iterative process of each method deals with the interval-valued function without transforming it 

into a real-valued function, which may be regarded as a practical computational advantage over 

the existing scalarization methods. The theoretical developments are implemented with test 

problems of different dimensions. 

 

Keywords: Interval-valued function, Generalized Hukuhara differentiability, Interval 

optimization,Optimality condition, Pseudoconvex property, Line search scheme, Efficient 

solution, Fritz John condition, Regularity condition, Karush Kuhn Tucker Condition 
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The cryogenic ambient air vaporizer (AAV) is a star-shaped fin-tube heat exchanger designed to 

re-gasify a cryogenic liquid that is pumped through it. Renewable heat from ambient air acts as 

the heat source to vaporize the cryogenic fluid that flows inside the tubes. AAVs are becoming 

more popular due to their low operating costs. The pump and the switching valves are the only 

moving components that make the operation highly reliable. The moisture in the air freezes and 

deposits over the fin surfaces, creating a layer of frost over it. That is defrosted after each operation 

cycle to prevent heat transfer deterioration beyond a specific limit. For continuous gas production, 

two sets of vaporizers are operated alternately. While one operates in vaporization mode, the other 

is switched off for complete defrosting. This conventional has been termed Full Block Switching 

(FBS) AAV. Though the operation is reliable, the size and capital cost of the AAVs are on the 

higher side. Moreover, the accumulation of frost and the long defrosting time that are dependent 

on atmospheric conditions, particularly temperature and humidity, often create design and 

operational difficulties.    

In this research, the concept of reverse flow vaporization (RFV) is proposed, which eliminates the 

idle time during the defrosting cycle by allowing continuous flow through both the vaporizer 

blocks all the time. It uses the concept of partial defrosting instead of complete defrosting, which 

helps to improve the efficiency of the operation. Compared with a conventional FBS system, the 

total required heat transfer area can be reduced by about 23% with an RFV system for the 8-hour 

switching time. The second novel configuration of an air-based vaporization system known as part 

block switching (PBS) has been developed, taking advantage of varying frost deposition along the 

vaporizer length. In this system, only a portion of the vaporizer under maximum frosting is 

switched off for defrosting. Compared with a conventional FBS system, the total heat transfer area 

required can be reduced by about 21% with the PBS system for the 8-hour switching time. 

Understanding the inter-relationship of the environmental conditions, fin geometry, and frost 

growth over the fin surface that adversely affects the airflow through the vaporizer is the key to 

reducing the size. A coupled dynamic numerical model that incorporates the phenomena of flow 

boiling of cryogen inside vaporizer tubes and mass transfer during frost formation over the 

vaporizer surface has been developed and solved implicitly. The development of natural 

convective airflow around the vaporizer block has also been analysed three-dimensionally. A 

conjugated three-dimensional heat transfer model of an AAV has been developed and solved in 

commercial CFD software. 
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All three configurations of AAV, namely FBS, RFV, and PBS, are compared to find the most 

appropriate ambient air-based vaporizer configuration. For cryogenic vaporization, the RFV 

system is found to be suitable for a higher switching time of more than 8 hours, while the PBS 

system is suitable for a switching time of less than 8 hours. The Genetic Algorithm optimizes the 

design of a multi-fin reverse flow vaporization system for continuous vaporization, reducing its 

weight by 35% compared to a single-fin conventional ambient air vaporizer. The thesis has also 

proposed a novel interconnection among the finned tubes to enhance the natural convective heat 

transfer by 10%. With the optimum fin tip distance, the footprint of the vaporizer block can be 

reduced by about 65% with the forced draft vaporizer for the identical vaporization capacity and 

ambient condition. 

Keywords: Cryogenic vaporization; Ambient air vaporizer; Frost formation; Optimization; 

Natural convection; Forced convection 
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Glioblastoma (GBM) or the Grade IV malignant glioma is the most aggressive of brain tumors 

resulting in maximum morbidity and mortality. This thesis primarily explores a fusion protein 

ETV6-NTRK3 (EN) and temozolomide (TMZ) resistance in GBM and effective therapeutic 

interventions to overcome the same. Fusion proteins are ncogenic proteins formed due to the 

joining of two genes during chromosomal translocation.Here, GBM cell lines containing the EN 

fusion gene were developed. Further, to regulate the EN fusion in GBM a transcription factor RBPJ 

upstream of the ETV6 gene was identified. Since the EN fusion is also under the control of the 

ETV6 promoter/enhancer, RBPJ is seen to regulate the EN fusion. Next, Furamidine was 

established to be an inhibitor of RBPJ in GBM. Treatment with Furamidine was able to 

downregulate the EN downstream PI3K-Akt pathway and the epithelial to mesenchymal transition 

(EMT) pathway and induce apoptosis. Animal GBM models of both parental and EN fusion 

containing tumors also showed downregulation of EN pathway proteins after Furamidine treatment 

thus establishing it to be an effective inhibitor of RBPJ and thus of EN harboring fusions.   

Temozolomide is the first chemotherapeutic drug that is administered to GBM patients. However, 

temozolomide resistance poses a common problem with 50% of patients not responding to TMZ. 

In this work, the role of Notch signaling pathway in the development of TMZ resistance was 

examined and a positive correlation was found. Next, the NICD(Notch1 Intracellular Domain) -

RBPJ binding, an interaction that is crucial for the activation of the Notch pathway was targeted. 

This interaction can be inhibited by Nitric oxide (NO). Hence, Nicorandil, an NO donating 

compound was selected to modulate the Notch pathway and overcome TMZ resistance in GBM. 

Here it was shown that treatment with Nicorandil and TMZ was able to downregulate the Notch 

and EMT pathway and induce apoptosis in GBM and TMZ resistant GBM cell lines. The effect 

was found to be more significant in TMZ resistant cell lines, thus it was concluded that Nicorandil 

and TMZ when used as a combinatorial therapy has the potential to overcome TMZ resistance in 

GBM. 

Keywords: Glioblastoma, ETV6-NTRK3 fusion, Furamidine, Temozolomide resistance, 

Therapeutic interventions, Nicorandil 
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Polyploid giant cells form a significant fraction of a chemoresistant cell population. These cells 

are generated in response to stress signals including anticancer treatments like chemotherapy and 

radiotherapy. Polyploid giant cells (PGCs) have been linked to a number of pro-tumorigenic 

properties like increased genomic instability, epithelial-mesenchymal transition, stemness, 

metastasis and chemoresistance. They exhibit senescence and release several cytokines and growth 

factors in the tumor microenvironment due to senescenceassociated secretory phenotype. In this 

study, we have explored how these giant cells modulate other cancer cells in the tumor 

microenvironment. Chemoresistant cell lines were generated from parental breast cancer cell lines 

which showed better cell viability and enhanced cell survival due to a decrease in apoptotic 

tendency and increase in EMT. Polyploid giant cells developed from the chemoresistant cell lines 

exhibited senescence and showed an upregulation of senescence markers. The conditioned 

medium of PGCs induced a reduction in proliferation efficiency of breast cancer cells in a dose-

dependent manner. PGCs inhibited the cell cycle progression at G1 phase as revealed by the cell 

cycle analysis and hypophosphorylated state of retinoblastoma protein. A protein expression 

profile showed downregulation of cyclin D1 which was upregulated at the mRNA level. 

Dephosphorylation of 4EBP1 and its master regulator mTOR was found to be responsible for 

reduced proliferation efficiency via cap-dependent translation inhibition of cyclin D1 in breast 

cancer cells. Reduced proliferation or tumor dormancy has been linked to cancer progression in 

the recent research. We found an upregulation of stemness markers and mesenchymal markers in 

the breast cancer cells after treatment with PGC-media. The PGCmedia induced formation of 

larger colonies in soft agar colony formation assay. The Wnt pathway was found to be activated 

after treatment with PGC-media. Upon its inhibition, the tumorigenic potential of cells decreased 

along with reduced stemness and EMT. Hence, PGCs modulated the pro-tumorigenic properties 

of neighboring cells which could be responsible for tumor progression. Therefore, targeting 

polyploid giant cells can reduce their pro-tumorigenic effects thereby resulting in better treatment 

strategies. So an understanding of the interplay between polyploid giant cells and the tumor 

microenvironment needs some serious consideration. 

Keywords: Polyploid Giant Cells, Tumor Microenvironment, Cell Proliferation, Cell cycle, 

Stemness, Epithelial-Mesenchymal Transition 
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The concept of ‘sustainability’ has become an important issue of the 21st century, which faces 

several challenges. To achieve the goal of sustainability, catalyst plays a pivotal role in most of 

the chemical transformations and gained extensive interest in dealing with the global challenges 

in academic research and industrial applications in the past century.    

This work is focused on the development of non-noble metal-based oxide catalysts for industrially 

important ‘green’ organic transformations. In particular, efforts have been made to synthesize 

several single and double metal oxides, such as MnWO4, CuO, Co-doped MnWO4, and CeVO4, 

as a new class of catalyst for different reactions. These nanostructured catalysts are prepared using 

the hydrothermal method. Different morphologies of the same catalysts are designed using 

different surfactants or templating agents to study the morphology-dependent catalytic activity. It 

is asserted that morphology has a significant influence on the surface properties and, in turn, on 

the catalytic activity of the catalyst. The prepared MnWO4 catalyst is deployed for direct toluene 

oxidation via C−H activation to produce benzaldehyde in an acid-free mild condition. The higher 

surface acidity and surface charge of MnWO4 nano-bars give it an edge in the catalytic activity 

over the MnWO4 nanoflowers. CuO catalyst is found to preferentially oxidize the allylic position 

of cyclohexene in an aerobic condition without any external oxidant. Different morphologies of 

CuO were prepared by varying the bases. Among them, CuO catalyst with flower-like morphology 

exhibits the highest catalytic activity due to its highly active {001} exposed facet. Similarly, 

CeVO4 can oxidize the C=C position to produce benzaldehyde via the oxidation of styrene. Three 

different morphologies such as ‘particle,’ ‘rod,’ and ‘bar’ were obtained using different surfactant 

/ templating agents. The ‘particle’ shaped catalyst shows the most promising result due to its 

surface properties. The previously prepared MnWO4 catalyst is further modified via Co doping to 

enhance the catalytic activity, which can be used to synthesize imine by condensation of aldehyde 

and amine at room temperature and in an acid-free condition. The reaction parameters are varied 

in the catalytic reaction to obtain the optimal reaction condition. In all the cases, the catalysts and 

their surface properties are well characterized by different techniques, and their heterogeneity and 

recyclability are ascertained. 

In summary, this thesis focuses on developing several non-noble metal oxides as an important new 

class of heterogeneous catalyst for several ‘green’ organic transformations. 

Keywords: Heterogeneous catalysis, hydrothermal synthesis, doping, surface properties, C−H 

activation, manganese tungstate, copper oxide, cerium vanadate. 
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Customer Relationship Management (CRM) is a strategic initiative of an organization. It is used 

for attracting the customers, retaining the customers, and enhancing the customers’ base. To 

develop a CRM system, soft information and a huge volume of customers’ data are needed. This 

huge volume of customers’ data needs to be managed efficiently. This would help to know the 

customers’ habit, their daily needs, their purchasing behavior, their contact information and would 

help to know other customer-centric requirements. This huge volume of data needs to be stored 

and analyzed efficiently at the right time. In this context, Artificial Intelligence (AI) could play an 

important role for analyzing and predicting this huge volume of customers’ data at the right time. 

This would help the decision makers of the organization to take the right decision at the appropriate 

time. This AI integrated CRM system could enhance the customers’ experience and can provide 

effective inputs to the stakeholders of the organization with less cost and in a timely manner. The 

AI integrated CRM system helps quick decision-making by the authority of the organization. 

Though AI integrated CRM system is deriving several benefits, the studies show that there is a 

poor adoption of AI integrated CRM system in the organizations. This study would provide 

effective inputs to the system designers, systemintegrators, system-developers, and other key 

stakeholders of the organization to determine if the organization is ready for effective integration 

of their existing legacy CRM system with AI. Besides, this study would help to understand the 

role of AI integrated CRM system  in managing customer relationships. Also, this study is expected 

to determine the rank of an organization in terms of their stage of adoption of AI integrated CRM 

system in the organization. This study would explore the issues relating to adoption of ubiquitous 

CRM (uCRM), social CRM (sCRM) and issues related to security and privacy which may impact 

the adoption of AI integrated CRM system in an organization. Finally, this study would try to 

develop a comprehensive framework for identifying the Critical Success Factors (CSFs) for 

successful adoption of AI integrated CRM system towards integrating it with the knowledge 

management information system of that organization. 

Keywords: supercapacitors, energy density, voltage window, electrocatalyst, overpotential, 

catalytic stability 
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The present work aims at developing a suitable hybrid treatment technology for treating the 

flowback water which is recovered during the shale gas exploration by means of hydraulic 

fracturing. The flowback water has been received from different wells of Oil and Natural Gas 

Corporation, Government of India, Gujarat. It consists of wide variety of pollutants from the 

fracturing fluid and the rock formation making it difficult to treat using a single technology. Thus, 

the whole treatment technique is divided into multiple steps for adequate and efficient treatment. 

Here, froth flotation has been employed as primary treatment for removing oil from the real 

flowback water. A first-principle based convective mass transfer model was developed to describe 

the froth flotation performance. The resultant equation was solved analytically, compared with the 

numerical solution and a parametric sensitivity analysis on the process performance was 

undertaken. In addition, a correlation to estimate the flotation rate constant was proposed, thereby 

circumventing the need to obtain a large number of cumbersome parameters experimentally. 

Overall, this study proposes froth flotation as an efficient primary treatment method towards the 

separation of dispersed oil droplets from the flowback water and corresponding prediction of 

kinetics, using first-principle based transport model.    

 

The flowback water has high organic and dissolved solids. Advanced oxidation process can be 

used for removal of organics from the pretreated flowback water. After froth flotation, Fenton 

process was applied to treat this real life flowback water in order to investigate its efficacy to 

degrade the organics. The effects of various parameters like initial solution pH, the dose of Fenton 

reagents were investigated in detail. A comprehensive kinetic model was developed by considering 

various reactions involved in the process. The set of model equations was solved numerically and 

unknown rate constants were evaluated by optimization of degradation profile of the organics. The 

pH profile was also accurately predicted during the reaction. The model can be of help to design 

engineers to upscale such system. After the appropriate pretreatment to remove oil and organics, 

suitable membrane system was investigated in detail to reduce the TDS. A commercial 

nanofiltration flat sheet membrane was used in cross-flow mode to lower the TDS of the pretreated 

flowback water. Two stages of membrane filtration were carried out successfully to bring down 

the TDS to the desired level as prescribed by the Bureau of Indian Standards. A transient two-

component gel layer controlled model was implemented for the quantification of the membrane 

performance for both the filtration stages. For scalability of the system, the operating parameters, 

cross flow rate and transmembrane pressure drop were optimized using the criteria of the minimum 

energy consumption. 
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We have developed a formalism to predict the fast radio burst (FRB) detection rates for any radio 

telescope with given parameters. This also allows us to estimate the fluence, pulse width and  

redshift distribution of the FRBs predicted to be detected at the given radio telescope. This analysis 

requires us to make several assumptions regarding the FRB population and also regarding the pulse 

broadening due to scattering during propagation in the intervening intergalactic medium (IGM). 

The FRB occurrence rate is normalised to the FRB detection rate at the Parkes radio telescope. We 

find that for a range of FRB parameter values and a range of possible scattering scenarios, the 

redshift distribution predicted by our formalism matches that observed at the Parkes radio 

telescope.   

We have applied our formalism to predict the FRB detection rates for two Indian radio telescopes 

namely the upcoming Ooty Wide Field Array (OWFA) and the upgraded  Giant Metrewave Radio 

Telescope (uGMRT). Considering OWFA, which will operate at a nominal frequency of 325MHz, 

we predict that this is expected to detect ∼ 100 FRBs per day. For the uGMRT, we have considered 

FRB detection in four different frequency bands. We find that we have the best prospects of FRB 

detection in Band 3 (250 − 500MHz) where uGMRT is expected to detect ∼ 50 FRBs per day. 

Comparing FRB detection at OWFA and uGMRT, we find that OWFA can detect a large number 

of FRBs with poor localization in the sky whereas uGMRT can detect a smaller number of FRBs 

with better sky localization. The radio telescopes Parkes, ASKAP, CHIME and UTMOST, all of 

which function at different frequencies, have detected several FRBs each. We have used the 

observed dispersion measure and fluence of the non-repeating FRBs detected at these four 

telescopes to constrain the FRB population. Here we have parameterized the FRB population using 

the frequency spectral index α, the mean energy E and the exponent γ of the FRB energy 

distribution. In the first analysis, we have used the two-dimensional Kolmogorov-Smirnov test to 

find the allowed region of (α,E) space which is simultaneously consistent with the FRBs detected 

at all the four telescopes mentioned above. We find that in all cases the parameter range α > 4 and 

E > 60 × 1033 J is ruled out with 95% confidence. In a subsequent analysis, considering the FRBs 

detected at all four telescopes, we have used the maximum likelihood method to estimate the e 

value of the parameters α, E and γ. We also present confidence intervals for these parameters. 

Keywords: ast radio burst, transients, cosmology-observations, radio telescopes, scattering. 
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Liquefied natural gas (LNG) regasification terminals usually reject cold thermal energy to the 

seawater. It affects the marine life and loses the opportunity to convert the cold energy available 

with vaporized pumped LNG to power through Organic Rankine cycle (ORC). The delivery 

pressure of compressed natural gas) CNG may be equal or lower than the regasification pressure 

of LNG. Additional power can be produced by direct expansion (DE) when regasification pressure 

is higher. The capital cost of an ORC is largely dependent on the surface area of the heat 

exchangers that are usually designed with a fixed temperature approach or pinch temperature 

difference. This work shows that it is possible to increase power production substantially by re-

distributing a given total surface area optimally among the heat exchangers that involves no 

additional cost. Initially, a three-stage cascaded ORC with krypton, ethane, ethane and propane as 

the working fluids is chosen for analysis. LNG at 6 bar(a), 30 bar(a) and 70 bar(a) are vaporized 

and the cold energy utilized in ORC to derive power. The analysis shows that the power produced 

from the third stage constitutes a small fraction of the total power. The thesis shows that the ORC 

and DE system together produce much higher power than an ORC alone. Compared to 30 bar(a) 

regasification pressure of LNG, 70 bar(a) pressure has lower total outlet volume flow rate through 

turbine, pump inlet, hot side of heat exchangers and lower total capital investment in. Further a 

cascaded three-stage ORC system has been progressively truncated to two-stage and single-stage 

ones with and without cascading. A variety of the combinations of working fluids (out of ethene, 

ethane and propane) is evaluated in search of high power production and required surface area of 

heat exchangers with 70 bar(a) regasification pressure of LNG. Cascaded three-stages delivers 

maximum power, a two-stage system with first stage cascading is the best option in terms of power 

produced and number of components to be used in the ORC. In addition to that, the utilization of 

LNG cold energy in an air separation unit (ASU) has the potential to reduce the net specific power 

consumption of the ASU that produces only liquid oxygen. Design, parametric analysis and 

optimizations of ORC and ASU systems are done with the aid of commercial software, Aspen 

HYSYS® V8.6. There is always safety concern of pure oxygen coming in contact of natural gas 

that may lead to fire or explosion hazard. We evaluated a safer air separation unit (ASU) to utilize 

the LNG cold energy in a separate nitrogen heat exchanger that consumes higher specific power 

than that of the utilization of LNG cold energy in the main heat exchanger. We go a step further 

to propose two operational modes for producing a small quantity of liquid nitrogen and store it in 

a tank. In the second operational mode the stored liquid nitrogen is used to maintain the cold energy 

of the ASU in case the LNG supply shuts down. 
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Electron beam (EB) welding is one of the state-of-the-art welding processes with inherent 

advantages of high aspect ratio, low heat input, and minor defects. One of the high energy density 

welding processes, EB welding, is preferred for welding nuclear, aerospace, and automotive 

materials. Electrolytic tough pitch (ETP) copper component and precipitated hardened (PH) 

CuCrZr alloys are used as diagnostic neutral beam and heat-sink materials, respectively, in 

International Thermonuclear Experimental Reactor (ITER) for heat extraction from plasma-facing 

components. The feasibility and reliability of autogenous EB welded ETP Cu and CuCrZr alloy 

are primary research interests within the ITER context. Electron beam butt welding of CuCrZr 

alloy plates was carried out to correlate the effects of heat input, beam current, and welding speed 

on microstructural and mechanical properties of the joint. Microstructural and precipitation 

behaviours of different zones of the joint were analyzed using X-ray Diffraction (XRD), Energy 

Dispersive X-ray Spectrometry (EDS), and transmission electron microscopy (TEM). 

Additionally, Machine learning-based tools, like support vector regression (SVR) for prediction 

and unsupervised clustering algorithm for classification, were used to access the quality of the 

CuCrZr welded joint from bead surface attributes without offline destructive testing. Furthermore, 

3D visualization and quantification of porosity in EB welded copper plate were investigated. An 

attempt had been made to study the formation of spiking and spatter in the joint with the beam's 

varying beam power and oscillation amplitude. The welded copper plates were examined using 

micro–X-ray Computed Tomography (XCT) for porosity characterization and their quantification. 

An adaptive neuro-fuzzy inference system (ANFIS) based modeling had been attempted to predict 

the severity of spiking defect of the copper joints. In addition, a swarm intelligence-based multi-

objective approach was used to minimize spiking and maximize the weld penetration to handle the 

conflicting objectives.    

 

An increase in welding speed ensures enhancement of solidification rate, finer grains, keyhole 

profile and minimization of heat-affected zone, Cr-depletion and residual tensile strain. On the 

contrary, an increase in beam current has an inverse relation with thermal gradient, solidification 

rate, grain size, ductility and micro-hardness but yields increment in Cr-depletion, residual tensile 

strain, weld bead and HAZ width. The coarse grain, presence of residual stress, decrease in 

precipitate concentration, and concentration of intermetallic like Cu5Zr and Cu5Zr14 were 

observed in the fusion zone (FZ), and it might be the possible reason behind the degradation of 

tensile strength and microhardness. Beam power was found to have more influence than the 

amplitude of beam oscillation on porosity formation and spatter in the copper welded joint. The 
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probability of obtaining the spatter and porosity increased with beam power. Hydrogen and oxygen 

were found to be the prime residual gases causing gas porosity in the weld. A low level of 

frequency and a high level of amplitude oscillation were found to be suitable for minimizing 

spiking in the welds. Moreover, a low accelerating voltage and beam current with the high scan 

speed, and beam focused away from the surface were the primary requirements to control spiking 

phenomena. As classified by clustering algorithms, the high voltage and current with moderate 

welding speed were the recommended parameters to get a high strength CuCrZr joint. Keyhole-

based weld profile could be acquired by utilizing high beam power and welding speed. 

Keywords: Electron beam welding; Copper alloy; CuCrZr; Mechanical properties; Metallurgical 

study; XCT; Porosity; Spiking; ANFIS; Multi-Objective Optimization; Bonobo optimizer; Particle 

swarm optimization; Clustering; Support Vector Regression; Machine Learning 
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This research proposes a neoteric methodology for analysing the configuration of the planetary 

power-split device (PSD) in a Hybrid Electric Vehicle (HEV) to improve fuel efficiency and 

reduce emissions, the two major attributes of ecodesign. A new configuration including parametric 

design of PSD through re-designing of the planetary gear mechanism to satisfy ecodesign goals 

has been developed using the expounded methodology. The need for efficacious PSD-based HEV 

modelling and analysis is fulfilled by integrating a model-based design approach with Computer-

aided Engineering (CAE) for obtaining applicative outcome. Although research on multistage PSD 

configuration for fuel efficiency or GHG emission reduction can be found in the literature, any 

relationship between ecodesign goals and gear geometric features are scantily available and more 

so if additionally, to include component durability, for withstanding deformable stresses induced 

by rotating motions of PSD gear components. These aspects are addressed through a unified model 

in this work, integrating model-based design (MbD) of power-split HEV with CAE, establishing 

the utility of the integrated design. Design of Experiment (DoE) approaches, namely, central 

composite design, Box Behnken Design and Taguchi method are employed with polynomial 

regression estimation, back propagation neural network, genetic algorithm and multi-surrogate 

optimisation models to improve model prediction accuracy. High R2 values (greater than 90%) 

are achieved and also with enhanced component durability. The gear ratio and configuration data 

are analysed in the MbD platform, and the result shows improvement in fuel efficiency and 

emissions without any deterioration in acceleration performance. Use of DoE for optimising 

single-stage PSD configuration results in significant weight reduction of 22.26% while still 

remaining within the acceptable limit of natural frequency of vibration. Furthermore, a 6.1% 

reduction of fuel consumption is obtained with 1.27% reduction of HC emissions. In case of double 

stage PSD, about 30% reduction in fuel consumption and emissions is achieved when CAE-based 

configuration screening is integrated with MbD analysis. The proposed method is capable of high 

accuracy predictions while precluding complexity in design and computational analysis. 

Keywords: Power-split Hybrid Electric Vehicle, Configuration Analysis, Fuel Consumption, 

Greenhouse gas emissions, Design of Experiments, Computer-Aided Engineering and Model-

based Design. 
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This research proposes a new methodology for designing parallel shaft gearbox in passenger cars, 

aimed to reduce gear-shifting effort, embedding eco-design; comprising fuel economy and 

greenhouse gas emission as its attributes. It is a two-step design methodology; devising a neoteric 

shifting strategy for gear clusters selection for merging of gear ratios and refashioning gearbox 

architectures, compatible for intra-gear-shifting. This study considers an orthodox Dual Clutch 

Transmission (DCT) as a reference model, on which configurational modifications are 

implemented through spatial rearrangement of gears, derived following the functioning pattern of 

shift strategy. Three shifting strategies are propounded here; Type-I through Type-III, which has 

been the basis for designing compatible gearbox architectures. Two architectural configurations 

are based on Type I and Type II shifting strategies, involving two clutches. While, two other 

architectural variants are configured; one with three clutches and the other with two in the case of 

the third (Type III) shifting strategy. Modified gear-shifting sequences and algorithms are designed 

to mitigate manual interference in shifting, leading to reduced shift frequency, while not 

compromising on the merits of using multiple gear ratios. Further, to select shift compatible 

gearbox, a design screening approach is adopted to ascertain the optimal ones out of several model 

layout alternatives created through full factorial of robust design technique. The resultant layout-

based information is utilized to develop the CAD model, rendered through SolidWorks software, 

due to its expedient functionalities. The designed CAD models have subsequently been fielded for 

visualization of gear-shifting to verify the efficacy of gear engagement and disengagement 

operations, utilizing MSC ADAMS software. Besides visualization of virtual models, the 

mathematical models of the shifting strategy as well as the gearbox architectures, developed in 

MATLAB Simulink environment, are tested for fuel economy and emission, employing standard 

driving cycles, namely, ‘Highway Fuel Efficiency Test (HWFET)’ and ‘National European 

Driving Cycle (NEDC)’. Test result values have been compared with the standard vehicle 

performance data, retrieved from the ADVISOR software. The results show that the design reduces 

the shifting effort by more than 46%, improves fuel economy well above of 4.6-8.7% and also, the 

borderline overall improvement in emission is observed. 

Keywords: Parallel Shaft Gearbox, Gear- Shifting Strategy, Gearbox Architecture, Dual Clutch 

Transmission, MATLAB Simulink and Ecodesign. 
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Functionally graded materials (FGMs) are advanced composite materials that have gained 

considerable attention due to their high strength, stiffness, and thermal resistance. Since the 

invention of FGM, variation of material property is considered in one direction only upto a certain 

time. This FGM is recently termed as uni-directional FGMs. In this type of FGM, material 

properties are assumed to vary in the thickness direction. To design advanced structures and 

components such as high-speed jet engines, space-shuttles, etc., the material properties of FGMs 

are required to be graded in two or more directions. These types FGMs are known as multi-

directional FGMs. In the process of fabrication, FGM experiences different temperature gradients 

due to differences in the solidification temperature of metal and ceramic. This temperature 

difference leads to the formation of micro-voids or porosity. The existence of micro-voids or 

porosities in the materials reduces the mechanical strength of material, which may lead to the 

structural failure.   

 

In this thesis, the uni-directional FGM plate is modeled considering power law to investigate the 

free vibration and buckling behavior under uni-axial and bi-axial compressive loads. The 

mathematical formulation has been presented for finite element solution using inverse 

trigonometric shear deformation theory (ITSDT). Uni-directional FGM sandwich plates are 

modeled using Voigt’s micromechanical model considering the power and sigmoid law to 

investigate thermal buckling analysis afterward. Thermal loads are considered with respect to the 

rise in temperature following uniform, linear, nonlinear, and sinusoidal temperature profiles to 

obtain the critical buckling temperature of uni-directional FGM sandwich plates. Further porosity 

has been incorporated in the FGM sandwich plate to investigate the impact on critical buckling 

temperature. To incorporate the porosity in FGM sandwich plates, even, uneven, logarithmic 

uneven, linear uneven, and sinusoidal uneven porosity distribution models are considered.    

 

A multi-directional FGM sandwich plate with porosity distribution is modeled to investigate the 

free vibration and buckling behavior. The effective material properties of multidirectional FGM 

sandwich plates are assumed to be continuously varying in the longitudinal and transverse 

directions. Bending analysis of multi-directional FGM sandwich plates under thermomechanical 

loading has been investigated afterward. The governing equations for free vibration, buckling and 

thermo-mechanical bending of multi-directional FGM sandwich plates are obtained using 

sinusoidal shear deformation theory (SSDT). It is observed from the investigations that the 

direction of material gradation in unidirectional and multi-directional FGM plates has significant 

impact on its structural response. The results demonstrate that volume fraction index and material 

property gradation along longitudinal and transverse directions can be used as a significant 

parameter to design uni-directional and multidirectional FGM plates. 
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  Keywords: Functionally graded material; Uni-directional FGM; Free vibration; Buckling; 

ITSDT, Thermal buckling; Power law; Sigmoid law; SSDT; Even and uneven porosity; Multi-

directional FGM; Thermo-mechanical bending;    
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Today integration of solar photovoltaic (PV) plants through power electronics converters into the 

grid has proven to be a promising solution in mitigating environmental challenges. Such plants, 

having fault current limitations are governed by country specific control requirements which 

modulate the fault voltage and current patterns differently than synchronous machine based 

sources. Therefore, the existing protection principles cannot be good enough for distribution 

systems in the presence of inverter-interfaced PV plants. 

 

In this thesis, algorithms are developed to improve protection reliability in PV plants connected 

systems. A high-speed time-domain directional relaying method using only phase fault current is 

proposed to overcome the issue with the uncommon phase shift of current from voltage with PV 

plants presence. A quadrature-axis transform components-based scheme is proposed for line 

protection, which is accurate even when the magnitude of fault current is at par with the rated 

current. This scheme uses the communication channel to transfer the direction information to other 

end for the decision. A positive sequence component-based method using local data is proposed 

which addresses the varying current contribution of PV plants. The method resolves the protection 

coordination issue of distribution systems with PV plants. An adaptive distance relay setting using 

local pre fault data is proposed addressing the change in PV source impedance during fault. A 

combined distance and voltage-restrained overcurrent relay based approach is proposed to reduce 

the overall operating time of protection systems. The proposed methods can be implemented in 

any numerical relays without addition al hardware requirements and are cost-effective solutions 

for line protection. Using Dig Silent Power Factoy and MATLAB/Simulink, the proposed methods 

are tested for the standard distribution systems, including the CIGRE system with PV plants, and 

found to be applicable for relays on PVplant – side as well as grid end. Hardware-in-loop testing 

using OPAL-RT simulator as a system, Arduino UNO/NANO microcontroller as a relay, and IEC 

61850 protocol as a communication channel validates the proposed method in real-time. 

 

Keywords: Distribution system, Solar photovoltaic plant, Time-domain protection, q-axis 

component, Hardware-in-loop testing, IEC 61850 protocol. 
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In this thesis, we focus on two crucial aspects of holography, first, the appearance of classical 

integrability in the low energy decoupled versions of brane geometries with Anti de-Sitter (AdS) 

factors and second, aspects of some D-brane phenomenology in QCD-like non-super symmetric 

no conformal gauge theories which are realized on the world volume of the non-super symmetric 

D-branes.  

 

In the first part of the thesis, we prescribe an elegant manifestation of deformed Neumann-

Rosochatius (NR) model, one of the earliest classical one dimensional integrable models, for 

rotating and pulsating ansatz for some chosen probes in different AdS backgrounds stemmed from 

some well-known brane configurations. By solving the integral equations of motion of the NR 

model, we reproduced, at least up to some special limits, the energy-momenta relations of some 

generic string states that are dual to some known local gauge-invariant operators as well as to the 

relevant spin chain descriptions.  

 

In the line of phenomenological exploration, we take both isotropic as well as anisotropic non-

BPS D2 brane sectors of type IIB super gravity and observe the QCD-like confinement and pseudo 

scalar glue ball mass spectrum of the respective world volume gauge theories in the entire non-

perturbative region. We find different QCD features consistent with those so far obtained in higher 

dimensional pure Yang-Mills theories. In particular, for the anisotropic D2-brane case, our 

nonperturbative knowledge articulates the Hawking-Page transition by controlling the anisotropy 

and infers the QCD confinement-deconfinement transition as its dual from an tangible finite 

temperature scenario. 

 

Keywords: AdS/CFT correspondence, Semiclassical string, Non-susy brane, String/QCD duality, 

Running coupling, Confinement, QCD string tension, Pseudoscalar glueball mass, QCD3, 

Hawking-Page Transition 
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Moore’s law has been the driver in semiconductor technology, describing the advancement of 

technological capability since its introduction in1965. Progress in the field of the nano-scale device 

resulted in billion soft transistor sins idea modern-day VLSI chip with almost no room for further 

miniaturization leading to an eventual slowing down of Moore’s law. The slowing down of 

Moore’s law is not just hype but a reality that requires serious attention. More and more transistors 

are squeezed inside a chip, and consequently, there is not much room left at the bottom anymore. 

Moreover, the problem of memory-bottleneck in the traditional von-Neumann architecture urges 

researchers to find an alternative architecture that rectifies this problem. DRAM, SRAM, and Flash 

are traditional memory technologies rapidly reaching their size and power consumption limits. In 

addition, due to its restricted endurance, the Flash memory cannot be scaled beyond the current 

regime. All of these contribute to the quest for emerging technologies that can solve the above 

problem. Memristors, an emerging device, also classifiable as Resistive RAM (RRAM), has the 

potential to answer these problems. A memristor is a two-terminal passive device capable of 

remembering the charge that previously flowed through it. Memristor, a concatenation of memory 

and resistor, was known to be fabricated successfully only in 2008 by HP Labs. Memristors exhibit 

unique properties that support various logic and memory operations, and due to the advancement 

in memristor-based research, they are expected to be a replacement for flash memory devices in 

the near future. The unique properties of memristor lay the foundation for an architecture beyond 

the traditional von-Neumann architecture, commonly known as an in-memory computing 

architecture (IMC). In IMC, both processing and storage of data can be performed in the same 

memory unit without the need to have a separate process or and memory. Memristors can be 

efficiently fabricated as a crossbar array. Diverse memristor-based logic designs have been 

reported, such as MAGIC, IMPLY-based, BDD-based, AIG-based, and MIG-based, which can be 

carried out on the crossbar. The lack of mitigation for the sneak-path issue in the memory array is 

a typical flaw in these systems, resulting in erroneous data processing. This thesis concentrates 

mainly on various solutions to the sneak-path prob lem and the necessary logic synthesis 

techniques for in-memory computing on 2D and 3D crossbar arrays. Various operation mapping 

techniques for these synthesis methods are also proposed to achieve scalable and efficient 

processing of data. The adopted solutions to fix the sneak-path issue are based on a transistor 

gating based on the 1T1R cell structure and the use of complementary memristor cells in the 

crossbar. We also explore the possibility of logic operations on data stored in the crossbar using 

the MAGIC NOR and Majority gate operations. Experimental results on various benchmark 

functions show the proposed works’ efficiency compared to existing logic synthesis techniques. 

 

Keywords: Memristor; RRAM; In-memory computing; Sneak path; 1T1R; Complementary 

memristor; Complementary resistive witches; Crossbar; MAGIC. 
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Woven fabric composite (WFC) materials are popularly used in various fields of application 

including structures related to aerospace, civil, military, automotive, defense and space shuttle. 

Higher inter-laminar strength, impact resistance, fracture toughness, and delamination resistance 

are its advantages over unidirectional composites. Present research work utilizes the combined 

experimental and numerical frameworks to characterize WFC with respect to various aspects such 

as void defects, resin infiltration, weave pattern, stacking effects, etc. 

 

Any void present in composites significantly affects the mechanical and thermomechanical 

properties. Consequently, these unwanted void defects significantly reduce the stiffness and 

strength of the composites. This leads to the failure of structures during their service period. Voids 

are inevitable in textile composites because of the complex nature of resin infiltration process and 

its controlling parameters, i.e., vacuum pressure, temperature, resin flow velocity, etc. Therefore, 

study of presence of voids is essential for accurately achieving the effective properties of textile 

composites. Experimental characterization studies are carried out for E-glass/epoxy composites 

containing void defects. Composite laminates containing void defects are fabricated using the resin 

film infusion molding process. The mechanical and physical properties of the WFC are 

characterized. In addition, non-destructive tests such as X-ray Microtomography (XMT) and 

scanning electron microscopic (SEM) analyses are also carried out to characterize the postcured 

composites and fractographic study of the plain WFC, respectively. 

 

Further, the experimental characterization studies are carried out for carbon/epoxy 5-harness satin 

weave composites (SWC) containing void defects. This laminate was fabricated from bidirectional 

carbon prepreg (Hexply 914/40%/285H%/ AS4C-3K/1170 mm) using an autoclave curing process 

to accomplish optimum laminate properties. Diverse cure system (DCS) has been used to introduce 

void defects in the laminate during the curing process. The tensile and in-plane shear tests are 

conducted to investigate the in-plane mechanical properties of the SWC. The fractographic and 

post-cured microstructural studies were carried out for SWC using SEM and XMT analyses, 

respectively. In addition, the short beam shear tests are conducted with pristine laminates for both 

normal (room) and (150◦C) elevated temperature environments to determine the inter-laminar 

shear strength (ILSS) of the SWC. The influence of temperature effects on the ILSS has been 

discussed. The compression tests are conducted to investigate the compressive strengths of 5-

harness SWC. Fractographic study has been performed for specimens failed during compression 

tests and corresponding compressive failure modes are discussed.  

 

In this work, the in-plane mechanical properties of both E-glass and carbon composites are 

determined experimentally to verify the efficacy of the present numerical approach. Multiscale 

finite element (FE) based representative volume element (RVE) models have been developed, and 
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periodic boundary conditions (PBCs) are applied to the RVE models to evaluate the homogenized 

thermomechanical properties of WFC containing void defects. Present numerical model 

incorporates the geometrical microstructures of post-cured woven composites and void contents 

obtained from XMT analysis. Void defects are incorporated and assumed to be identical for both 

fiber yarn and WFC in micro and mesoscale RVE analysis, respectively. The influence of void 

defects and resin infiltration effects are incorporated to evaluate the thermo-mechanical properties 

of the WFC. Parametric studies have been carried out with variation of void defects in the yarn 

and WFC models. Monte-Carlo simulations (MCS) are carried out to study the influence of void 

contents on the thermo-mechanical constants of both fiber yarn and WFC. Results obtained from 

the present numerical approach show a good agreement with experimental results. Further, the 

two-step homogenization approach has been extended to predict thermo-mechanical properties of 

5-harness SWC considering void contents using an artificial neural network (ANN) and MCS. 

Results obtained from ANN and FEM approaches agree well, and both results show a good 

agreement with experimental results. Presence of voids are observed to have significant influences 

on the thermo-mechanical properties of both yarn and WFC.  

 

Further, this approach is extended to the study of mechanical and thermomechanical properties of 

3D textile composites. Various parameters such as 3D woven architecture, temperature variations 

and stacking effects on thermomechanical constants are discussed. Present FE results are in well 

agreement with the available literatures. Multiscale FE models are also developed for steady-state 

thermal analysis to investigate the thermal conductivities of 2D and 3D woven fabric composites 

using two-step homogenization approach. 

 

 Keywords: Multiscale modeling, Two-step homogenization, Textile composites, X-ray 

microtomography, Thermo-mechanical modeling, Void modeling, MonteCarlo simulations, ANN, 

RVE, Local fields, Periodic boundary conditions. 

  



 

 499 

Central Library, Indian Institute of Technology Kharagpur 

2021 - 22 Abstracts of Ph.D. Theses 

DEPARTMENT OF AEROSPACE ENGINEERING  

 

Suman Tewary 
Supervisor: Prof. Sudipta Mukhopadhyay 

School of Medical Science and Technology 

Accession No.: NB17577 

 

 

Breast cancer is the most common form of cancer among women. In breast cancer prognosis, 

various immunohistochemical (IHC) molecular markers are being used across the world by expert 

pathologists for the therapeutic decision making. Ki-67 is a molecular marker that shows 

proliferation or chances of tumor growth and assessed using Ki-67 Proliferation Index. Hormone 

receptors based molecular markers such as Oestrogen and progesterone receptors (ER/PR) scored 

using Allred Score and Human Epidermal Growth Factor Receptor (HER2) score are used as a 

combination of triple scoring by experts. All these four molecular markers are often termed as 

IHC4. These molecular markers not only decide which adjuvant therapy should be performed but 

also predict therapeutic responsiveness for the patients. The scoring protocol for these molecular 

markers are well defined by recognized medical associations. In regular clinical settings, the breast 

cancer patients’ tissue sample is stained by respective molecular markers and observed under a 

microscope for manual scoring by pathologists. Scoring of such markers is a challenge for the 

pathologists due to various factors. Heterogeneity in staining,   subjective variation to assess colors 

as well as observation settings including illumination and optics added by manual interpretations 

affect in inter-observer variability. Also, the manual scoring is tedious and time consuming. A 

number of automated software as well as free software tools are available. These software often 

require manual interventions. Computer vision and machine learning algorithms are being 

developed to generate marker-specific scoring. With the advancement of computational 

approaches, deep learning architectures have also been reported for automated scoring. In this 

work, efficient scoring approaches for IHC4 are proposed as value addition for automated 

immunohistochemical image analysis. Microscopic image acquisition from collaborative hospital 

as well as benchmark data is targeted to address the automated analysis. Proposed approaches have 

achieved better accuracy compared to contemporary literature and open source tools. SmartIHC-

Analyzer and AutoIHC-Analyzer for Ki-67, proposed in this thesis, has shown 6.21% and 8.19% 

average deviation respectively, AutoIHC-scoring for ER/PR Allred scoring and AutoIHC-

Analyzer for HER2 scoring have shown Pearson’s correlation r =0.9192,and r 

=0.9448respectivelywithdataacquiredfromcollaborative hospital. Proposed deep learning 

architecture AutoIHCNet has shown 98% accuracy for HER2 challenge dataset. Automated 

immunehistochemical analysis for IHC4 will be of immense help for pathologists in prognostic 

evaluation efficiently.  

 

Keywords: Allred score, breast cancer, deep learning, ER/PR expression, HER2 expression, 

image processing, immunohistochemistry, Ki-67 proliferation index and machine learning. 
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Massive multiple-input multiple-output (MIMO) systems consist of a large number of antennas 

and Radio frequency (RF) chains, which increase circuit power consumption, complexity, and cost 

at the RF frontends. The high-resolution analog-to-digital converters (ADCs) at the RF front end 

is one of the major contributors to power depletion. Thus, massive MIMO system with low-

resolution ADC sat RF circuitry is seen as one of the potential solutions to reduce the power 

consumption and cost associated with the RF chains. However, the availability of accurate channel 

state information (CSI) at the base station (BS) remains a challenging task due to the quantization 

noise of finite-bit ADCs. Furthermore, pilot contamination in multi-cell scenarios degrades their 

performance to a large extent. The existing literature mostly employs pilot aided channel estimator 

that demands additional pilots to improve the estimation accuracy, which in turn reduces the 

spectral efficiency (SE) of the system. 

 

In this thesis, we propose an iterative semi-blind channel estimator for sub-6GHzmulti-user 

massive MIMO systems with low-resolution ADCs and evaluate its uplink performance. The 

proposed algorithm consists of two stages, namely, initialization and iteration. The initial channel 

estimate is obtained from the pilot based initialization stage, which is refined further in the iteration 

stage with the help of both pilot and a few data symbols. The inclusion of a few data symbols in 

the estimation process of the iteration stage enhances the CSI accuracy of the proposed scheme. In 

addition, the effect of pilot contamination and quantization on the estimate reduces with the 

increase in the data length. Thus, the proposed semi-blind estimator improves the estimation 

accuracy with the addition of a few data symbols in the CSI acquisition process and concurrently 

enhances the SE under a minimum pilot length constraint, unlike pilot based schemes. Also, we 

derive a theoretical lower bound on the uplink achieve able rate under per fect and imperfect CSI 

using maximal ratio combining (MRC)and zero-forcing(ZF)receivers. Through simulations, we 

show that the proposed scheme achieves a significant improvement against the existing pilot based 

estimators in terms of estimation accuracy, bit-error rate (BER), SE, and energy efficiency (EE) at 

the cost of a nominal increase in the computational complexity. The proposed algorithm attains a 

conver gencein at most two iterations for all the considered scenarios of a finite-bit massive MIMO 

system. Further, we demonstrate that the proposed scheme in a one-bit system achieves almost the 

same sum SE as that of a pilot-aided estimator in a conventional (i.e., infinite resolution) massive 

MIMO system for lower values of signal-to-noise ratio (SNR). In addition, the sum SE and EE 

obtained by the designed semi-blind scheme of low-resolution (i.e., 3-4 bit) ADCs based massive 

MIMO system outperforms the sum SE and EE of conventional pilot aided massive MIMO 

systems. Thus, the proposed semi-blind estimator is spectral and power efficient in comparison to 

the existing pilot based algorithms. 

In addition to sub-6 GHz massive MIMO systems, millimeter wave (mmWave) MIMO systems 

need more number of antennas to compensate the huge path loss incurred in the communication 
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due to its frequency spectrum. The requirement of one RF chain for each antenna in a fully digital 

architecture escalates the RF hardware complexity, cost, and circuit power consumption. In this 

context, a hybrid beam forming architecture with low resolution ADCs is seen to be a promising 

solution for energy efficient mm Wave MIMO systems, where it requires less number of RF chains 

in comparison to the conventional mm Wave MIMO systems. However, the channel estimation in 

hybrid millimeter wave MIMO systems with low-resolution ADCs remains a challenging task. In 

this thesis, we propose a group sparse Bayesian learning (SBL) algorithm for frequency selective 

wideband channel estimation in mm Wave MIMO system equipped with hybrid architecture and 

finite-bit ADCs. By using Bussgang decomposition, we reformulate the non-linear channel 

estimation problem in to a linear sparse signal recovery problem. The channel matrix is represented 

in terms of the beam space channel vector employing 

suitabletransmitandreceivearrayresponsedictionarymatrices. The important features of the 

proposed scheme are thatite xplo it’s the group sparsity inherent in the equivalent beamspace 

mmWave MIMO channel vector and considers the effect of correlated noise in the channel 

estimation model. Through simulations, we demonstrate that the proposed SBL scheme achieves 

an improved performance compared to the existing orthogonal matching pursuit (OMP) based 

estimator. Also, the proposed estimator can significantly reduce the number of antenna and training 

overheads to achieve similar performance to the existing estimators. 

 

Keywords: Massive MIMO, low-resolution ADCs, semi-blind channel estimator, pilot 

contamination, mmWave MIMO, hybrid architecture, Bussgang decomposition, sparse Bayesian 

learning, sparse channel estimator. 
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With more than twenty years down the twenty-first century, communication networks are 

undergoing a paradigm shift. Due to the increase in available computing power, computing-

intensive applications in form of augmented/virtual reality, internet of vehicles, remote 

automation, etc., have emerged in addition to the traditional voice, video, and data. The increasing 

role of computing in executing applications over networks led to the emergence of cloud, and 

subsequently edge and fog computing. Next-generation networks are envisioned to be application-

driven and designed to satisfy end-to-end (E2E) quality of service (QoS) and quality of experience 

(QoE) requirements of the applications, considering both network and computing paradigms. This 

thesis focuses on achieving the aforementioned goals at the access part of the network that connects 

end-users to the service providers.  

 

The access segment of the network experiences significant dynamic behavior as compared to its 

core counterpart due to the independent and random nature of users and customers. The thesis 

investigates two popular access network technologies: Passive Optical Networks (PON) and Radio 

Access Networks (RAN), in the context of fog and edge computing. While PON is a wired access 

network, RAN connects to users wirelessly with a wired counterpart from radio stations to the 

edge/core servers (also known as backhaul). It is desired that fog/edge nodes be integrated with 

PON in a cost-effective and seamless manner, without altering the protocols in place. In addition, 

it is important to investigate and design dynamic bandwidth allocation (DBA) policies that can 

satisfy the strict QoS requirements. Chapter 3 of this thesis, demonstrates how to design a cost-

effective fog-integrated architecture for PON. It also delineates a dynamic bandwidth allocation 

protocol that enables the communication between fog node and users without significantly 

changing the existing DBA of PON. In Chapter 4, the problem of satisfying strict QoS 

requirements is solved using the Model Predictive Control (MPC) technique. For this, an 

innovative delay tracking mechanism using virtual queues is developed, allowing one to take far-

sighted decisions in contrast to short-sighted ones that is commonly employed in the literature.  

 

In RAN, it is envisioned that future networks be zero-touch, implying that the network is able to 

intelligently automate its policies according to demands, thus significantly reducing human 

intervention. Orchestrators such as software defined network (SDN) controller (for networks) and 

Kubernetes (for servers) play an important role as key enablers of a zero-touch implementation. 

To meet the different QoE requirements of new applications, networking and computing resources 

are virtualized and sliced-up for each application type, also known as network slicing. To achieve 

E2E QoE, the two orchestrators should work jointly and create slices of networking and computing 

resources to satisfy E2E QoE. In addition, they must establish the relationships between E2E QoE 

and resources so that resource requirements are decided for both deterministic and dynamically 

changing environments in an automated manner. Chapter 5 of this thesis develops sequential 
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distributed learning and optimization models to learn the relationships under static and dynamic 

conditions and take robust slicing decisions to achieve E2E QoE at the backhaul of RAN. The 

learning process requires the incorporation of artificial intelligence (AI) in the slicing process 

which is a crucial step towards zero-touch network design.  

 

To summarize, this thesis demonstrates how next-generation access network architectures 

involving fog/edge computing are designed, operated and maintained in an automated and 

seamless manner.  

 

Keywords: Fog Computing, Edge Computing, PON, DBA, QoS, QoE, AI, SDN, Kubernetes. 
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The nano-micro mechanical behaviour of the as-cast and cold rolled plates of 

Zr41.2Ti13.8Cu12.5Ni10Be22.5 (VIT1), Zr52.5Cu18Ni14.5Al10Ti5 (VIT105), 

Zr58.5Cu15.6Ni12.8Al10.3- Nb2.8 (VIT106A) and Zr55Cu30Ni5Al10 (at. %) bulk metallic 

glasses (BMGs) with different glass fragility parameters in the range of 39-69, has been 

investigated using instrumented Nano indentation in constant loading rate (CLR) and constant 

strain rate (CSR) mode on the surfaces and inner core. The hardness (H), Young’s modulus (E), 

indentation size effect (ISE), strain rate sensitivity (m) and activation volume (V*) under CLR and 

CSR modes of surfaces and inner core of the as-cast samples identified as LW and TW planes, 

were studied. The effect of testing conditions on the deformation mechanism of BMGs and the 

observed strain rate sensitivity have been discussed in terms size and dynamics of shear 

transformation zones (STZs)  by considering the presence of solid-liquid like regions in the glassy 

structure. The solid-liquid like regions in the glassy structure affects the deformation mechanism 

of BMGs as the liquid-like regions trigger the activation of the STZs, which promote formation of 

shear bands at various testing conditions. The as-cast plates of VIT1, VIT105 and VIT106A were 

cold rolled up to 30% strains. The effect of cold rolling on the H and E values of the rollingwidth 

(RW), normal-rolling (NR), normal-width (NW) planes in VIT1, VIT105 and VIT106A has been 

investigated at peak loads in the range of 50 mN-500 mN. The 3D optical surface profilometry on 

cold rolled specimens revealed that the shear band width has reduced and shear band offset height 

has enhanced with the increase of cold rolling extent. Calorimetric studies and model calculations 

disclose that the free volume annihilation rate dominated over the free volume creation rate in 

hardened VIT1 cold rolled samples, which resulted in relaxed and dense glassy structure, 

exhibiting improved H and E. Cold rolling modifies the medium-range order glassy structure, 

which is responsible for the observed softening and hardening behavior. The cold rolling reduces 

the number and magnitude of pop-in events at a given loading rate resulting in continuum yielding 

and a gradual transition from inhomogeneous to homogeneous flow behavior with increasing cold 

rolling strain. The total discrete bursts (hdis/hplas) during plastic flow, deformation acceleration 

factor (A), and the number of the shear bands around and beneath the indentation impressions were 

reduced at a given loading rate with the increase of the cold rolling extent indicating a continuum 

yielding and a transition from inhomogeneous deformation (stair-step-like) to a homogeneous 

deformation leading to a smoother parabolic Ph curve upon cold rolling.   

 

 

Keywords: Bulk metallic glasses, nanoindentation, cold rolling, hardness, strain rate sensitivity, 

activation volume, free volume, shear transformation zones. 
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The size of radio frequency (RF) front-end circuits has reduced to a few square millimeters with 

the advent of sub-micron CMOS technologies. Keeping in pace with this chip size, the major 

advancement in the field of on-chip antennas (OCAs) has been for the millimeter-wave 

frequencies. As silicon die is costly, chip size must be kept small irrespective of the frequency 

band. Thus, the real challenge in designing OCAs is for the lower RF frequency bands, which 

require efficient antenna miniaturization techniques. The realized gain of standard CMOS OCAs 

is considerably low, primarily due to the lossy silicon substrate. Added to this, antenna 

miniaturization further reduces the gain for OCAs at RF frequencies. Nevertheless, such OCAs are 

worthy of high-speed Internet-of-Things enabled applications involving short-range wireless 

communication systems and implantable medical devices with the added advantage of smaller size 

yet comparable gain to that of off-chip antennas. In this thesis, the operating frequency for all 

circuits is chosen as 2.4 GHz. The reported works on OCAs are first reviewed. Then, conventional 

non-radiating on-chip passive components are discussed. Following this, two sizeconstrained high-

performance RF passive structures are proposed. The first is a metal-oxide-metal capacitor and its 

co-design with an image reject filter with image frequency at 1.8 GHz. The image reject ratio is 

better than 35 dB. The second is a perfect-magnetically coupled 1:1 transformer for dc isolation 

applications. Next, a package-aware standalone OCA is described. The OCA in air when used for 

implantable purposes is shown to retain its impedance properties with tolerable gain degradation 

due to the package encapsulation. The philosophy of high-performance systems through antenna-

circuit codesigns avoiding inter-stage matching circuits is subsequently introduced. A low noise 

amplifier is codesigned with an OCA for a noise figure of 1.7 dB. A design flow is proposed to 

find the optimum input impedance for achieving the maximum figure-of-merit for the receiver. 

Co-designs of energy harvesters including linear and circularly polarized OCAs with single-ended 

and differential rectifiers are presented for high RF-dc power conversion efficiency over a wide 

dynamic input power range and −22-dBm sensitivity. Finally, conclusions are drawn with scope 

for future works.  

 

Keywords: CMOS on-chip antenna, energy harvester, filter, implantable antenna, low noise 

amplifier, MOM capacitor, package, RF rectifier, transformer. 
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Real-time monitoring and detection of human pedestrian behaviors is a crucial task in the fields of 

pedestrian movement and safety. Footages from surveillance videos can help create a real-time 

model that can monitor and analyze pedestrian movement in real-time, eliminating the need for 

individual permission that was previously essential to collect pedestrian positional data. This work 

utilizes computer vision algorithms to monitor real-time surveillance camera footage in linear 

enclosed spaces. Three deep learning algorithms (SSD, Faster R-CNN, and YOLOv3) are 

compared for pedestrian detection, prioritizing detection speed over accuracy. The best-obtained 

technique (YOLOv3) is further re-trained using transfer learning on contextual data. This 

improved YOLOv3 technique, coupled with the DeepSORT tracking algorithm, produced 81% 

accurate counts (F1 score=89.8) at an analysis frame rate of 0.185 seconds per frame, which is 

closest to real-time. Additionally, detected movement statistics such as pedestrian count, velocity, 

and flow rates, when measured against the standard density and flow rate charts, show considerable 

correspondence to established patterns. Pedestrian group sizes were extracted with the DBSCAN 

clustering algorithm, showing a group size ranging from 2 to 4, with the highest standard deviation 

at size=4. Human movement patterns were identified with over 85% accuracy against four preset 

types- using positional differences and validated against manual feedback. From observed 

positional coordinates, identified behaviors, distance from obstacles, and neighbor positions, 

individual movement trajectories were predicted for 4 seconds using a seq-2-seq LSTM network, 

showing a Final Displacement error of 0.678 m and an Average Displacement Error of 0.386 m. 

The individual predicted trajectories were then visualized using a two-dimensional agentbased 

simulation model. This procedure could be implemented in similar contexts for pedestrian 

management, layout analysis, parametric design, and human behavior monitoring in similar 

contexts. Situations of higher pedestrian densities and cases of other types of public spaces have 

not been explored during the analysis. An improved methodology could be built by an intelligent 

linkage of analogous videos of adjacent areas. When validated on a more robust scale, this work 

has the potential to evolve toward the development of guidelines for pedestrian movement in linear 

enclosed spaces.  

  

Keywords: Pedestrian movement parameters, Group detection, Movement patterns; Trajectory 

prediction, Neural Networks, Agent-based simulation    
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The present study attempts to analyze the financial risk attitude and the influence of different 

factors on the financial risk attitude, access to credit, and performance of micro-entrepreneurs in 

the handloom industry of North East India. The study is based on primary data collected from 344 

respondents and confined to Arunachal Pradesh, Assam, and Meghalaya. Holt and Laury’s method 

of risk elicitation, Probit, Logit, and Mincerian earning regression models are used for analyses. 

Results show that education, access to credit, access to training, and individuals’ income play 

crucial roles in influencing the risk aversion of the microentrepreneurs. These determinants are 

found to have a more influence on lowering the risk aversion of the female micro-entrepreneurs 

compared to the male micro-entrepreneurs. The influence of gender, age, marital status, education, 

family size, family business background, and bookkeeping vary across the states on financial risk 

aversion attitude. The decomposition of gender differences in risk attitude shows that the increase 

in income and family size increase the likelihood of the male micro-entrepreneurs being risk 

lovers. In contrast, education, training, income, family size, marital status, and bookkeeping 

increase the likelihood of the female micro-entrepreneurs being risk lovers. A micro-

entrepreneur’s access to credit is positively and significantly influenced by education, firm size, 

bookkeeping, documentation, and market access. Gender, maintenance of bookkeeping, risk 

aversion attitude, firm size, access to technology, type of clothes, family labor, access to training, 

access to credit, and access to market significantly influence the volume of production and income 

levels in a handloom micro-enterprise. The study concludes that vocational education and training 

programs emphasizing risk vulnerability and coping strategies are essential for rural female micro-

entrepreneurs. Better dissemination of financial inclusion programs with a follow-up strategy, 

financial literacy, awareness of available bank products, and risk management are essential to 

improve the access to institutional credit of micro-entrepreneurs. Easy access to capital, subsidized 

raw materials like silk yarns and mechanized looms, training, and market accessibility for the 

handloom products are vital to improving the micro-entrepreneurs’ performance.  

 

 Keywords: Handloom industry; financial risk attitude; gender; access to credit; micro 

entrepreneurial performance. 
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The growing concern towards the environment and encouragement through government policies 

by different countries have increased the installation of large-scale electric power using the 

renewable energy resources like wind and solar energy. Indian Govt. has a plan to integrate 70 

GW of solar and 30 GW of wind energy by 2025. Due to the dependency on environmental 

conditions like wind velocity and solar irradiance, the nature of power generated by these 

generating units is stochastic in nature. The high-level penetration of these generating units into 

the existing ac network has shown the negative impact on the performance of existing grid by 

affecting the scheduling of conventional generating units, operation of transmission network and 

also affect the voltage and frequency stability margins of the ac grid. Besides this, the inertia of 

the grid reduces significantly with the increase of Renewable Power Generating Systems (RPGS) 

integration which is the main cause of concern for ramping up of RPGS installation.  

 

Thus, to improve the performance of renewable power dominated grids, different kinds of grid 

codes have been proposed by transmission system operators. Hence, various types of control 

techniques have been reported in the literature to improve the voltage regulation and frequency 

support at the Point of Common Coupling (PCC) of the RPGS. But this haven’t shown enough for 

the satisfactory operation of renewable power dominated grids. Thus, it has necessitated to use a 

reactive power compensating device like STATCOM and an energy storage system to provide 

voltage, frequency, and inertia support. In reality, it doesn’t require to support reactive and active 

power all times at the PCC of RPGS. Thus, a system which is having the ability to support active 

and reactive powers has been proposed in the literature. These kind of systems are termed as ‘E-

STATCOM’ (i.e., Energy storage + STATCOM). An E-STATCOM can be formed by connected 

a storage system at the dc-link of STATCOM. But there are certain challenges to form the E-

STATCOM like selection of appropriate power electronic converter and suitable storage system 

for providing the active power support. The conventional converter topologies like two or three 

level converters can be employed to form the E-STATCOM by integrating storage systems like 

battery and supercapacitor etc., at the dc-link. Here, the storage modules are connected in series to 

meet the required voltage level at the dc-link. These kind of configurations are vulnerable to 

reliability issues like failure or shutdown of any storage cell leads to complete outage of the storage 

system. The need of series connection of switching devices, larger foot-print due to passive filters, 

and higher losses are the other disadvantages of two/three level converters. Also, the conventional 

two/three level converters are not suitable for high voltage and high power applications. 

 

Hence this thesis proposes modular multilevel converter (MMC) based E-STATCOM topologies 

to provide both active and reactive power support to integrate the largescale RPGS. The MMC is 

a better topology in comparison to other multi-level configurations for high power and high voltage 
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applications. A new topology of E-STATCOM using half-bridge MMC with distributed Battery 

Energy Storage System (BESS) at the dc-link. Associated control techniques have been developed 

for the operation of this configuration with desired performance. Here the MMC is employed to 

support reactive power while the distributed storage system is used to support the required active 

power. The low voltage storage modules are distributed using the dc-dc converters which has the 

ability to transfer power in two directions i.e., from battery modules to MMC and vice-versa. Due 

to the use of BESS alone, this configuration may face difficulty for high power density 

applications. To overcome the aforesaid issue, a new configuration with Hybrid Storage System 

(HSS) (i.e., battery + ultracapacitor) using MMC has been proposed for E-STATCOM application. 

The use of HSS in MMC has made this configuration suitable for high-power as well as high 

energy density applications. For the integration of hybrid energy storage system with MMC, two 

different topologies have been proposed. In the first configuration, battery modules are connected 

at the submodules using the dc-dc converter while the ultracapacitor modules are distributed at the 

dc-link of MMC. To distribute the active power among the battery and ultracapacitor modules, a 

power management algorithm has been discussed in this work. Though the configuration has the 

ability to support both high-power and high-energy density applications, but it has more 

component count and large foot-print. To overcome these shortcomings, the second configuration 

is proposed where the HSS modules are distributed only at the dc-link of MMC. The proposed 

converters not only provide active/reactive power, but also supports various ancillary services that 

includes Low Voltage Ride through (LVRT) operation and others. Various power quality issues 

have also been addressed by providing adequate reactive power support, negative sequence 

compensation, and harmonic filtering. Different control algorithms, e.g. P-Q control, capacitor 

voltage balancing, circulating current control, reduced dc bus operation, current/voltage mode 

control, etc. have been developed to make the E-STATCOM operational. Apart from this, a new 

algorithm has been proposed to balance the State-of-Charge (SoC) of the distributed energy storage 

modules. Finally, a comparison is made among all the proposed configurations using the efficiency 

analysis. The proposed converters along with their control have been simulated in 

PSCAD/EMTDC and the results show satisfactory performance. 

 

 Key-words: Active power support, Hybrid energy storage system, Modular multilevel converter, 

Wind power integration 
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Creative economy has widely been identified as a growing economic sector, generating a host of 

economic and non-economic benefits. The same has driven research on cultural and creative 

industries (CCI), particularly, the phenomenon of their spatial clustering, which exploits the 

symbiotic interrelationship between place, culture, and economy. Despite such growing interest in 

the study of CCIs, creative economic research literature is heavily focused on examining 

technology-intensive creative industries concentrated in metropolitan centres of developed 

countries, and overlooks the labour-intensive traditional cultural or artisanal industries, which 

largely constitute the creative economic sector in developing countries. Having identified such 

gap, the present two-staged research has explored two dimensions of spatiality, i.e., spatial 

agglomeration of artisan units and co-location of artisan groups in a city-region of a developing 

country. The handloom industry of Varanasi – one of the oldest centres of textile production in 

India – has been considered as an empirical case.  

 

In the first stage, the degree of spatial agglomeration of handloom production units spread across 

the Varanasi District has been assessed based on secondary data collected from the Handloom 

Census, considering location quotient as a territory-specific indicator of spatial concentration. It 

has been followed by a two-part model to identify the key determinants of spatial agglomeration 

considering a set of demographic indicators, sourced from population census, and key proximity 

measures.  

 

In the second stage, a questionnaire-based primary survey was conducted, by drawing a sample of 

handloom weavers (N=424) from the clusters identified in stage 1, to collect data on several 

qualitative production-related attributes. Types of weaves and weaving techniques have been 

selected for classification of sampled weavers into six independent groups. Hierarchical and non-

hierarchical k-means cluster analyses have been conducted to identify four clusters of spatial units 

sharing similar degrees of specializations in different weaver-groups, thereby revealing their co-

location patterns.  

 

Results of the two-stage analysis have revealed that handloom units in Varanasi District were 

spatially agglomerated into five spatial clusters. High share of large households (size ≥ 6) and low 

literacy rate could partially explain the variability in the degree of spatial agglomeration of 

handloom units. Upon being classified by combinations of types of weaves and weaving 

techniques, weaver groups were identified to be co-located. Share of large households, degree of 

spatial concentration of contractual labor, and income could differentiate the co-located clusters. 

Superimposition of clusters identified in stages 1 and 2 has identified the varying degrees of 

heterogeneity in spatial patterns of handloom units belonging to different weaver groups or 
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‘schools of weaving’. Thereby, the research has revalidated that place, culture, and economy are 

symbiotically interrelated. It has also underscored the significance of recognizing the inherent 

spatial heterogeneity exhibited by distinct artisanal practices.  

 

Keywords: artisanal production, spatial agglomeration, co-location, handloom cluster, weaver 
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Artificial Intelligence (AI) promises improved care and patient outcomes through early detection, 

improvement in workflow, reduction in error, and cost in healthcare. The commercial use of AI in 

healthcare has been growing rapidly recently, and several AI based diagnostic tools for use by both 

medical practitioners and consumers/patients have come up. However, despite the promises and 

apparent benefits, the adoption has been slow, and failure rates have been high. Literature suggests 

that several unique concerns could impede the adoption in this context. Despite the importance, 

the academic research into the various issues related to adopting these tools has been sparse and 

fragmented. Based on the gaps identified in the literature, this research aims to conduct a 

comprehensive assessment of the factors (enabling and inhibiting) influencing the medical 

practitioners’ intentions to use AI-based intelligent clinical diagnostic decision support system 

(ICDDSS) (study 1) and investigate the determinants of consumers’ trust in AI-based Chatbots for 

Self-Diagnosis (AICSD) and the impact of trust on intention to use (study 2). A sequential mixed-

methods empirical design consisting of an exploratory qualitative stage followed by a confirmatory 

quantitative survey was used to address the objectives of study 1. Similarly, for study 2, a free 

simulation experimentbased research was conducted. The empirical results of study 1 revealed that 

initial trust in ICDDSS, performance expectancy and social influence are the key enablers of 

intentions to use, while resistance to change the main inhibitor. Further, inertia, perceived threat, 

performance risk, and medico-legal risk determine resistance to change. As per study 2, perceived 

anthropomorphism, information quality, perceived explainability, disposition to trust technology, 

and service quality predict consumers’ trust in AICSD. Trust, privacy risk, and health risk, in turn, 

determine intention to use. The study (study 1) contributes by providing a framework for 

understanding medical practitioners’ response to the change introduced by the ICDDSS in practice. 

It offers measures that can aid in managing user resistance and enhancing user adoption. Similarly, 

study 2 contributes by identifying and validating unique antecedents of consumer trust in AICSD. 

It also provides insights that can help developers and marketers formulate strategies to improve 

perceived trust/use of AICSD.  

 

Keywords: Artificial Intelligence, Intelligent clinical diagnostic decision support systems, Health 

Chatbot, Technology adoption, User resistance, Trust in Technology 
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The global shift from reusable to single-use plastics has resulted in a tremendous increase in plastic 

waste. Plastic waste comprises mainly polyethylene (PE) and polypropylene (PP). Physical, 

chemical, and mechanical factors cause fragmentation of the plastic waste into smaller 

microplastics (<5 mm in size). Microplastic (MPs) pollution is now ubiquitous in the environment 

and is a threat to ecosystems and human health. However, our understanding of the factors 

influencing the formation of microplastics under different environmental conditions is limited. The 

objective of this study was to evaluate the potential for recovering plastics from waste and factors 

affecting the formation and migration of microplastics in different environmental media by 

simulating natural conditions.  

  

The degradation behavior of LDPE and PP in four different media (air, DDW, potable, and saline 

water) was evaluated under continuous UV radiation. Plastics like LDPE and PP deteriorated 

completely in air within 90 and 30 days, respectively. These plastics did not deteriorate to any 

significant extent during the same period in aqueous environments. Therefore, plastics (LDPE and 

PP) retrieved from landfill sites are difficult to recycle unlike those recovered from aqueous 

environments.  

  

The release of microplastics from disposable paper cups into hot water was also studied. The 

interior of these paper cups is laminated with a thin hydrophobic film made of plastic 

(polyethylene) or its copolymer. When exposed to hot water (85-90 °C), this film deteriorates and 

releases MPs and ions like fluoride, chloride, sulphate, and nitrate into the water. Approximately 

25,000 micron-sized MP particles were released into 100 mL of hot water in 15 min.   

 

A soil column experiment was set up for 180 days under simulated rainfall conditions to assess the 

vertical migration of different types (PP, PE, PET) and sizes of MPs in porous media (sand). Only 

PE resulted in the formation of MPs that penetrated through the depth of the column and were 

detected in the effluent after 60 days. The ratio between the size of MPs and sand particles 

(dMP/dsand) determined the penetration depth of microplastics. MPs with dMP/dsand <0.11 

penetrated to a greater extent in sand media than larger-sized MPs. Structural deterioration and 

mechanical abrasion caused the larger-sized MPs to fragment into smaller sizes and continued to 

appear in the effluent water even at 180 days.  

  

Keywords: Strength; Salinity; Young's modulus; Microscopy; UV radiation; Degradation; ions; 

Heavy metals; Nile red; Microplastics; Wet-dry cycle; Porous media; Effluent water; Particle 

diameter; Thermal stability; Recovery potential   
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Rechargeable lithium ion batteries have emerged as the dominant energy storage source for 

consumer electronics, automotive and stationary applications because of their high energy density, 

high open circuit voltage, low cost with long cycle life. Also sodium ion batteries (SIBs) featuring 

similar electrochemistry to lithium ion batteries are emerging as a promising low-cost alternative 

for large scale storage applications due to their truly earth abundant resources. In commercial 

lithium ion batteries, the most common anode material is graphite with a theoretical specific 

capacity of 372 mAhg-1. However, due to low capacity and poor performance at higher specific 

currents, graphite cannot meet the requirement of high energy and high power batteries. Also the 

larger size of sodium ion rules out the use of graphite as anode in SIBs. Thus, developing high 

performance anodes following sustainable and economic approach is the key to address these 

issues. In spite of having high storage capacity, the rapid capacity fading caused by the large 

volumetric fluctuations during cycling remain as a major challenge for transition metal oxide 

anodes. Therefore, in pursuit of a simple and economical alternative to circumvent these 

drawbacks and to improve the electrochemical properties of such conversion type anode materials, 

electrophoretic deposition (EPD) technique can be a suitable approach. In this present work, we 

report the effectiveness of EPD technique to fabricate CuO-carbon black (CB) film as negative 

electrodes for lithium and sodiumion rechargeable cells. The obtained EPD films are found to be 

porous and strongly adherent to underlying current collector with a uniform distribution of CB and 

CuO. These films are observed to retain reversible specific capacities of 500 mAhg-1 at 0.5 Ag-1 

and 256 mAhg-1 at 0.1 Ag-1 after 100 cycles as Li- and Na-ion battery anode respectively. Here 

we report the facile sol-gel synthesis of perovskite NiTiO3 (NTO) and explored its potential as 

anode for Li- and Na- ion batteries through EPD. These electrodes sustain stable reversible specific 

capacities of 281 mAhg-1 and 131 mAhg-1 at a specific current rate of 50 mAg-1 against lithium 

and sodium respectively. The impact of making carbonaceous composites with NTO has also been 

studied in detail where multi-walled carbon nanotubes and graphene oxide have been used as 

carbon sources. The optimized samples exhibit enhanced electrochemical performance. For NTO-

CNT composite, the optimized electrode is able to deliver reversible capacities of ~417 & 177 

mAhg-1 against lithium and sodium respectively. On the other hand, NTO-GO electrodes deliver 

reversible specific capacities of 506 & 290 mAhg-1 against lithium and sodium because of the 

synergistic effects between CNT/GO and NTO nanoparticles. CNT and GO help in buffering the 

volume fluctuations by giving structural stability and enables good cycle life and rate performance. 

The improved electrochemical performance can be attributed to the porous microstructure, 

superior adherence property and uniform active material distribution of the EPD grown film. 

Therefore, this simple and cost effective fabrication process (EPD) is a suitable approach to 

fabricate conversion type anode materials with superior electrochemical properties.      
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Keywords: Electrophoretic deposition, Conversion anode, Copper oxide, NiTiO3, Lithium-ion 

cell, Sodium-ion cell. 
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Rising population coupled with robust economies has increased the reliance on plastic and non-

renewable fossil fuels, unreliable and unsustainable. Plastics, despite their numerous benefits, have 

always posed a problem of waste disposal pertaining to economic and technological constraints. 

Managing large amount of plastic waste made of film [esp., Low density polyethylene] and foam 

[esp., Polystyrene] in particular, have not been of preference to recyclers considering their higher 

processing costs and other economic viabilities, is becoming a serious concern for the growing 

civilisation and environment. These plastic wastes have enormous energy potential. On the other 

hand, the fourth largest source of energy in the world is biomass. Approximately three billion 

people rely on traditional, less efficient cooking stoves and firewood like raw biomass to meet 

their household energy demand. Along with being not an ideal energy carrier, biomass faces great 

barriers originating from its inherent bulkiness, fibrous, high moisture content, and low-energy-

density nature, leading to key issues including high transport cost, low calorific value and poor 

grindability for its direct utilization as a fuel. The inherent advantages of co-pyrolysis in recovering 

value added by-products from plastic waste and biomass makes it an economically and 

environmentally viable management technique. In the current research, the prospects of the char 

derived from the co-pyrolysis of Eucalyptus wood (EW) and plastic wastes (Waste Polystyrene 

(WPS), Waste Low density polyethylene (WLDPE)) as an energy source in indigenously designed 

forced draft cooking stove are explored. The study shown that energy dense char recovered from 

pyrolysis has enhanced physicochemical and thermal properties such as grindability, 

hydrophobicity, high heat value, and energy density compared to its raw feedstock, making it a 

superior solid fuel. Pyrolysis temperature and feedstock proportions were shown to have a 

substantial impact on the physicochemical and thermal properties of the chars. The inhibitory 

effect of the overlaying plastic coating resulted in chars with higher yield and calorific values, as 

well as lower fixed carbon contents and fuel ratios, at low pyrolysis temperatures. However, at 

temperatures above the degradation of plastics, the synergistic effect between the feeds during co-

pyrolysis has resulted in the formation of a dense, carbonaceous, and low volatile content with 

high fixed carbon content char suitable for application as household fuel. Lower O/C and H/C 

ratios in char imply a high degree of carbonization during the pyrolysis process, as well as low 

energy, water vapour, less smoke after combustion, and longer duration for overall combustion 

efficiency. For usage as a domestic fuel, the optimal parameters were determined to be 500⁰C and 

120 minutes for both types of char. The char was densified with molasses as a binder with 

proportion varying from 10% to 30%, to improve the energy density and make it easier to use, 

store, and transport. A considerable rise in pellet mass density with an increase in molasses 

concentration in of char can been attributed to the increase in energy density by 21.5% – 30.75% 

for both types of pellets. The thermogravimetric analysis showed that molasses pellets burned and 

combusted more easily in a moderate process, and that adding molasses binder (30%) during 
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pelletization is an effective technique to use char as solid fuel. The pellets were assessed as solid 

fuel in an indigenously designed forced draft cooking stove. The closed combustion unit of the 

forced draft cooking stove consists of a fuel tray which is attached with a perforated movable plate, 

that can be adjusted according to the fuel requirement. A forced draft fan of 12VDC is also attached 

at a right angle to the fuel tray at lower backside portion of the combustion unit for additional air 

supply. As a result, fuel generates a consistent combustible mixture with air input and offers clean 

combustion, resulting in increased efficiency. The performance of a forced draft cooking stove 

using both the types of pellets as solid fuel was evaluated using the Water Boiling Test (WBT). 

The thermal efficiency of the forced draft cooking stove ranged from 43.6 to 51.8% for WLDPE–

EW pellets, and 41.7 to 50.2% for WPS–EW pellets at different phases of analysis. On both cold 

and hot starts, WLDPE–EW pellets had the quickest boiling times of 15.3 minutes and 13.2 

minutes, respectively. The indoor air pollution was relatively much lower than other improved 

cooking stoves using biomass as fuel. In the current pyrolysis setup, the cost of producing 

WLDPE-EW and WPS-EW char was found to be ₹99.46 and ₹110.57 per kg, respectively. If the 

other by-products are recovered, the price of WLDPE–EW and WPS–EW char can be lowered by 

70.81% and 66.51%, respectively, resulting in a cost benefit of 41.77% and 40.93% in pellet 

pricing. Moreover, the cooking expenses per person per day to use WLDPE–EW and WPS–EW 

pellets as fuel can be reduced by 42.52% and 40.21% respectively if the by-products are valorised. 

However, a potential switch from biomass combustion to electricity for pyrolysis process energy 

demands and the recovery of bio-oil and syngas can significantly increase the environmental and 

economic efficacy of the entire char production, densification and use as a solid fuel in 

indigenously designed forced draft cooking stove process. So, the recovery of char from co-

pyrolysis and its application as a solid fuel in cooking stove could be sustainable techniques of 

plastic waste management, while solving the challenges associated with household energy 

constraints.  

 

Keywords: Co-pyrolysis, Plastic waste, Char, Densification, Solid fuel, and Forced draft cooking 

stove. 
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Vehicular networks are essentially communication networks in which each vehi- cle equipped with 

a radio interface communicates with other vehicles or network infrastructure nodes, e.g., Road 

Side Units (RSUs) and Base Stations (BS), and thereby support a wide range of practical 

applications, such as safe and controlled driving, traffic monitoring, autonomous or assisted 

driving, etc. Service provi- sioning for such applications is extremely challenging due to vehicular 

movements causing drastic network topology and communication quality changes. However, the 

envisioned vehicular applications are multifarious that require diverse service provisioning. In 

order to support these applications, it is necessary to design appropriate solutions. 

 

In this thesis, we strive for improved service provisioning in next-generation ve- hicular networks. 

We first propose a novel unicast vehicle-to-vehicle (V2V) routing based on Fuzzy Logic that 

consolidates competing cross-layer and positional in- formation to make enhanced routing 

decisions. Such unicast routing is critical for a few vehicular applications, e.g., responding to 

requests but ineffective when the goal is fast dissemination of information to all nearby vehicles. 

Therefore, we next propose an efficient message dissemination scheme based on V2V 

communication. To this end, each vehicular node gathers its two-hop neighborhood information 

to identify the designated nodes responsible for the dissemination process. 

 

Recognizing that only V2V communication cannot support the service require- ments of next-

generation vehicular applications, we next focused on infrastructure- assisted vehicular networks, 

with a particular emphasis on efficient network in-frastructure planning. We used long-term 

vehicular traffic distribution to address cost-efficient edge node placement under a budget 

constraint. Additionally, we proposed a cost-effective deployment of millimeter wave-enabled 

RSUs (mmRSUs) in a smart city under a budget constraint. By leveraging real-world vehicular 

traf- fic, we validated the effectiveness of the proposed solutions. We also recognized that simply 

placing network infrastructure nodes is inadequate, but these need to be connected among 

themselves. Thus, we defined a cost-efficient network infras- tructure design problem in an urban 

vehicular context and proposed a solution by employing an appropriate heuristic technique to 

provide critical insights.  

 

Upon dealing with real-world vehicular data, we realized that vehicular traffic typically follows a 

pattern that may be exploited to improve the overall system performance. For example, the 

mmRSUs need not be ON all the time; instead, these can be intelligently switched ON/OFF based 

on the current traffic condi- tions. We formulated two optimizations to address these - first, to 

minimize the energy consumption of the mmRSUs, and second, to maximize the system utility. 

We proposed a heuristic and a Deep Q-Learning-based solution, respectively. The cost-efficient 

network infrastructure design and mmRSU management are critically important to improve overall 

system performance. Nevertheless, such solutions are inadequate to support the diverse vehicular 
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applications in real time. The network infrastructure nodes need to dynamically allocate and 

manage their resources for service provisioning of the vehicular nodes. Hence, in the final chapter, 

we ex- amined intelligent resource management in Multi-access Edge Computing (MEC) assisted 

vehicular networks for offloading prioritized tasks. We formulated a re- source optimization 

problem to maximize the system utility and offered a solution based on the Deep Reinforcement 

Learning technique. 

 

Keywords: Vehicular Networks, Improved Service Provisioning, Routing, Message 

Dissemination, Network Infrastructure Design, Intelligent Resource Man-agement.  
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The perpetual growth of the global energy demand not only poses a threat to the scarcity of energy 

but also increases greenhouse gas emissions which has a serious environmental impact. 

Information and Communications Technology (ICT) and Internet are one of the major sources of 

global energy consumption. The exponential growth of Internet users further increases Internet 

energy consumption. The access network is responsible for consuming 80-90% of overall Internet 

power consumption. Thus, research on energy-efficient Internet network design is predominantly 

targeted from the perspective of the access network. The Ethernet Passive Optical Network 

(EPON), one of the most widely used and adopted access technologies, has made protocol design 

for energy efficient EPON a prominent research area. An EPON architecture comprises an Optical 

Line Terminal (OLT), multiple Optical Network Units (ONUs), and Remote Nodes (RNs). The 

OLT and ONUs being the active components of EPON, saving energy is targeted from the 

perspective of the OLT and ONUs. In case of Time Divi sion Multiplexed EPON (TDM-EPON), 

ONUs are responsible for 60-70% of overall EPON power consumption. Moreover, due to the 

presence of a single wavelength in TDM-EPON, switching of that wavelength is not possible as 

control messages are needed to be transmitted. Therefore, in TDM-EPON, energy efficiency is 

achieved only at ONUs by employing a Low Power Mode (LPM). The protocol for employing 

LPM at ONU can be managed either by the OLT or by ONUs, based on which these protocols are 

classified as ONU-assisted and OLT-assisted. In case of TWDM-EPON, due to the presence of 

multiple wavelengths, at low load, data transmission can be performed using fewer wavelengths, 

while other wavelengths are switched of to achieve energy efficiency. Thus, in TWDM-EPON, 

energy efficiency can be achieved at the OLT along with ONUs. Protocols for energy-efficient 

TDM-EPON can be applied to TWDM-EPON with some minor modifications. Thus, this thesis 

focuses on achieving energy efficiency at ONUs in TDM-EPON and at the OLT in TWDM-EPON. 

The first two works of the thesis target saving energy at ONUs in TDM-EPON, while the 

remaining two works are on achieving energy efficiency in TWDM-EPON.   

In the first work, our focus is on designing an ONU-assisted protocol for saving energy at ONU in 

TDM-EPON. Firstly, a mechanism for employing doze mode during the entire period of other 

ONUs' up-stream (US) trans- mission is proposed. Thereafter, an ONU-assisted protocol is 

proposed. In the suggested strategy, an ONU first predicts the length of its LPM and then chooses 

the best LPM based on this prediction duration. The above mentioned doze mode implementation 
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technique is used during the active phase. Finally, we mathematically analyze the energy efficiency 

figure of the proposed ONU-assisted protocol with the help of a Markov model. The traffic 

prediction process is involved in the proposed protocol, which In the first work, our focus is on 

designing an ONU-assisted protocol for saving energy at ONU in TDM-EPON. Firstly, a 

mechanism for employing doze mode during the entire period of other ONUs' up-stream (US) 

trans-mission is proposed. Thereafter, an ONU-assisted protocol is proposed. In the suggested 

strategy, an ONU first predicts the length of its LPM and then chooses the best LPM based on this 

prediction duration. The above mentioned doze mode implementation technique is used during the 

active phase. Finally, we mathematically analyze the energy efficiency figure of the proposed 

ONU-assisted protocol with the help of a Markov model. The traffic prediction process is involved 

in the proposed protocol, which infringes the memoryless property making the analysis a hard 

problem. Some realistic assumptions along with an intelligent selection of discrete observation 

points and state descriptions aid to eliminate the dependency on the past and allow formulating a 

Discrete-Time Markov Chain (DTMC) of the proposed protocol.  

In the second contribution, an OLT-assisted protocol for saving energy at ONUs in TDM-EPON 

is proposed, where the duration of LPM of all ONUs is decided such that the minimum number of 

ONUs wake-up from LPM in a polling cycle. Note that in every cycle, the minimum number of 

ONUs wakes up from LPM, which implies that the ONUs that are to be awakened within the 

polling cycles are fairly distributed. To do so, an optimization problem is formulated which 

distributes the ONUs that are to be awakened fairly among the polling cycles while satisfying the 

SLA requirements of both US and downstream (DS) traffic. A polynomial times 1-approximation 

algorithm is proposed, for solving the optimization problem. Moreover, in this work, a method to 

allow the OLT to force ONUs to wake-up from sleep mode is proposed, which provides additional 

energy savings. This method requires modification of EPON architecture which is also explained. 

The third work focuses on achieving energy efficiency at the OLT receivers in TWDM-EPON. In 

this work, a novel methodology for an energy- efficient OLT receiver is presented by departing 

from the traditional approach of minimizing the number of active wavelengths to achieve energy 

efficiency. In this approach, all wavelengths are utilized for scheduling, and energy efficiency is 

achieved by switching o_ OLT receivers within all potential voids (idle times between two 

consecutive transmission windows). Thus, the number of voids is minimized to maximize energy 

efficiency, which requires clubbing several smaller voids to form a longer void. With this 

objective, in this work, a novel online scheduling protocol is proposed. Further, an upper bound 

on energy fficiency that can be achieved from OLT receivers is derived to demonstrate the 

deviation of the energy efficiency figure of the proposed protocol from the theoretical upper bound. 

By employing the same methodology of minimizing the number of voids, finally a heuristic 

algorithm to save energy at the OLT transmitters in TWDM-EPON is proposed. Moreover, with 

the help of a suitable Discrete Time Markov Chain (DTMC) model, a theoretical lower bound of 

the probability of delay bound violation of the downstream traffic is derived. 

Keywords: EPON, Optical network, TDM, TWDM, MAC, access network, DTMC, Low power 

mode, ONU-assisted, OLT-assisted. 
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The need for decarbonization has propelled the development of sustainable electric power systems 

with renewable and dispatchable distributed generators, energy storage systems, as well as demand 

response programs to promote consumer participation. The utilization of sustainable energy is 

facilitated by the deployment of independently controllable functional entities termed microgrids. 

The present thesis addresses the concerns associated with opti-mal planning and energy 

management in distribution systems and AC microgrids. 

 

Network reconfiguration has been considered to be one of the classical methods of im-proving the 

performance of distribution systems from multiple perspectives. The present thesis harnesses static 

and dynamic reconfiguration with optimally-allocated distributed en-ergy resources to implement 

planning and energy management in distribution systems. Peak demand curtailment by battery 

energy storage systems and distributed generators prolongs the infrastructure utilization, thereby 

deferring the need for feeder and substation upgrades. The deferral of the reinforcement of the 

relevant network assets enables the procurement of a substantial monetary benefit for the utility, 

which is modulated by the optimal allocation of batteries and distributed generators. 

 

The present dissertation formulates stochastic, multi-objective, integrated sizing-scheduling 

models for distributed energy resources in AC microgrids. The multi-objective long-term re- 

source sizing optimization is implemented using grey wolf optimizer in the fuzzy domain. The 

objectives are the minimization of the annual expenses, emissions, and energy loss, as well as the 

maximization of the annual monetary benefit due to the deferral of network upgrades. The 

microgrid planning models developed in this thesis are hinged on probabilistic power flow 

solutions, which incorporate the probabilistic modelling of the uncertainties in renew-able power 

and load. Optimal hourly energy management strategies, based on price-based demand response 

programs, are designed for single and multiple interconnected grid-tied microgrids. Optimal power 

trade with the utility, as well as among interconnected micro-grids, is regulated by price-based 

demand response. Optimal power dispatch is achieved in a droop-regulated islanded microgrid by 

optimizing the droop coefficients of the dispatchable distributed generators. 

 

Keywords: Reconfiguration, distributed energy resources, battery energy storage sys-tem, 

upgrade deferral, droop-regulated islanded microgrid, multiple interconnected grid-tied 

microgrids, uncertainty, probabilistic power flow, multi-objective optimization, demand re- 

sponse, grey wolf optimizer.  
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The primary concern for the transportation sector is environmental deterioration and fuel crisis. 

Alternative fuels have the potential to address these concerns. Com- pressed natural gas (CNG) 

has appeared as an appropriate alternative to gasoline and can overcome the challenges due to its 

higher hydrogen to carbon ratio, octane num- ber, and heating value. Most automotive engines 

work in bi-fuel mode, which allows the engine to run on both gasoline and compressed natural 

gas. However, the higher compression ratio (CR) is not completely exploited in CNG mode due to 

engine design limits. When CNG is injected into a gasoline engine’s port, it displaces a significant 

amount of air, lowering the engine’s volumetric efficiency. Thus, a higher compression ratio and 

a method to increase the volumetric efficiency of the CNG engine are needs of the hour. The 

experimental work is time-consuming and tedious to perform. Thus, a cutting-edge machine 

learning model that leverages engine input data to predict output results would be quite valuable.  

 

The CR of the engine was varied in the current study to investigate the maximum CR and 

corresponding engine operating regime for port fuel injection (PFI) gasoline and PFI CNG engine. 

The knock parameter was used as the criterion for CR optimization. The injection timing in terms 

of end of injection (EOI) was varied to study the impact of injection timing on volumetric 

efficiency and power output for the PFI gasoline and PFI CNG engine. A direct injection technique 

(DICNG) was adopted, in which CNG is de- livered directly into the combustion chamber to 

evaluate the improvement in volumetric efficiency and power output. The effect of EOI time was 

quantitatively investigated to determine the optimum EOI timing for more turbulence and a better 

air-fuel combina- tion for combustion. Three machine learning models (Artificial neural network, 

Support vector machine, and Regression analysis) were employed and optimized to determine the 

best-suited model for engine output predictions. A lower Root Mean Square Error (RMSE) and 

higher coefficient of determination (R2) between training and testing data were used for the best-

suited model selection.  

 

The PFI gasoline engine showed higher indicated thermal efficiency (ITE) when EOI timing was 

set after the start of the intake stroke. The performance of PFI CNG im- proved when EOI timing 

was set towards the late intake stroke. The gasoline engine exhibits a higher knock peak at CR 12 

and IMEP 6.5 bar. In contrast, CNG fuelled engine could operate up to CR 16 without knocking. 

A comparison of engine perfor- mance, combustion, and emissions were carried out at CR 12 for 

various engine loads and speeds for PFI gasoline and PFI CNG engine. The ITE of the PFI CNG 

engine was 4 to 5% higher than that of the PFI gasoline engine. PFI CNG engines also have lower 
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emissions and burning velocity than PFI gasoline engines. The PFI CNG engine’s thermal 

efficiency increased to 35.86% at CR 16. After evaluating the three machine learning models for 

performance predictions of the PFI CNG engine. The artificial neu- ral network model was found 

appropriate with a coefficient of determination of 0.91 compared to polynomial regression and 

support vector machine models. The direct in- jection of CNG towards the end of the suction stroke 

and the start of the compression stroke increased the volumetric efficiency and turbulence in the 

combustion chamber. The optimum EOI timing advanced with increased throttle position and 

engine speed. A COVIMEP below 3% was observed for DI CNG. The DICNG engine showed 

higher thermal efficiency of 2% than the PFI CNG engine. The DICNG engine showed higher 

thermal efficiency of 2% than the PFI CNG engine. The lean-burn and stoichiometric operations 

with the DICNG engine were further investigated at higher CRs of 12 and 16.  An excess air ratio 

of 1.3 and 1.4 could be achieved at CR 12 and 16, respectively, with a higher ITE over the 

stoichiometric operation. The thesis also uses numerical simulations to evaluate flame speed 

characteristics under full load operations. The numerical study enhances the background 

hypothesis of the experiments conducted for PFI gasoline, PFI CNG, and DI CNG engines. 

 

Keywords: PFI Gasoline, PFI CNG, DI CNG, Variable CR  
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Plug-in Hybrid Electric Vehicles (PHEVs) can help decarbonize road transport in urban India. To 

accelerate the diffusion of PHEVs, investigation of consumer preferences towards the attributes of 

PHEVs is necessary. Therefore, the broad objective of the present work is to investigate i) 

consumer preference towards Plug-in Hybrid Electric Vehicle (PHEV) in the Indian scenario in 

terms of their a) perception towards PHEV-related attributes, b) perceived benefit due to 

improvement in these attributes and c) potential demand shift from conventional vehicle (CV) to 

PHEV due to improvement in these attributes, and ii) use the derived knowledge to formulate 

suitable policy interventions to increase the attractiveness/penetration of PHEVs in the Indian 

market. The car-owning population, i.e., the current owners of conventional four-wheelers/CVs 

are considered consumers of PHEVs, and the work is demonstrated with reference to consumers 

in two Indian megacities, namely Delhi and Kolkata.   

 

The present work is divided into three major components. In the first component, using a fairly 

exhaustive list of 22 attributes influencing PHEV choice, a seven-point Likert-type ordinal scale 

rating survey instrument was designed to collect importance rating of PHEV- related attributes, 

and satisfaction rating for attribute performance of vehicle owned by the respondents in Delhi and 

Kolkata. First, the importance rating data were analyzed using Exploratory Factor Analysis (EFA) 

to identify the latent factors influencing PHEV choice in two cities. Further, to select the most 

important attributes from each latent factor, two Multiple Attribute Decision Making (MADM) 

techniques, namely RIDIT analysis and Grey Relation Analysis (GRA) were used. Thereafter, 

Revised Importance-performance Analysis (Revised IPA) was used to identify the priority areas 

of improvement in CVs by analyzing consumers’ importance and satisfaction rating for related 

attributes. Finally, by combining the findings from EFA and MADM techniques, and Revised IPA, 

priority attributes were identified. The results reveal that purchase price, fuel cost, safety, security, 

air conditioning, appearance/style, public charging infrastructure, charging time, battery warranty, 

electric range, emission, Advance Vehicle Technology (AVT) option, and gadgets are the priority 

attributes influencing the choice of PHEVs in the Indian context.   

 

In the second component, a Stated Preference (SP) survey instrument was designed using a key 

set of priority attributes, namely purchase price, fuel cost, AVT option, electric range, public 

charging infrastructure, charging time, battery warranty, and emission to collect choice responses 

from the consumers in Delhi and Kolkata for travel behavior analysis. The data collected were 

analyzed in two stages. In Stage-I analysis, Multinomial Logit (MNL) and Mixed Logit (ML) 

model were developed for the total sample to estimate consumers’ perceived benefit towards 
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PHEV-related attributes in terms of willingness to pay (WTP) values. Additionally, ML models 

considering heterogeneity around the mean estimates of random parameters were developed to 

investigate the impact of socio-demographic, socio- psychological, and trip-related characteristics 

on consumers’ WTP for improvement in PHEV attributes. In Stage-II analysis, MNL and ML 

models were developed for the total sample to estimate potential demand shifts from CV to PHEV 

by developing demand models. The results indicate the need for an added emphasis on PHEV-

specific attributes such as charging time and battery warranty and attribute for general vehicle use 

such as AVT option by vehicle manufacturers to make PHEV attractive to consumers in Indian 

megacities. Consumers’ income, car ownership, availability of home-based parking facility, 

education, environmental concern, and average daily trip length (journey to work) are found to 

significantly influence their WTP for improvement in PHEV-related attributes.  

 

In the third component, the demand models developed for Delhi and Kolkata were used for the 

evaluation of alternative PHEV specifications/models for policy intervention through (i) scenario 

analysis and (ii) impact assessment of likely penetration on vehicular emission. The five-best 

alternative PHEV specifications/models that would attract consumers to choose PHEV in Delhi 

and Kolkata are identified through scenario analysis. Also, the scenario analysis reveals that the 

relative importance of subsidizing the purchase price is higher than providing public charging 

facility for promoting PHEVs in the Indian market. High purchase price is identified as the major 

bottleneck for the penetration of PHEVs. Policy interventions from the government in terms of 

higher subsidy are necessary to increase the market penetration of PHEVs and for subsequent 

reduction in gasoline consumption and CO2 emission from the passenger car segment in the Indian 

megacities.  

 

Overall, the present work demonstrates a comprehensive approach for investigating consumer 

preference towards PHEVs in the context of Indian megacities. The approach could be applied in 

the megacities of other developed and developing countries for deriving suitable policy 

interventions by vehicle manufacturers and the government to promote the market penetration of 

electric vehicles. 

 

Keywords: Plug-in Hybrid Electric Vehicle; Exploratory Factor Analysis (EFA); RIDIT; GRA; 

Revised Importance-performance Analysis (Revised IPA); Stated Preference (SP); Willingness to 

Pay (WTP); Multinomial Logit-MNL; Mixed Logit-ML; Demand Model  
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Let D be a weighted oriented graph with the underlying graph G and I(D), I(G) be the edge ideals 

corresponding to D and G, respectively. We set V+(D) to be the set of vertices of D with non-

trivial weights. We show that the regularity of edge ideal of a certain class of weighted oriented 

graph remains same even after adding certain kind of new edges to it. We also establish the 

relationship between the regularity of edge ideal of weighted oriented path and cycle with the 

regularity of edge ideal of their underlying graph when vertices of V+(D) are sinks. Under the 

assumption “vertices of V+(D) are sinks”, we give an explicit description of the symbolic powers 

of I(D) using the concept of strong vertex covers and, we show that the ordinary and symbolic 

powers of I(D) and I(G) behave in a similar way. For D to be a weighted oriented odd cycle and 

vertices of V+(D) are sinks, we compute reg (I(D)(s)/I(D)s) and prove reg I(D)(s)≤regI(D)s, and 

show that equality holds when V+(D) contains only one vertex.  

 

If D contains an induced odd cycle of length 2n+1, under certain condition, we show that 

I(D)(n+1)≠I(D)n+1. We give necessary and sufficient condition for the equality of ordinary and 

symbolic powers of edge ideals of weighted oriented graphs having each edge in some induced 

odd cycle of it. We characterize the weighted naturally oriented unicycle graphs with unique odd 

cycles and weighted naturally oriented even cycles for the equality of ordinary and symbolic 

powers of their edge ideals. Let D′ be the weighted oriented graph obtained from D after replacing 

the weights of vertices with non-trivial weights which are sinks, by trivial weights. We show that 

the symbolic powers of I(D) and I(D′) behave in a similar way. Finally, if D is any weighted 

oriented star graph, we prove that I(D)(s)=I(D)s for all s≥2.We provide one method to find all the 

minimal generators of I⊆C, where C is a maximal strong vertex cover of D and I⊆C is the inter 

sections of irreducible ideals associated to the strong vertex covers contained in C. If D′ is an 

induced digraph of D, under certain condition on the strong vertex covers, we show that 

I(D′)(s)≠I(D′)s for some s≥2 implies I(D)(s)≠I(D)s. We characterize all the maximal strong vertex 

covers of D such that at most one edge is oriented into each of its vertex and w(x)≥2 when deg 

D(x)≥2 for all x∈V(D). If D is a weighted rooted tree with degree of root is 1 and w(x)≥2 when deg 

D(x)≥2 for all x∈V(D), we prove that I(D)(s)=I(D)s for all s≥2.  

 

We introduce the concept of minimum edge cover for an induced sub graph in a graph. Let G be a 

unicyclic graph with a unique odd cycle and I=I(G) be its edge ideal. We compute the exact values 

of all symbolic defects of I using the concept of minimum edge cover for an induced sub graph in 

a graph. We describe one method to find the quasi-polynomial associated with the symbolic defects 

of edge ideal I. 
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The present dissertation explores the effect of non-idealities on the interfacial processes in a solid 

oxide fuel cell and Li-ion battery. Broadly, cation interdiffusion in a SOFC and diffusion-induced 

stresses in the solid electrolyte interphase layer (SEI) in a Li-ion battery are investigated. Two 

important non-idealities namely, the finite size of ions and the temperature difference across the 

interface are considered during cation interdiffusion in SOFC. Similarly, in the Li-ion battery, the 

effect of the heterogeneity of the SEI layer and cell temperature on diffusion induced stresses in a 

silicon anode particle is considered. In the first problem, the effects of the finite size of ions (the 

most often-used idealization being that ions are treated as point charges) on cation interdiffusion 

across the electrode-solid electrolyte interface are studied using a detailed mathematical model. A 

phase-field model is used to couple the properties of the electrode and electrolyte, appropriately 

accounting for the diffusivity matrices, lattice constants, tracer diffusion coefficients of the solid 

electrode (strontium-doped lanthanum manganite (LSM)) and the solid electrolyte (yttria-

stabilized zirconia (YSZ)) and so on. The finite size of the ions is taken into account through a 

modification of the chemical potential of the ions. The consideration of this non-ideality has a 

major effect on the interdiffusion length (IL) of the cations and electric potential at the electrode-

end away from the interface. In the second problem, the combined effect of the temperature 

difference across the interface and the finite size of ions is studied on cation interdiffusion. Two 

criteria are suggested: one for the selection of the proper domain length to perform simulations, 

and the other for the determination of the IL for each cation. The diffusive flux of ions is derived 

based on the formalism of irreversible thermodynamics. The temperature of one phase (LSM) is 

kept constant while that of the other phase (YSZ) is varied to obtain a larger temperature difference 

across the interface. The effect of the temperature difference across the interface and the finite size 

of ions on cation interdiffusion is investigated both in a combined way and separately after 

implementing both criteria. The difference in the ILs and the electrical potentials at the electrode 

end (with and without considering these effects: the temperature difference across the interface 

and the finite size of ions) are deduced. In the third problem, a systematic procedure is proposed 

to determine the model parameters (gradient energy coefficient and height of double-well 

potential) for the phase-field method which is used to study cation interdiffusion in the first two 

problems. The model is adapted from solidification studies and is based on two important limits: 

sharp and thin interface limits. The phase-field model parameters are determined under both the 

interface limits. The maximum interface thickness is determined based on the thin interface limit. 

Further, a variation of the interfacial energy is also performed to determine its effect on cation 

interdiffusion. The reason behind the nature of variation of IL is explored under the thin interface 

limit for various values of interfacial energy. In the fourth problem, the effect of heterogeneity of 
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the SEI layer along with the cell/battery temperature on the chemo-mechanical stresses in a silicon 

anode particle during lithiation/delithiation is investigated. The effect of temperature on the radial 

and hoop stresses in the particle without the SEI layer is also presented. Further, the radial and 

hoop stresses obtained for the heterogeneous SEI layer are compared with those of the 

homogeneous SEI layer to demonstrate the importance of the heterogeneity of the SEI layer. Two 

major influences on peak hoop stress generated in the SEI layer are studied: first, the influence of 

the thickness of the SEI layer relative to the particle size; and, second the influence of the material 

properties – in particular, the relative magnitudes of the elastic moduli of the inorganic to the 

organic portion of the SEI layer also the Poisson’s ratio of the SEI layer and the silicon particle. 

The effect of the cell temperature along with the aforementioned parameters is also investigated 

on the peak hoop stress in the SEI layer. The effect of the cell temperature is discussed in terms of 

the differences in the stresses obtained with and without temperature variation. It is expected that 

the present work will provide an initial base to investigate the effect of the non-idealities on the 

interfacial processes in the SOFC and Li-ion battery, and contribute, more generally, to future 

investigations of other electrode-electrolyte combinations. Further, it is expected that the 

heterogeneity of the SEI layer studied here may contribute to the improved estimation of failure 

criterion of this layer under different modes such as fracture, delamination, and debonding, and 

will ultimately help in the development of robust and stable artificial SEI layers/functional gradient 

layers to increase the life and performance of the Li-ion batteries. 
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Network-on-Chip is seen as a solution for addressing the limitation of the bus-based 

communication in Multiprocessor System-on-Chip (MPSoC) based embedded system design. An 

important design challenge in such systems is the application mapping problem. In the systems 

designed for executing real-time services, in addition to the correctness of functionalities, 

timeliness becomes an important factor. Violation of timing requirements can result in 

performance degradation or even system failure causing severe consequences to human life. In 

addition to task mapping techniques considering real-time constraints, priority ordering of flows 

is as important as the mapping itself, when the interference patterns are considered. In the thesis, 

NoC design space has been explored with both static and dynamic application mapping techniques. 

The work also addresses the priority assignment problem, in case of static and dynamic mapping. 

A Heuristic Driven Genetic Algorithm (HDGA) has been developed for priority assignment 

problems. It has been further extended by proposing a unified technique for simultaneous 

optimization of task mapping and priority assignment (eHDGA). eHDGA algorithm has been 

validated on two real time industrial applications of autonomous vehicle and avionics computer. 

The research work has addressed the dynamic mapping using Deadline and Energy-Aware 

dynamic task Mapping and Scheduling (DEAMS) algorithm with priority assignment by graph 

based approach. In addition to the topological mapping of tasks on the cores and priority of 

communication flows, the communication flow latency and schedulability also depends on the 

flow routes. Most studies on wormhole-switched priority preemptive NoC assume deterministic 

XY routing. The research work explores the effects of having nondeterministic minimal routing 

on schedulability. Another work deals with mapping of applications from a security perspective. 

It finds out possible convex shapes (rectangle or square) of mapping for each application and 

places the mapped shapes of different applications dynamically on a NoC fabric to prevent side 

channels by ensuring spatial isolation.  

Keywords: Network-on-Chip; Real-Time systems; Flow priority assignment; Genetic Algorithm; 

Task Mapping; Schedulability; Worst-case Latency; Worst-case schedulability analysis; Heuristic 

driven; Static Application Mapping; Dynamic Application Mapping; Minimal routing; Particle 

Swarm Optimisation, Security critical Mapping; mission and safety critical applications; avionics; 

automotive. 
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Catalyst is an indispensable component of most chemical reactions and catalysis has gained 

considerable attention for academic research as well as industrial applications in recent years. 

Nanoparticles can be used as ‘quasi-homogeneous’ catalysts, which bridge the gap between 

homogeneous and heterogeneous catalysts. Despite several advantages, agglomeration is the major 

drawback of using nanoparticles. Amphiphilic smart polymers as capping agents play a vital role 

in preventing nanoparticle agglomeration. In this dissertation, different amphiphilic smart 

polymers were synthesized by RAFT polymerization method and used as a stabilizing agent on 

nanoparticles' surfaces. The catalytic performance of these polymer-stabilized nanoparticles was 

explored in reduction and oxidation reactions in various conditions. A set of amphiphilic random 

polymers P[NVP-r-NVP butane] was synthesized and used as a stabilizer for gold nanoparticles. 

The catalytic efficiency of these polymer-stabilized nanoparticles was analyzed in terms of their 

hydrophilic and hydrophobic properties. The temperature-induced phase behavior of polymers can 

be utilized in the recovery of the catalysts. Three amphiphilic poly[(NIPA)-b-(styrene-r-vinyl 

pyridine)] copolymers having different chain length was used to cap gold nanoparticles and gold 

nanorods and the catalytic efficiency of these polymer-GNP conjugates was evaluated for the 

reduction reaction in water. Thermo-sensitive conformational changes of these block copolymers 

in aqueous medium renders non-Arrhenius type temperature-dependent catalytic efficiency due to 

change in accessibility of GNP surface. The catalytic efficiency of GNPs was also influenced by 

the length of the coated polymers, shape of the gold nanoparticles and presence of salt or surfactant 

in the solution, which was also attributed to the altered accessibility of the reactants to the catalyst 

surface. Nearly no loss of catalytic activity and initial rate constant on recycling confirmed the 

stability of the polymer coating. Various composition of pH switchable cationic block copolymers, 

P[NVP-b-DMAEMA], were synthesized with varying number of DMAEMA units. The size and 

shape of the synthesized gold nanoparticles were found to depend on the chain length of the 

polymers and the pH of the medium. Polymer chain length, pH, and temperature influenced the 

catalytic efficiency of the polymer stabilized gold nanoparticles in the reduction reaction. 

Currently, green chemistry is gaining immense popularity in catalysis since it reduces the use of 

organic solvents and acids, harsh reaction conditions, etc. Smart polymers can be used to graft on 

non-noble metal oxide nanoparticles to make them useful catalysts. P[NIPA-r-NVP)-b-AA] was 

synthesized and used as a grafting agent on magnetic iron oxide nanoparticle surface. The polymer 

functionalized magnetic nanoparticles can be used as a potent, green catalyst in the styrene 

oxidation reaction. It is possible to conduct the reaction in an aqueous medium and at lower 

temperatures. The catalysts didn't leach in the reaction medium and were easily recycled and 

reused.  
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Dimethyl aminoethyl methacrylate; gold nanoparticles; gold nanorods; Magnetic nanoparticles; 

Cloud point; 4-Nitrophenol reduction, Styrene oxidation 
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The need for a faster cellular network has led to new wireless technologies every decade. The 

wireless cellular has evolved from analog systems to OFDM-based MIMO systems. The impetus 

is to provide higher data rates with minimum latency. To achieve this objective wireless engineers 

have proposed using massive MIMO and millimeter-wave. Vast chunks of bandwidth are available 

between 30-300 GHz bands. This band comes with several challenges. Due to significant 

propagation loss, the cellular size is limited. The use of a large number of RF chains is cost 

preventive. Using cheap hardware is an alternative. However, they introduce distortions in the 

signal and cause a degradation in system performance. The use of sparse arrays as an alternative 

to dense arrays has not been explored much in the context of cellular communication. Moreover, 

as many antenna elements are packed closely, the mutual coupling effect becomes a predominant 

issue. In tropical regions, rainfall is a common phenomenon. It has been shown that the effect of 

rainfall scattering of mmWave is not always detrimental to the system performance. On the other 

hand, recently, intelligent surfaces have been demonstrated to control the propagation 

environment. Their use as an enabler for the beyond fifth-generation technology is an extensive 

research topic. Given the above discussion, this thesis does a performance analysis of wireless 

digital and hybrid architectures under various impairments and unfavorable propagation scenarios. 

The work here analyzes both sparse and dense arrays in the presence of various impairments. This 

thesis also investigates the performance of MIMO systems for beyond fifth-generation 

technologies. 

  

Keywords: MIMO, Impairment, MC, APE, IRS.  
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Aluminum based in-situ dual matrix composite with segregated microstructure has been 

synthesized from four different systems (i.e., Al-TiO2, Al-TiO2-B2O3, Al-ZrO2 and AlZrO2-

B2O3) and subsequently characterized for the potential applications in aerospace and automobile 

industries. In-situ dual matrix composite consists of two distinct regions, i.e., reinforced rich area 

(i.e., RRA) and reinforcement lean area (i.e., RLA). The RLA is the continuous coarse-grained Al 

matrix and RRA consists of fine Al matrix reinforced with in-situ formed Al2O3 and M (where, 

M is Al3Ti, TiB2, Al3Zr or ZrB2). In-situ single matrix composite was synthesized by high energy 

ball milling of Al and TiO2 powders for various milling times (i.e., 2, 6, 10 and 15h) followed by 

compaction at a pressure of 600 MPa and sintering temperature of 600 °C. The 10h milled powder 

gives the best combination of compressive strength and ductility for the Al-Al2O3-Al3Ti 

composite. In order to produce in-situ dual matrix composite, the 10h milled powders were mixed 

with unmilled powders followed by rotor mixing for various times (10-30 mins). The hardness and 

compressive strength decrease, whereas the ductility and thermal conductivity increase with the 

increase in the mixing time. Considering all the properties, 10 h milling time and 30 min mixing 

time were fixed for the synthesis of dual matrix composite for the other three systems. In an effort 

to improve the properties of Al-Al2O3-Al3Ti composite by replacing the brittle Al3Ti phase with 

TiB2 phase, B2O3 was added to Al-TiO2 powder in different mole ratios (B2O3/TiO2 = 0, 0.5 

and 1) and complete elimination of Al3Ti was found at the mole ratio of 1. Hence, the B2O3/ZrO2 

mole ratio of 1 was also fixed to produce AlAl2O3-ZrB2 composite from Al-ZrO2-B2O3 system. 

The microstructure, mechanical properties (i.e., hardness and compressive strength), wear 

resistance and thermal conductivity of four different single (Al-Al2O3-Al3Ti, AlAl2O3-TiB2, Al-

Al2O3-Al3Zr and Al-Al2O3-ZrB2) and dual matrix composites (Al/AlAl2O3-Al3Ti, Al/Al-

Al2O3-TiB2, Al/Al-Al2O3-Al3Zr and Al/Al-Al2O3-ZrB2) were evaluated. The in-situ dual 

matrix composites show lower hardness and compressive strength, but higher fracture strain than 

those of in-situ single matrix composites. The in-situ dual matrix composites have better wear 

resistance than that of in-situ single matrix composites. Thermal conductivity measurements 

indicate that in-situ dual matrix composites have thermal conductivity which is 2-5 times higher 

than that of in-situ single matrix composites. 

 

 Keywords: aluminum matrix composites, in-situ dual matrix composites, powder metallurgy, 

hardness, compressive strength, thermal conductivity 
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The thesis tries to enquire into the information needs from a triadic perspective of professionals, 

adolescent cancer patients and their families. It also tries to analyse how the various stakeholders 

engaged in providing and receiving cancer care hinder or promote communication with each other. 

Additionally, the thesis examines in detail the issues emerging during real-time clinical discussions 

and breaking bad news sessions. The various socio-psychological challenges experienced by the 

professionals, children and adolescent cancer patients and their parents were also investigated in 

detail. The study applied a qualitative approach and used in-depth interviews of 14 professionals, 

12 family members of paediatric cancer patients aged 0-18 years, and 14 adolescent cancer patients 

from 12-18 years. 35 direct observations of live breaking bad news sessions were also carried out 

in the study. A thematic analysis approach was used to analyse the data. It was found that paediatric 

oncology professionals and parents negotiate with each other to communicate with children and 

adolescents and explicated the difficulties they experience in the process. The study highlighted 

that professionals need to be sensitive about the dynamic nature of information needs while 

interacting with parents of children with cancer. The above findings helped devise a 

communication protocol in paediatric oncology settings to help tailor the professionals of the 

discussion ought to have with different families with a child with cancer. The results may 

contribute to developing training courses on communications in paediatric oncology.  

 

Keywords: Healthcare Professionals, Parents, Children, Adolescents, Information Needs, 

Breaking Bad New 
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COHERENCE: AN ANALYSIS OF BENGALI NURSERY RHYMES 
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Coherence or meaning of a text is achieved when its intent or purpose is deciphered by its readers. 

The present study aims to explain coherence or meaning in Bengali nursery rhymes (chharas), 

derived by their target audience - infants, toddlers and little children in their developing years. An 

under-explored part of the literature, chhara, the Bengali counterpart of children’s rhymes, is a 

dynamic discourse brimming with emotions ranging from happiness, affection and enjoyment to 

the sense of awareness and cultural inclusion. Outlined by intermittent cohesive gaps, though the 

verses seem to be textually “incohesive” or “nonsensical”, their appreciation and enjoyment by 

children and adults alike makes us question coherence in the same. It is observed that the primary 

purpose of the dataset chharas is to impart fun, happiness, joy and everything that essentially leaves 

behind happiness and contentment in the listeners/readers. This purpose remains constant 

throughout the genre, although the ways of crafting ‘fun’ differ as the chharas evolve from visibly 

inconsistent elementary rhymes meant for very young children (infants and toddlers) to textually 

planned yet incongruous advanced verses meant for slightly grown-up children (preschoolers and 

beyond). Deciphering this purpose of happiness, we claim, equates coherence or meaning to the 

audiences of chharas. A discourse pragmatic analysis of the chharas reveals that coherence in this 

genre does not seem to fall under the predetermined categories of formally united and cohesive 

texts and that chharas are largely functional. The findings suggest that the predominant textual 

inconsistencies and incongruities that label the verses “incohesive”, rather, function as cohesive 

ties bringing about discourse coherence, as they are in accordance with the discoursal objective of 

producing “fun” and “happiness”. The detailed scrutiny of the verses thus reveals that chharas are 

not “incohesive”, instead, it is the apparatus of analysing them that has to be appropriate.  

 

Key Words: Chhara, Cohesion, Happiness, Textual Inconsistency, Discourse Coherence 
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Emergency medical services (EMS) are an important component of a modern healthcare system 

that aims to provide out-of-hospital emergency medical care and patient transportation. EMS 

systems employ ambulances with specialised equipment that enable them to respond to emergency 

calls and provide transportation for both urgent and non-urgent patients. EMS plays a vital role in 

saving lives in the case of critical emergency care such as trauma and out-of-hospital cardiac 

arrests. In this thesis, we address an important problem of planning for EMS in the healthcare 

sector that determines an optimal location of ambulances to enable quick response for urgent 

medical care. We consider a region divided into demand zones and served by an EMS system 

using a fleet of ambulances. The EMS aims to maximise the number of emergency patients served 

within the shortest possible response time using available ambulances. To achieve this objective, 

it is necessary to determine the optimal location of ambulances. Additionally, it is necessary to 

determine the preference order of ambulance stations for each zone in the given region to dispatch 

ambulances. Further, to tackle the variation that occurs in demand and travel time of ambulances, 

it is important to determine the possible relocations of ambulances based on the hour of the day. 

The planning of ambulances also depends on the different types of ambulances utilised and the 

level of urgency of patients. To capture the research theme sequentially, we set four objectives that 

address optimal location-allocation of ambulances in an EMS. In the first objective, we present a 

model that considers the temporal variation in demand while determining the optimal location of 

ambulances. The proposed problem incorporates the dispatching decision by determining the 

primary and secondary stations for each demand zone. The temporal variation in demand is 

incorporated into the model by dividing the day into a number of periods, where each period is 

associated with a different call arrival rate for each zone. The problem considers the server-level 

arrival rate, service rate and busy probability of ambulances (servers). The problem is formulated 

as a mixed-integer non-linear programming (MINLP) model and then linearised to obtain a mixed-

integer linear programming (MILP) model. The presented model considers an objective function 

based on heterogeneous performance measures combining survival function and coverage for 

different patient types. A memetic algorithm (MA) that utilises mixed chromosome representation 

of solutions is proposed to solve the problem. Our computational results show that the proposed 

MA produces solutions within 3% of the optimal solution obtained by CPLEX within significantly 

less CPU time. The proposed MA also outperformed the genetic algorithm (GA) in finding better 

solutions for most instances. Computational results indicate that neglecting time-dependent 

variation in demand can underestimate ambulances required by up to 15% during peak demand. 

Incorporating temporal variation in demand balances ambulance availability during peak periods 

and resource utilisation for periods with low demand. In the second objective, we extend the 

previous model to incorporate the temporal variation in travel time along with demand. The 

dispatching decision is incorporated by determining the rank of ambulance stations to indicate the 

preference vii order for each demand zone. To capture the impact of variation in travel time more 

accurately, we use a performance measure based on the survival function for all calls in the 
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objective function. The proposed problem is formulated as an MINLP model. We present a 

variable neighbourhood search (VNS) based solution approach to solve the problem that uses a 

relaxed solution of the original problem as an initial solution. The proposed model is tested on the 

problem instances developed based on the urban region of Kolkata in India. Modelling with 

temporal variation improves the actual survival function value and the coverage achieved. When 

temporal variation is ignored, the overestimation in coverage is higher for a shorter response time 

and decreases for a longer response time limit. We observe that the improvement in survival 

probability decreases with an increased number of periods, resulting in diminishing returns as more 

periods are considered. In the third objective, we develop performance evaluation approaches for 

a multi-tiered EMS system that employs three types of ambulances, Advanced Life Support (ALS), 

Basic Life Support (BLS), and First Responder Vehicle (FRV). We also consider two types of 

patients: type A patients require ALS to be dispatched, while type B patients are expected to be 

served by BLS ambulances. We first discuss a hypercube queueing model (HQM) for the proposed 

system and then present an approximate approach for application in large EMS systems. The HQM 

and approximate approaches are validated by comparing them with a simulation model. The 

approximate approach consistently provides results within 8% of the simulation model for all the 

problem instances. As the approximate approach takes significantly less time and is easy to 

implement for even large systems, it is a more useful approach for planning such EMS systems. 

In the fourth objective, we extend the location model presented in the second objective by 

considering a multi-tiered EMS system. Similar to the third objective, we consider three types of 

ambulances and two types of emergency calls. The proposed problem is formulated as an MINLP 

model. An adaptive variable neighbourhood search (AVNS) based approach is proposed for 

solving the problem. The AVNS based solution approach integrates the approximate approach 

developed in the third objective to estimate the busy and dispatch probabilities. The dispatch 

probability obtained using the approximate approach is then used to calculate the value of the 

objective function of an AVNS solution. The initial solution for the AVNS is obtained by solving 

a relaxed MILP version of the proposed problem. Two adaptive neighbourhood change procedures 

and multiple neighbourhood structures are proposed. The results of computational experiments 

indicate that proposed adaptive approaches outperform the basic VNS approach in terms of the 

time required to obtain the best solution. Similarly, using the solution of the relaxed problem as an 

initial solution results in a better final solution in relatively less CPU time. We also analyse the 

impact of temporal variation in parameters and the variation in the number of ambulances available 

on server utilisation, and the proportion of demand served.  

 

Keywords: Emergency medical services; Ambulance location-allocation; Joint location and 

dispatching; Memetic algorithm; Variable neighbourhood search. 
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The thesis entitled “Weakly Coordinating Ketone-Directed C–H Allylation, Alkenylation, and 

Annulative π-Extension by C–H Bond Activation” has been divided into five chapters. Chapter 1 

describes the overview of transition metal-catalyzed C–C bond formation reaction by weakly 

coordinating, ketone-directed C–H functionalization. Chapter 2 presents ketone-directed 

regioselective, monoallylation of a wide range of aromatic ketones, chalcones and protecting 

group-free indoles using Cp*Co(III)-catalyzed C–H bond activation. Chapter 3 demonstrates the 

alkenylation of (het)aromatic ketones with alkenes or Heck-type coupling using a Cp*Co(III) 

catalyst. Two-step synthesis of a γ-PPAR antagonist, synthesis of indanone, and modification of 

divinylsulfone are also reported. Chapter 4 describes 3d-transition metal, cobalt(III)-catalyzed, 

ketone-directed C–H vinylation of aromatic ketones and enones with economical vinyl acetate. 

Chapter 5 deals with syntheses of 4,5-functionalized pyrenes, axially-chiral napthyl-pyrene, and 

1,1’-bipyrene derivatives by Rh(III)-catalyzed C–H functionalization. The one-pot syntheses 

involve C–H activation, alkyne-insertion, intramolecular nucleophilic attack at the ketone, 

dehydration, and aromatization as important steps. 

 

 
 

Keywords: Catalytic C–H Functionalization, Weak Coordination, Ketone-Directed, Allylation, 

Alkenylation, Vinylation, Annulative π–Extension, Cobalt, Rhodium 
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The Large Hadron Collider (LHC) before its long shutdown in 2018 has collected data equivalent 

to ∼ 200 f b−1 integrated luminosity. Apart from the discovery of Higgs in 2012 no statistically 

significant deviation from the Standard Model (SM) has been reported by the two collaborations 

CMS and ATLAS. These null results can be translated to stringent constraints on the parameter 

space of scenarios Beyond the Standard Model. Strongly interacting models of electroweak 

symmetry breaking once pared down to their low energy effective Lagrangian usually predict same 

spin exotic partners of the SM states. The central theme of this thesis is to explore aspects of LHC 

constraints on these models from direct searches of the exotic states and to study the corresponding 

HL-LHC reaches. We consider a non-minimal universal extra dimensional scenario with the extra 

spatial dimension compactified on an S 1/Z2 orbifold. The SM states are allowed to propagate the 

bulk with nontrivial brane localized kinetic terms. The flavour structure of brane kinetic terms for 

the standard model fermions are dictated by stringent flavour bounds on the first two generations 

implying an U(2)QL ⊗ U(2)uR ⊗ U(2)dR flavour symmetry. We translate the results reported in 

the dilepton channel of LHC into constraints on the parameter space of this model. We additionally 

consider the constraints on such a scenario arising from dark matter relic density and direct 

detection measurements, precision electroweak data and Higgs physics. We discuss the possibility 

of such a scenario providing an explanation of the measured anomaly in RK(∗) within the allowed 

region of the parameter space. Composite Higgs framework where the Higgs is identified as a 

pNGB of a strong sector provides a solution to the gauge hierarchy problem and may be realized 

as a holographic dual to extra dimensional models. We take a bottom-up approach and capture the 

impacts of the strongly interacting sector by incorporating large decay width of the low lying 

resonances of the strong sector. We incorporate the full 1PI resummed propagator for vector and 

fermionic resonances corresponding to gluon and top partners at the event generation level and 

study aspects of their phenomenology at collider experiments like the LHC. In this context we 

reappraise the collider constraints from leptonic final states on the vectorlike colored top partner 

taking into account the impact of exotic gluon partner. We translate the recent results in the 

monolepton + jets channel as reported by CMS with an integrated luminosity of 35.8 fb−1 , and 

dilepton + jets and trilepton + jets channels as reported by ATLAS with an integrated luminosity 

of 36.1 fb−1 to constrain the parameter space of these class of models. We also comment on the 

impact and modification of the derived constraints due to the expected fatness of the gluon partner, 

when accounted for beyond the narrow-width approximation by simulating the full one-particle 

irreducible resummed propagator. We find that for mass of the gluon partner ≤ 3 TeV top partner 

mass > 1.5 TeV can be excluded from current LHC results. The top partners arising from 

underlying strong sectors are also expected to have large decay widths pushing them beyond the 

narrow width approximation. We consider the top like top partner to strongly couple to an exotic 

pseudoscalar. We use the full 1PI resummed propagator for the top partner to recast the present 

LHC constraints ruling out masses below ∼ 1.2 (1.1) TeV for width to mass ratio of 0.1 (0.6). We 

utilize machine learning techniques that are demonstratively more efficient than traditional cut 
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based searches to present the reach of HL-LHC on the parameter space of this broad resonance. 

We find that at 3 ab−1 the HL-LHC has a discovery potential up to 1.6 TeV dominated by the pair 

production channel. We study the feasibility of using machine learning techniques to analyze the 

broad resonance peaks expected from these exotic quarks at collider experiments like the LHC. 

Remnants of an underlying strong sector can be searched for indirectly in the modification of SM 

couplings. In composite Higgs models the Higgs boson is considered to be a composite scalar with 

a finite extension in space. Owing to the momentum dependence of its couplings the imprints of 

such a composite pseudo Goldstone Higgs may show up in the tails of various kinematic 

distributions at the LHC, distinguishing it from an elementary state. From the bottom up we 

construct the momentum dependent form factors to capture the interactions of the composite Higgs 

with the weak gauge bosons. We demonstrate their impact in the differential distributions of 

various kinematic parameters for the pp → Z ∗H → l +l −b ¯b channel. We show that this channel 

can provide an important handle to probe the Higgs’ substructure at the HL-LHC. 
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Globally, climate change and the issue of urbanization has been a matter of concern over the past 

few decades. Unplanned urban growth alters the natural drainage pattern and the water cycle, 

consequently, giving rise to floods. Floods are attributed to heavy precipitation but, human 

activities act as a catalyst in creating an imbalance in the environmental harmony. Predominantly, 

urban floods in the developing nations are known to affect quite a large population and 

infrastructure. Nagpur, in Maharashtra, India has been facing hydro-meteorological events in the 

last decade along with a persistent reduction of natural land and rapid urban growth. Nagpur, unlike 

the coastal cities never faced horrid floods. However in the past decade, it has become a hotspot 

for flash floods and droughts. The city requires Disaster Risk Reduction (DRR) strategies to tackle 

the disasters caused due to urban floods. As a result, the study aims at ascertaining the social and 

physical infrastructure vulnerability of the residents; Followed by developing a methodology for 

identifying the anthropogenic activities responsible for causing urban floods. Thereafter, the 

impact of landcover change on the surface runoff adding to the urban floods is testified by the 

application of a simplistic hydrological model. Further, the impact of identified anthropogenic 

activities on the vulnerability of settlements is tested through the application of statistical model.  

Objective 1 focuses at conducting a micro-scale i.e. community vulnerability assessment by 

identifying the drivers of vulnerability. The existing physical infrastructure and social attributes 

make the population vulnerable to urban floods. A questionnaire based on the socio-economic and 

infrastructure characteristics was formulated and a primary survey was conducted. The study 

involves application of principal component analysis by means of python programming to develop 

socio-economic and physical infrastructure indices. The python code can act as a cheat sheet for 

researchers and policy makers in the domain of vulnerability assessment. The analysis enabled 

component wise and index wise visualization of low vulnerable to high vulnerable zones in Nagpur 

using Geographic Information System (GIS). Goodness-of-fit for socio-economic and physical 

infrastructure vulnerability index show R 2 value as 0.7219 and 0.7058 respectively, suggesting 

the models to be substantial. This robust vulnerability framework can gauge the real conditions of 

the population thereby assist in developing policies and strategies to reduce the impact of urban 

floods.  

Objective 2 focuses at identifying the anthropogenic activities responsible for increased 

occurrences of urban flood events in Nagpur. A total of seven attributes and xiv fourteen human 

induced causative factors were identified to record the perception of residents and experts. 

Household surveys were conducted using a standardised Likert scale questionnaire. Such real-
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world occurrences contain the inherent imprecision and ambiguity of human judgements. As a 

result, the survey items were presumed to be fuzzy linguistic variables, and the raw dataset was 

converted into triangular fuzzy integers. For the hierarchical assessment of indicators and 

variables, fuzzy arithmetic and weighted averaging operators were used. In order to deal with 

subjective replies, a robust approach is experimented in the study. The process was conducted for 

every zone separately to understand the factors causing urban floods, the defuzzified scores for 

every attribute are presented through GIS. Towards the end, accuracy comparison of the Likert 

scale and fuzzy approach is carried out. The use of fuzzy approach in urban planning and related 

behavioural research helps cope with the inherent uncertainties in a humanistic system, in an 

effective and pragmatic manner.  

Objective 3 attempts at establishing a relationship between temporal landcover change for years 

1995, 2005, 2015 and increased surface runoff, eventually causing urban floods through 

application of the Soil Conservation Services Curve Number method. These years marked 

remarkable urban development in Nagpur and hence were considered in the study. The outcome 

demonstrated a prominent urban sprawl of 12.84 percent and a severe loss of 16.32 percent in 

natural vegetation between 1995 and 2015. The objective examines the relationship between urban 

expansion and surface runoff at the catchment level by integrating landcover mapping with the 

application of hydrological model. It presents a successful application of remote sensing and GIS 

in hydrological studies. Novelty of the study lies in (a) Developing a statistically and spatially 

explicit method for assessing the socio-economic and physical infrastructure vulnerability at micro 

scale; (b) A methodology to identify the urban flood (UF) causative factors. The study chalks down 

a list of factors that are deemed responsible for causing urban floods in the study area. These 

contributions can make a major difference in mainstreaming DRR into development plans for UF-

prone regions. Specifically, for resource-constrained and water-stressed fast-growing cities with a 

comparable profile to that of the study area.  

Keywords: Urban floods, Vulnerability Indices, Principal Component Analysis, Anthropogenic 

causative factors, Fuzzy Approach, Landcover change, SCS-CN. 
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The thesis entitled, “Functionalizations of Pyrrole and Indole: Application towards the Synthesis 

of Indolo[2,3-a]carbazole-Alkaloids” has been divided into three chapters. Keywords: Pyrrole, 

Indole, C−H Functionalization, Cobalt,Thiocarbamate, Amidation, Prenylation, Pyrrolo[1,2-

c]imidazole, Benzannulation, One-pot cascade reaction, Brønsted acid catalysis, Oxygen, Cadogan 

cyclization, Carbazole, Indolo[2,3-a]carbazole alkaloids.  

Chapter 1 describes the importance of pyrrole and indole architecture and the functionalization 

of these heterocycles. Next, short overviews about the employment of oxygen as an oxidant in 

carbazole synthesis and Cadogan cyclization strategies for the generation of Indolo[2,3-

a]carbazole core have also been summarized. 

 Chapter 2 demonstrates the thiocarbamate-directed Cp*Co(III)-catalyzed C−H amidation, 

cascade annulation, and prenylation of pyrroles/indoles to access diversified pyrrole and indole 

architectures efficiently.  

Chapter 3 presents a Brønsted acid-catalyzed sequential/cascade annulation of 2- alkenyl indoles 

to access a rich collection of diversified carbazoles, indolo[2,3- a]carbazoles, and related 

indolocarbazole-based alkaloids. 
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A comparative study has been carried out on densification behavior, microstructural evolution, 

mechanical and thermal properties, as well as oxidation and ablation resistance of the ZrB2-SiC 

composites with varying amounts of LaB6, ZSBCL7 (7 vol.% LaB6), ZSBCL-10 (10 vol.% LaB6) 

and ZSBCL-14 (14 vol.% LaB6). The aforementioned composites with B4C and C as additives 

were processed by spark plasma sintering at 1600°C and 1800°C under applied ram pressures of 

50 MPa and 70 MPa, respectively. The densification kinetics for both the sintering conditions has 

been analyzed with emphasis on the role of additives and LaB6 in both reduction of impurity 

oxides during heating, as well as deformation by creep. The relative density is found to increase 

with increase in the volume fraction of LaB6 at both the sintering temperatures, whereas higher 

densities (98-99.5%) have been achieved by sintering at 1600°C. The densification mechanism 

during sintering at 1600oC being analyzed using the BernardGranger model has exhibited stress 

exponent (n) 5-6 suggesting dislocation-climb as the operating mechanism. However, 

observation of n2 for the ZSBCL-7 and ZSBCL10 composites sintered at 1800°C suggests grain 

boundary sliding aided by diffusion through interfacial glassy phase, whereas n3 for ZSBCL-14 

is considered as signature of dislocation glide-controlled creep. The hardness is found to increase 

with decreasing grain size for the composites sintered at 1600oC with density 98%, but it is 

influenced by relative density in the incompletely densified composites processed at 1800oC. 

Further, the indentation fracture toughness of the composites sintered at 1600oC is found to scale 

with the LaB6 content. The oxidation behavior of the composites involving heating under 

nonisothermal condition till 1400°C, as well as isothermal and cyclic exposure at 1300°C to 

1500°C has been examined. The mass gain of the ZSBCL-14 is found as the highest during non-

isothermal oxidation, whereas it appears to be the least among the composites isothermally 

exposed for 24 h at all the test temperatures. The kinetics and oxide scale evolution during 

isothermal exposure at 1300oC for 1, 8, or 24 h have been also examined. Random mass change 

observed during the first hour at 1300oC stems from a non-protective scale. The variation of mass 

gain with time at 1300oC has followed a near-parabolic rate law during 0-8 h time period, and 

significantly more sluggish kinetics during 8-24 h, with the parabolic rate constants (kp) 

decreasing sharply. The borosilicate glass (BSG) layer growth rate scales linearly with the LaB6 

content during 0-8 h, but shows an opposite trend on further exposure. During both time periods 

(0-8 and 8-24 h), the kp is found to decrease following a linear relationship with increasing BSG 

layer thickness, indicating its key role as diffusion barrier for oxygen. The oxide scale evolved at 

1500°C was examined by scanning and transmission electron microscopy with energy dispersive 

spectroscopy. It has been found that a BSG layer with a thin film of La2Si2O7 is formed on the 
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outermost surface of the protective oxide scale, followed by layers containing BSG along with 

coarse and fine ZrO2, and a SiC-depleted ZrB2 layer. The detailed investigation of the cross-

section of the oxide scale has revealed the formation of a layered microstructure formed by growth 

involving partial crystallization of BSG forming ZrSiO4 along with re-precipitation of La2Si2O7 

and ZrO2 after prior dissolution of La2O3 and ZrO2 in the glassy matrix. The mass gain after 24 

cycles of 1 h exposure at 1300°C-1500°C is found to be lower than that recorded under isothermal 

condition for all the composites, with the difference decreasing with LaB6 content. The oxidation 

kinetics is found to approach a typically parabolic rate law with increase in cyclic exposure 

temperature. Further, the value of kp is found to decrease with increase in LaB6 content after a 

few cycles of exposure at each temperature. The outer compact layer comprising BSG, La2Si2O7, 

and ZrSiO4 appears to have a critical role in protection against oxidation, with the kp decreasing 

with increase in its thickness. Compressive creep tests have been carried out at constant load in air 

at 1300°C1400°C under 47-78 MPa stress. The steady-state creep rate of ZSBCL-10 composite is 

found to be higher by one order of magnitude than that of ZSBCL-14 at 1300°C. The value of 

stress exponents, n = ~ 2, as well as the formation of microcracks at both ZrB2 grain boundaries 

and ZrB2-SiC interfaces is suggestive of grain boundary sliding being the operative creep 

mechanism in ZSBCL-10 composites. On the other hand, the values of stress exponent 1 obtained 

for the ZSBCL-14 composites suggest diffusional creep being operative at 1300-1400°C. The 

value of apparent activation energy as ~ 700 kJ/mol for ZSBCL-14 in temperature range of 

1300°C-1400°C suggests that the ZrB2- ZrB2 grain boundary diffusion is the rate-limiting 

mechanism of deformation. The ZSBCL-10 has shown the lowest electrical resistivity due to larger 

grain size, whereas degradation due to thermal shock is found to scale with LaB6 content, as brittle 

LaBO3 content and interfacial area increases. The ZSBCL-14 has shown higher thermal 

conductivity and resistance to ablation at ~ 1900°C due to closure of pores in ZrO2 by the 

La2Si2O7, whose formation arrests mass loss by formation and escape of SiO (g).  
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sintering; Microstructure; Mechanical properties; Densification mechanism; Non-isothermal 

oxidation; Isothermal oxidation; Cyclic oxidation; Oxidation kinetics; Oxide scale evolution; 
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Economic growth, particularly its long-run sustainability, has long been a pivotal point for 

academic researchers, economists, and policy-makers. Therefore, many attempts have been taken 

to identify the factors that have an impact on the economic growth in various countries, sectors, 

and different periods. Financial literature revealed a prospect of joint interdependence between 

innovation, financial development, and economic growth. This study focuses on the causal nexus 

between innovation and economic growth, financial development and economic growth, and 

financial development and innovation. The causal nexus between these three has also been studied. 

Further, the study focuses on how the change in innovation, financial development, or economic 

growth of one individual country impacts other countries. The study has been conducted on thirty-

four Organization for Economic Co-operation and Development (OECD) member countries 

namely Australia, Austria, Belgium, Canada, Chile, Czech Republic, Denmark, Estonia, Finland, 

France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, South Korea, Latvia, Lithuania, 

Luxembourg, Mexico, Netherlands, Norway, Poland, Portugal, The Slovak Republic, Slovenia, 

Spain, Sweden, Switzerland, Turkey, The United Kingdom, and The United States of America 

from 1961 to 2018. The study has used Principal Component Analysis (PCA) to construct the 

indices for innovation and financial development. The per capita Gross Domestic Product (GDP) 

has considered the proxy for economic growth. The financial development factors have been 

classified into three different clusters viz. banking indicators, stock market indicators, and financial 

stimulators. Indices have been constructed for each cluster as well as the financial development as 

a whole. The Granger causality test is subsequently applied for studying the causal nexus between 

innovation and economic growth, financial development and economic growth, and innovation 

and financial development. Using the Granger causality, the study also finds the impact of one 

country on other member countries and developed network diagrams for innovation, financial 

development, and economic growth. The study also developed the regression model using the 

ordinary least square (OLS) method to find the interrelationship between innovation, financial 

development, and economic growth. The empirical study revealed the causal relationship either 

unidirectional or bidirectional between innovation – economic growth, financial development – 

economic growth, and financial development – innovation in most of the OECD member countries. 

The empirical study also shows the strong interrelationship between innovation, financial 

development, and economic growth. In the case of a few countries, the neutrality effect has been 

reflected. The study finds that the financially strong countries' innovation, financial development, 

and economic growth impact more number of other member countries, and comparatively weaker 

countries got affected by more numbers of member countries. The study indicates that the intensity 

of causality is country-specific.  
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