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A NOVEL STRATEGIC APPROACH FOR IMPROVED PRODUCTIVITY 
OF MIXED LIGNOCELLULOSIC ETHANOL FOR A SUSTAINABLE AND 

ECO-FRIENDLY PROCESS DEVELOPMENT 
 

Althuri Avanthi 
Supervisor: Prof. Rintu Banerjee 

Advanced Technology Development Centre 
Accession No.: NB16070 

 
Lignocellulosic ethanol is the energy of the future that has the potential to replace petro-fuels when 

driven by a simple and competent biomass processing technology. In the midst of alarming environmental 
consequences of industrialization and excessive fossil fuel combustion, it is obligatory to seek for a greener 
and benign approach for 2G ethanol production. The present study is one such attempt that deals with 
enzymatic processing of carbon neutral lignocellulosics. For this, blends of nonedible lignocellulosics 
namely, Ricinus communis, Saccharum officinarum tops, Saccharum spontaneum, Bambusa bambos, Ananus 
comosus leaf waste and Lantana camara were taken as a substrate, since collection of a single type of biomass 
to feed a refinery is time consuming, laborious and cost-intensive. Whereas, mixed feedstocks are readily 
available, sustainable and moreover are tailor-made to fit in the best biochemical composition. 

The present study involved the use of ligninolytic laccase from Pleurotus djamor for delignification 
and a complete holocellulolytic system (cellulase and xylanase) from Trichoderma reseei RUT C30 was used 
for conducting saccharification studies. Fourier-Transform Infra-Red (FTIR) spectroscopy and simplex 
centroid mixture design algorithm based studies were conducted to probe the correlation between biomass 
composition and laccase mediated lignin degradation. FTIR peak intensity analyses of the mixtures i.e., 
combination 20, 21 and 31 from 57 mixed biomass sets studied suggested that G type lignin has synergistic 
effect on laccase mediated delignification. While, presence of S type lignin showed antagonistic relationship 
with laccase adsorption and delignification. Simplex centroid and central composite design based response 
surface methodology studies for optimization of the selected mixture (i.e., combination 31) resulted in a 
concoction composed of Saccharum spontaneum (0.2031), Saccharum officinarum tops (0.1968), Ricinus 
communis (0.6000) with maximum delignification 85.70%. 

Simultaneous biomass pretreatment and saccharification (SPS), using a cocktail of laccase and 
holocellulase consisting of endo-glucanase, exo-glucanase, β-glucosidase and xylanase was attempted to 
reduce the time, labour and the energy input involved in separate pretreatment and saccharification method. 
This enzyme based SPS of biomass was found to yield comparable reducing sugars (612.33 mg/g raw 
biomass) to that of separate saccharification (600 mg/g) of pretreated biomass (C11), chemical pretreatment 
and chemical saccharification (CPCS, 428.16 mg/g) and chemical pretreatment and enzymatic 
saccharification (CPES, 567 mg/g) methods. SPS showed significant reduction in time from 10.69 h 
(inclusive of pretreatment, 6.33 h and saccharification, 4.36 h) to 4 h. 

This prospective laccase pretreated feedstock (C11) was then subjected to separate hydrolysis and 
fermentation (SHF) and simultaneous saccharification and fermentation (SSF) where it indicated that 3.22 ± 
0.36% (v/v) and 5.31 ± 0.35% (v/v) ethanol was obtained through SHF and SSF within 27.33 h and 30 h 
respectively corresponding to 25.40 g/L and 41.89 g/L ethanol yield. The higher ethanol yield obtained 
through SSF indicates the advantage of SSF over SHF.  

Another facet to the present investigation is the use of co-culture of hexose (Saccharomyces 
cerevisiae) and pentose (AKBR 212) fermenting yeast strains to simultaneously convert C6 and C5 sugars to 
ethanol. The USP of the process is the conversion of high energy density (17.02 kJ/g) mixed biomass at high 
substrate loading (25-27.54% w/v) by different co-fermentation strategies viz. simultaneous saccharification 
and co-fermentation (SSCF), partially consolidated bioprocessing (PCBP) and consolidated bioprocessing 
(CBP). Experimental results showed that PCBP resulted in highest ethanol concentration of 7.86% (v/v) 
corresponding to 62.01 g/L in 21.96 h of fermentation under ANN derived optimum condition compared to 
the other two counterparts, CBP (7.07% v/v) and SSCF (6.63% v/v). Consequently, 0.247 g ethanol was 
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produced per g raw biomass accounting to 24.74% bioconversion. The higher amount substrate handled 
through PCBP in comparison to SSCF and CBP (25% w/v) signifies the applicability of PCBP for bulk 
handing of the biomass. The adopted biotechnological process is devoid of use of any chemical/ physical/ 
physicochemical biomass processing methods and thus has meagre allied waste streams thereby safeguarding 
the environment for future generations. 

 
Keywords: Mixed non-edible lignocellulosics; Laccase; Holocellulase; Simultaneous pretreatment and 
saccharifiation; Co-fermentation of sugars; Improved 2G ethanol. 

 
 

BIOETHANOL PRODUCTION FROM PINEAPPLE LEAF WASTE AND 
VALORIZATION OF ITS RESIDUE FOR BIOMANURE APPLICATION 

 
Anjani Devi Chintagunta 

Supervisors: Prof. Rintu Banerjee and Prof. Subhabrata Ray 
Advanced Technology Development Centre 

Accession No.: NB16072 
 

Escalating concern for energy security due to shrinkage of natural resources, burgeoning population 
and fluctuation in fossil fuels costs have shifted the attention of the energy research towards renewable energy 
sources. As the utilization of food crops for biofuel production culminated into food vs. fuel dilemma, 
lignocellulosic biomass with high holocellulose content and abundant availability became promising source 
for biofuel production. Conversion of pineapple leaf, an agro-industrial waste, to value added products such 
as reducing sugar and ethanol is an efficient approach for waste valorization and management that may 
mitigate environmental pollution.  

The novelty of the present work lies in the biological means of ethanol generation and complete 
utilization of residual biomass through biomanure production leading to zero waste generation. The crucial 
steps involved in the bioethanol production include laccase mediated delignification, cellulase-xylanase 
mediated saccharification and fermentation through yeast. In contrary to the conventional pretreatment 
processes such as physical, chemical and physico-chemical, enzymatic delignification is advantageous as it 
does not produce any harmful intermediates, operates under mild conditions and consumes less energy and 
water. Moreover, laccase produced from Pleurotus djamor has high titre and need to be diluted by several 
folds to attain the working titre, which makes the process economical.  

Optimization of relevant parameters for pretreatment of pineapple leaf waste resulted in maximum 
delignification of 78.57 % (w/w) in 5.30 h. Saccharification of delignified biomass was carried out using 
cellulase-xylanase concoction produced from Trichoderma reesei RUT-C30. Maximum concentration of 
reducing sugar (502.62 mg/g) was obtained at the optimum conditions of solid loading 22.68 % (w/v), 50 °C, 
pH 4.5, incubation time 6.30 h and cellulase concentration 19.14 IU/mL. The saccharified broth upon 
fermentation with Saccharomyces cerevisiae resulted in ethanol production of 5.60 % (v/v) in 36 h. The 
traditional means of ethanol production include sequential implementation of the three processes in various 
fermenters, which is a time consuming and costly affair.  

Various fermentation strategies such as simultaneous saccharification and fermentation (SSF), 
consolidated bioprocessing (CBP) and partially consolidated bioprocessing (PCBP) were carried out to obtain 
high concentration of ethanol in less incubation time. SSF of delignified pineapple leaf waste using 
saccharifying enzyme and yeast under optimized conditions resulted in bioethanol production of 7.12 % (v/v). 
CBP is an integrated approach of delignification, saccharification and fermentation that is carried out at 
optimum temperature for all the three processes. PCBP is a modification to CBP, where simultaneous 
pretreatment and saccharification (SPS) was carried out at 50 °C for 3 h followed by fermentation at 37.5 °C. 
The ethanol concentration of 6.90 % (v/v) was observed from CBP at 26.46 % (w/v) solid loading in 28 h; 
whereas, 7.70 % (v/v) of ethanol was obtained from PCBP at 27.25 % (w/v) solid loading in 26 h, 
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respectively. The structural changes in the biomass at various steps of the ethanol production process were 
studied through Fourier transformed infrared spectroscopy (FTIR), X-ray diffraction (XRD) and Scanning 
electron microscopy (SEM). Besides, purification of endoxylanase and β-xylosidase from the crude 
saccharifying enzyme was attempted to study their thermal stability and pH tolerance for industrial 
application.  

The biomass residue obtained during bioethanol production process was inoculated with five 
different strains of blue-green algae and their concoction for nitrogen (N), phosphorus (P) and potassium (K) 
enrichment. Among them, Fischerella muscicola was found to enrich N, P and K of the residue by nearly 
6.84, 8.78 and 14.17 folds when compared to the initial content. The efficiency of enriched residue as 
biomanure in promoting plant growth and soil characteristics was studied in comparison to the vermicompost 
and chemical fertilizers individually as well as in combinations. Among the various treatments, combination 
of biomanure and chemical fertilizer (1:1) have performed well and enhanced the growth characteristics of 
okra along with yield increase by 1.76 fold. Thus, the integrated bioethanol and biomanure production from 
pineapple leaf waste is an efficient means of waste valorization and zero waste generation.  

 
Keywords: Bioethanol; Biomanure; Blue-green alga; Cellulase-xylanase; Pineapple leaf waste; Reducing 
sugar. 

 
 

ASSERTION BASED ANALYSIS OF MIXED-SIGNAL SYSTEMS 
 

Antara Ain 
Supervisors: Prof. Siddhartha Mukhopadhyay and Prof. Pallab Dasgupta 

Advanced Technology Development Centre 
Accession No.: NB16031 

 
Assertions are formal properties which define admissible behaviors of the system. In the digital 

domain, assertions are widely used for the verification and debugging of large integrated circuits. In view of 
the increasing complexity of Analog and Mixed Signal (AMS) systems, assertion based verification of mixed-
signal systems has become an important requirement. Several research groups, like the SystemVerilog AMS 
Working Group of Accellera, have included AMS assertions as one of their primary goals. The major 
contribution of this thesis is to develop methodologies and tools that can be used for assertion based analysis 
of AMS systems. The primary contributions are as follows:  

1.  This thesis presents the challenges of monitoring AMS assertions in general with specific 
focus on enriching the language for developing formal specifications. We study the use of local 
variables, a construct prevalent in SystemVerilog Assertion language, in AMS context. Due to the 
dense time interpretation of AMS assertions, a continuum of overlapping assignments to local 
variables is possible which dynamically generates predicates over real values (PORVs) during 
simulation.  
2.  This thesis proposes a language, called Feature Indented Assertions, to formally specify 
features (which are real-valued characterizing behavioral attributes) of mixed-signal systems and 
evaluate the feature range over dense time interpretation of AMS assertions. Unlike assertions, 
which have a Boolean evaluation, features evaluate to real-valued ranges, which provide a better 
insight of the robustness of the system.  

 
In the first part of the thesis we have proposed methodologies for evaluating features of AMS designs 

and validating AMS assertions with local variables and have developed two tool-kits, Dynamic Feature 
Evaluation Tool (DyFET) and AMS-Assertion Checker. Both these tools are integrated to standard mixed-
mode simulation engines through standard APIs.  
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In the latter part of the thesis, the proposed frameworks are used for the assertion based analysis of two types 
of AMS systems, namely, AMS circuits, and power system networks. The research presented here is as 
follows:  

• AMS Circuits: We propose the notions of feature based equivalence and feature-driven coverage 
analysis for the verification of AMS circuits.  
 
• Power System Network: We study the use of assertions and features for analyzing some of the 
decision problems of a power system network, namely, diagnosis of faults and prognosis of grid 
vulnerability.  

 
Keywords: Assertions, Features, Mixed-Signal Systems, Verification of AMS Circuits, Analysis of Smart 
Electrical Grids. 

 
 

DEVELOPMENT OF POD BORER TOLERANT TRANSGENIC 
CHICKPEA (CICER ARTIENUM L.) USING BACILLUS THURINGIENSIS 

CRY1AB GENE 
 

Anulina Manna 
Supervisor: Prof. Nirupama Malick 

Advanced Technology Development Centre 
Accession No.: NB15952 

 
Chickpea (Cicer arietinum L.), an important pulse crop in the world, provides a unique source of 

dietary protein especially for the people of developing countries. Several biotic and abiotic factors are 
responsible for the loss of its productivity. Severe damage caused by pod borer (Helicoverpa armigera 
Hubner) has been recognized as the major one. Developing a pest tolerant cultivar by conventional breeding 
techniques could not succeed due to paucity of genomic resources. Therefore, genetic engineering approaches 
are adopted to develop pod borer tolerant cultivars but with limited success due to lack of efficient 
regeneration and transformation protocol of this recalcitrant crop.  

To overcome this, the present study was undertaken to develop highly reproducible, efficient 
regeneration and transformation protocol with three chickpea genotypes which broadened the scope of 
genetic manipulation of this popular pulse crop. Basal media was manipulated for direct in vitro 
organogenesis where 2XMS media fortified with 1.5 mg/L BAP was found to be most efficient for enhanced 
shoot proliferation (maximum 23 shoots per explant) irrespective of all three test cultivars. While normal MS 
with B5 macro salts resulted in highest elongation of micro shoots, addition of 0.05 mg/L IAA enhanced 
micro shoot length of 5.0 cm within two weeks. Rhizogenesis and outdoor establishment of plantlets were 
achieved by direct rooting in 1/2MS basal media supplemented with either 0.125 mg/L IAA or 0.05 mg/L 
IBA and thereafter growing the rooted plantlets in sand: soilrite (2:1) pot mixture.  

Efficient Biolistic and Agrobacterium mediated transformation protocols were identified by 
optimizing several physical factors such as culture condition of explants, suitable target tissue and amenable 
genotypes. Strategic manipulation of sectorial sectioning was adopted for maximum elimination of chimeric 
distribution of transformed cells to achieve large number transgenic events.  

Finally, pod borer resistant chickpea by overexpressing codon optimized Cry1Ab gene under green 
tissue specific RuBisCo small subunit (rbcS) promoter with a chloroplast target sequence was achieved up to 
T2 generation. The direct sequence of asymmetric LoxP recognition site was used at two distant ends of 
marker genes (bar and gfp) for further application of marker-free approach exploiting cre-lox mediated 
recombination phenomenon.  
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Keywords: Agrobacterium, Bacillus thuringiensis, Biolistic, Bt-toxin, Cicer arietinum, Cry1Ab, Grafting, 
Helicoverpa armigera, in vitro, multiple shooting, rooting, transformation, T1 transgenic line, T2 transgenic 
line. 

 
 

MATERIALS UNDER EXTREME CONDITIONS: AN ATOMISTIC 
STUDY OF SHOCK COMPRESSION 

 
Anupam Neogi 

Supervisor: Prof. Nilanjan Mitra 
Advanced Technology Development Centre 

Accession No.: NB16003 
 

The present study investigates how materials react, change and/or gets deformed being subjected to 
an extreme condition of pressure, temperature, and strain, through shock compression. Classical molecular 
dynamics (MD) and Density Functional Theory based MD (DFT-MD) method (namely, Born-Oppenheimer 
molecular dynamics) has been employed in this study. Different class of materials, such as metal (FCC single 
crystal Cu, nanoporous-Cu, HCP single crystalline Ti), polymer (polyvinyl chloride), and liquid (water), 
having potential application at the extreme condition, has been explored as a part of this work. For single 
crystalline copper plastic deformation mechanisms are observed through the evolution of different types of 
dislocation mechanisms and mutual interactions in between them, when it is subjected to different shock 
intensity (ranging from particle velocity of 0.5 km/s to 3.0 km/s). Directional anisotropy has been observed 
in single crystal copper, considering <100>, <110>, and <111>, as shock propagation direction. Unlike 
<100>, shock propagation along other low symmetry crystallographic directions, <110>, and <111>, has 
been observed to show comparatively higher plastic deformation through emission of Shockley partials and 
their mutual interactions, resulting in sessile dislocations and junctions. Detailed characterization and 
evolution of the dislocation dynamics, with regards to quantification and atomistic mechanisms of the 
formation of sessile locks, behind the shock front for the shocks along <100>, <110>, and <111>, have been 
studied in this present work. For shocks along <100>, structural phase transformation from FCC-to-BCT 
through a uniaxial lattice compression accompanied by lattice rotation via a finite volume change, has been 
characterized through simulated x-ray diffraction pattern at a shock pressure of ~100-150 GPa. Shock induced 
compaction i.e., plastic deformation through dislocation emission around a spherical nano-void, implanted in 
single crystal copper, has been characterized for the shocks along h100i, h110i, and h111i. In addition, shock 
compression induced plastic flow and Hugoniot planes of nano-porous (NP) copper, with idealized pore 
structure (open cell or closed cell) and varying porosity, has been investigated for the piston velocities ranging 
from 0.5 km/s to 3.5 km/s. Directional anisotropy in Hugoniot planes has been observed for the shock 
propagation along <12-10>, <10-10> and <0001> in single crystal Ti, using two different modified embedded 
atom method (MEAM) interatomic potential. A structural phase transition from HCP alpha to hexagonal 
omega phase for the shocks along <12-10>, <10-10> and <0001> in single crystal Ti at certain shock intensity 
has been identified through simulated x-ray diffraction pattern. Shock compression of “pure" and bulk liquid 
water has been studied in this present dissertation. A single shock velocity of 4 km/s has been identified to 
be able to produce partial phase transition in bulk “pure" liquid water to that of ice VII without the need of 
any nucleators within few nanoseconds after the shock wave passes through the bulk liquid water medium. 
This phenomenon of phase transformation has also been observed to be stable up to 100 ns timescale. Shock 
compression induced chemistry of amorphous structural polymer, polyvinyl chloride (considering tacticity 
of 50 %, 100 monomer in a chain, mass density of 1.37 gm/cm3, and polymerization as head-to-tail fashion), 
has also been studied as a part of this present work using both classical forcefields (such as PCFF, COMPASS 
and PCFF+) and abinitio based molecular dynamics. Bond dissociation in PVC has been observed to occur 
at a shock-pressure of ~20 GPa and C-Cl bond are observed to dissociate (commonly refereed as 
dechlorination) first, where, the C-H bond is observed to be most stable even at high shock intensities.  
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Sweet Pearl millet (Pennisetum glaucum L.) is an annual kharif season crop cultivated as fodder 
mainly in drought prone semi-arid regions of Indian subcontinent. The crop has been demonstrated to have 
immense potentiality as an alternative feedstock for ethanol production. However, its potentiality in industrial 
application is restricted due to presence of high lignin content (~17.1-20.7%) which adversely affects the 
extraction of carbohydrate for ethanol production. In order to resolve the problem, the present study is aimed 
to develop an improved variety of P. glaucum with reduced lignin through RNA interference (RNAi) of 
caffeoyl CoA O-methyl transferase (CCoAOMT) and caffeic acid O-methyl transferase (COMT) genes 
involved in lignin biosynthetic pathway. Introduction of RNAi cassettes of both the genes through 
Agrobacterium-mediated transformation in P. glaucum resulted in production of three CCoAOMT and two 
COMT transgenic lines. Reduced expression of both the endogenous genes was observed in all the transgenic 
lines with maximum reduction in CCoT02 and COT07. The transgenic lines also exhibited altered pattern of 
lignin deposition. Among the progenies of T0 transformants, the CCoAOMT transformed line CCoT12.3 and 
COMT transformed line COT17.2 displayed maximum reduction in lignin content by 17.14 % and 18.89 % 
respectively. Moreover, a significant increase in S/G ratio was observed in CCoT12.3 line, (48.27 %) whereas, 
the ratio was found to reduce slightly in COT17.2 compared to control (6.89 %). The biomass of the presently 
generated transgenic lines was increased compared to control which could be related to higher deposition of 
celluloses (56.73 % and 59.32 % for CCoT12.3 and COT17.2 respectively) and soluble sugars (54.8 % and 
63.46 % for CCoT12.3 and COT17.2 respectively) in cell wall. Among the two transgenic lines, COT17.2 
exhibited better saccharification of its biomass (increased ~17 %) compared to control plant. Thus, the present 
study suggested that the developed transgenic plant with suppressed endogenous COMT expression could be 
of better prospect due to favourable alteration of lignin profile, enhanced carbohydrate content and 
saccharification and therefore may facilitate its utilization for better industrial implication in terms of 
bioethanol production. 

 
Keywords: CCoAOMT, COMT, Lignin, RNA interference, Saccharification, Sweet Pearl millet. 
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An efficient acceleration of bunched beam in the presence of consecutive particle 
accelerators depends on the matching of longitudinal length of bunch beam within the RF phase 
acceptance of subsequent accelerators. A minimally-interceptive bunch length detector system 
is design and developed for measurement of longitudinal dimension of the bunch beam from 
RFQ accelerator of the radioactive ion beam (RIB) facility at VECC. The main requirements 
for the detector are good time resolution and a wide range of measurements of bunch beam 
characteristics. The developed detector system is based on secondary electrons emission 
produced by the primary ion beam hitting a thin tungsten wire placed in the beam path. The 
aim of research work is divided in two parts. In first, to design and develop a minimally 
interceptive bunch length detector (BLD) system and use it for measurement of bunch width 
of RFQ beams. This provides help to study of beam dynamics and tuning of RIB accelerators. 
The design, development and optimization of various parameters of bunch width detector 
system along with its deflector cavity applicable in the low frequency region (few tens of MHz) 
have been discussed. In this thesis report the design, development and testing results of 
deflector cavity together with its RF system is also reported. The deflector cavity is a capacitive 
loaded helical type λ/2 resonators driven by RF source of 500W at 37.8MHz solid state 
amplifier, realized by combining two amplifier modules of 300 W each. The measured RF 
characteristics of the resonator, such as frequency, Q value and shunt impedance have been 
found to be reasonably good and close to the analytical estimation and results of simulation. 
The design philosophy and test results of individual components of the amplifier are discussed. 
The test result up to full power shows a good harmonic separation at the individual module 
level and this is found to improve further when modules are combined together. The results of 
high power performance test of the deflector cavity together with amplifier are also reported. 
The bunch width measurement of 98keV/u ion beam accelerated through a 3.4 m long 37.8 
MHz Radio Frequency Quadruple (RFQ) Linac using indigenously developed detector is 
reported. The measured bunch profile of accelerated Nitrogen beam from RFQ is in close 
agreement with the estimated profile obtained via simulation.  

A Channeltron Electron Multiplier (CEM) detector is used for detection of secondary 
electrons of the detector system. The electronic set up placed near the detector system measures 
the electron counts and sends the data to the control room. For this we require high speed low 
jitter serial optical transmitters which rely on a high performance Clock Multiplier Unit 
(CMU). The electronic set-up used for detection and transmission of detector data is also 
exposed to the radiation. Therefore it is necessary that electronics device should be radiation 
hardened. The second part of thesis, the design and development of 2.5 GHz radiation hardened 
CMU has been discussed. Several mitigation techniques are also discussed which have been 
use incorporated during design. The design detail of all building blocks of CMU with has been 
reported. The CMU test chip has been developed using standard o.18μm CMOS technology. 
This characterization of CMU without radiation dose and post radiation dose has been reported. 
The 60Co Gamma chamber has been used as an irradiation source. The different parameters of 
CMU such as frequency, tunability, phase noise and settling time of the CMU have been 
presented and compared with simulation results. It is observed that there is no appreciable 
change in the CMU performance measures up to 400krad which validates our design goal. The 
performance measures are found to change (particularly leakage current) as the level of 
radiation dose is increased above 500krad, however, the clock frequency is observed to be 
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almost stable up to 900krad. The test result gives the information about the dose limit and hence 
the life time of the device in the radiation hazard zone.  

 
Keywords: Beam bunch; Deflector cavity; minimally interceptive method, RF system, 
Radiation hardened, Clock multiplier unit, Total ionization dose. 
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This thesis is concerned with model based online fault diagnosis of automotive spark ignition (SI) 
engine systems. Due to the forward and backward flow of different gas species, combustion process and 
reciprocating piston movements, the engine is a complex dynamical system. Malfunction of even a single 
component or subsystem of the engine can cause catastrophes and control anomalies leading to violation of 
emission regulations. The On-Board Diagnosis (OBD) standards demand the detection of various electrical 
and mechanical faults, but many times the diagnosis methods largely based on mean value engine models 
(MVMs) do not provide required sensitivity, isolability and identifiability for incipient faults. Further, Fault 
Detection and Diagnosis form an important building block of Integrated Vehicle Health Management 
(IVHM), which is being employed in increasingly many complex vehicular systems in recent times. The 
accuracy and performance requirements of diagnosis of automotive engines required in an IVHM again 
demand the use of accurate, quantitative models capturing dynamics of engine variables within the engine 
cycle. However, use of such models limit the online applicability of diagnosis schemes because of the limited 
on-board computational capabilities of the engine control units (ECU). Hence online fault diagnosis of 
engines based on models capturing the within-cycle dynamics, is a relevant area for research.  

This thesis is an attempt to develop computationally attractive engine diagnosis schemes with 
improved fault sensitivity, isolability and identifiability as compared with MVM based existing fault 
diagnosers. This is achieved by examining every stage of model based diagnosis, namely, modelling, 
state/parameter estimation and fault diagnosis. This thesis adopts a hybrid state space modelling approach for 
the SI engine with appropriate choice of system state and fault parameters. For state/parameter estimation, an 
adaptive online estimation scheme based on Extended Kalman filter (EKF) is proposed, and is seen to be of 
comparable accuracy, at a much faster execution, to other nonlinear estimators. Online fault diagnosis 
schemes based on statistical change detection techniques, applied on predicted residuals from the EKF 
estimator under different fault scenarios, are proposed in this thesis. The online computational cost is greatly 
reduced by these techniques.  

 
Keywords: Spark ignition engines, State space modelling, Nonlinear estimation, Adaptive Kalman filtering, 
Fault detection, Fault diagnosis, Fault tolerant control, Integrated Vehicle Health Management, Condition 
based Monitoring, Prognostics and Health Management, Likelihood ratio tests. 
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SURFACE HEALTH MONITORING OF CLEATED CONVEYOR BELTS 
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A non-intrusive system for surface health assessment technique of a cleated conveyor belt is an 
intriguing research issue which has been investigated in this study. The problem is important as intrusive 
systems are costly and difficult to maintain, nonetheless surface health assessment is necessary to reduce 
down time and production losses in conveyor systems by initiating timely action. To address the health assess 
problem, a machine vision based automatic optical inspection (AOI) system has been designed and its 
efficacy is examined through a laboratory based study. The laboratory based prototype of AOI model is 
equipped with a light source, a camera and a laser line projection device mounted on a movable platform 
which is allowed to capture the belt surface data when a belt is kept underneath the inspection assembly. Prior 
to implementation of the above system for belt surface health status assessment, several parameters associated 
with belt scanning process are set. In this connection, the influences of a series of parameters, like imaging 
distance, illumination, inspection speed, camera frame rate and field of view, on the accuracy of dimension 
measurements by the system have been studied through a mixed level full-factorial design of experiment 
approach. The study results for this part of investigation reveal that all the above parameters along with ID * 
FOV (II level) interaction effect influence significantly towards the accuracy of dimension measurement by 
the AOI system. It also appears that setting the parameter values at imaging distance of 60 cm, field of view 
of 75_, illumination of 0 lux, belt speed of 9 cm/s and frames rate at 75/s, the optimum response in terms of 
minimum percentage error for dimension measurements are obtained. Further, in pursuit to improving the 
accuracy of the depth (thickness) estimation by the AOI system, the laser light sectioning process of the setup 
has also been calibrated using a stepper caliber based device. 

Upon completion of AOI system design, the same is implemented for capturing belt surface data of 
four stages of cleated conveyor belt segments collected from Rungta mines as a part of heath condition 
assessment of the above belts. These four stages of belt segments represent three different time of usage of 
the belts such as six months, eight months and twelve months old used in an actual iron ore conveying process 
including an unused fresh belt segment. 

The AOI system is made to capture line scan (depth) and areal scan (color) image data of the belt 
surfaces for the four different stages which are then analysed for belt surface defect detections, and surface 
width wear and thickness wear assessments. 

Prior to this, the belt surface is partitioned into five different regions across the width of the belt, 
viz., belt left edge region, belt left cleat / chevron region, belt middle region, belt right cleat / chevron region, 
and belt right edge region. This is for the interest of assessing differential surface wear as manifested over 
belt surfaces even through visual observations. For surface defect analysis, the defects are segmented from 
the belt images using Otsu’s thresholding based segmentation algorithm. These segmented defects are then 
processed for feature extraction which in turn are used for designing an automatic defect classifier, which 
would classify the defects into any of eight different classes. These defect classes are defined as RIP_1, 
RIP_2, GOUGE_1, GOUGE_2, TEAR_1, TEAR_2, ABRASION_1 and ABRASION_2 in consultation with 
field experts of Rungta mines and clues from literature review. 

A SVM based classifier model has been examined which is trained with a bootstrap sampling based 
approach. The validation of the model on the defect dataset suggests that 91.3% classification accuracy could 
be achieved by this model. 

On a subsequent analysis, the model is trained with two synthetic data set generated by data warping 
and SMOTE to overcome class imbalance (disproportionate number of class instances present in the dataset) 
problem. The model trained separately with 3000 synthetic samples across each class of defects generated by 
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data warping and SMOTE independently, is found to achieve classification accuracy up to 96.8% and 92.3% 
respectively. Hence, it is recommended that data warping based SVM should be used for defect classification 
for further applications. 

In continuation of the study, surface width and thickness assessment has also been done by the AOI 
system. It has been observed that belt surface has suffered differential wear for different regions in the 
following pattern, which is also supported by visual observations. The thickness of the left edge region has 
worn more than that of the right region by 9.7%. The left cleat arms has experienced higher (18.7%) wear in 
thickness than the right cleat arm. Amongst the five designated belt regions, the maximum wear in thickness 
has been observed for the left cleat arms (59.4%). The lowest thickness wear is witnessed over right belt 
region (17%). With respect to belt surface width wear, it has been noticed that the left cleat arms have suffered 
the largest extent of wear (34.5%) compared to any other belt regions. In contrary, the middle belt region has 
witnessed negligible width wear (0.01% only). 

In reference with belt used in the current study, the belt has suffered 41.2% and 0.8% overall 
thickness wear and width wear respectively for a period of twelve months of belt operation. 

A validation exercise has also been carried out to determine the error associated with the estimation 
of belt thickness and belt width by the process, which would place confidence in the estimated values. In this 
pursuit, few physically measurable spots on the belt surface have been marked (20 in number) randomly 
using a marker. These marked spots are physically measured for their dimensions using screw gauge for 
thickness and Vernier calipers for width. The corresponding spots are then segmented from the line scan 
images to estimate their respective dimension for thickness and width values. This validation exercise 
suggests that the mean absolute percentage error for the thickness and width estimations is found to be 0.52% 
and 0.05%, respectively. 

 
Keywords: Conveyor Belt Health Assessment; Cleated Conveyor Belt; Automatic Optical Inspection; Laser 
Light Sectioning; Design of Experiments; Support Vector Machines; Class Imbalance 
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Microbial fuel cell (MFC) is a device that uses bacteria as a catalyst to oxidize organic matter present 

in wastewater to generate electricity and offer treatment to the wastewater. In the present research various 
strategies to improve the coulombic efficiency (CE) and power generation of MFC was studied by proper 
inoculum pre-treatment, anode modification and employing cathode catalyst. Inoculum pre-treatment was 
done to reduce the substrate loss to methanogens by using lauric acid, Chaetoceros sp. dry biomass and 
nitroethane. In the presence of lauric acid pretreated inoculum, MFC produced maximum volumetric power 
density of 4.8 W/m3 and the CE increased from 3.6% (for untreated inoculum) to 11.6%. MFC inoculated 
with Chaetoceros sp. pre-treated mixed anaerobic sludge demonstrated maximum CE of 45.18%, with 
volumetric power density of 21.43 W/ m3 and current density of 93 A/ m3. A sustainable enhancement in CE 
was achieved with intermittent dosing of the marine algae in anodic chamber. The optimum concentration of 
marine algae to be added in an anaerobic sludge for suppressing methanogens to improve power production 
of MFC was evaluated. The performance of MFC increased with increasing concentration of Chaetoceros 
sp. upto 10 mg/ml concentration and noted a gradual decreasing trend with further increase in concentration. 
Chaetoceros sp. can be effectively used both as an electron donor and methanogen inhibitor in MFCs due to 
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its high organic matter content and methanogen inhibition properties. A maximum power density of 15.13 
W/ m3 and CE of 47.25% could be obtained in MFC fed with 2000 mg/l Chaetoceros sp. as substrate. MFC 
inoculated with nitroethane pre-treated anodic inoculum demonstrated a maximum operating voltage of 541 
mV, with coulombic efficiency and sustainable volumetric power density of 39.85% and 14.63 W/ m3, 
respectively.  

Electricity generation from microbial fuel cell (MFC) can be enhanced by proper manifestation of 
electrogenic bacterial growth on the anode surface. Effect of graphene oxide (GO)/Polytetrafluoroethylene 
(PTFE) composite bio-anode and polyaniline modified anode on electricity generation in MFC was 
investigated. MFC using GO/PTFE composite bio-anode demonstrated a maximum power density of 20.52 
W/ m3; whereas, the MFC using carbon felt anode without GO/PTFE modification produced a maximum 
power density of 10.25 W/ m3. The polyaniline (PANI) modified MFC could generate a maximum power 
density of 228 mW/m2 (21.35 W/ m3), which was 1.37 times higher than MFC having bare carbon felt anode. 
Palladium (Pd-C) nanoparticle was used as a cathode catalyst in air-cathode microbial fuel cell (MFC) and 
its performance was compared with MFC using MnO2nano particle as cathode catalyst and MFC without 
any cathode catalyst. A maximum volumetric power density of 6.07 W/ m3 was obtained in MFC using Pd-
C as cathode catalyst. Hence, while treating wastewater and using mixed anaerobic sludge as inoculum pre-
treatment with Chaetoceros sp. is recommended. GO/PTFE or PANI can be used for anode modification and 
Pd nanoparticles shall be used on cathode for improving power produced by MFC while offering 
simultaneous treatment to wastewater.  

 
Keywords: Chaetoceros sp., Coulombic efficiency, Graphene oxide, Lauric acid, Microbial fuel cell, 
Nitroethane, Palladium, Polyaniline. 
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Agriculture and forest are considered to be the major sectors producing a large quantity of surplus 
residues annually. Exploitation of these surplus residues through efficient conversion technologies in terms 
of transportation fuels generation such as ethanol and diesel can reshape the energy scenario. The surplus 
residues are collectively called as lignocellulosic biomass which is composed of lignin, cellulose and 
hemicellulose. Lignin is the major recalcitrant molecule forming a barrier around the cellulose and 
hemicellulose molecules and limiting their access by cellulolytic enzymes for reducing sugars generation. 
Thus, the removal or breakdown of lignin is a pre-requisite to access the cellulose and hemicellulose 
molecules, which envisages the requirement of suitable biomass delignification process. Until now research 
has been concentrated towards removal or degradation of lignin through physical, chemical and physico-
chemical methods followed by ethanol generation. These methods are associated with harmful fermentation 
inhibitors generation, hemicellulose solubilisation, hydrolysate neutralization and thus, polluting the 
environment. 

The novelty in the present work lies on the application of tailor made enzyme for lignin degradation 
that does not produce any fermentation inhibitors, causes minimal hemicellulose solubilisation and no 
hydrolysate neutralization was needed as it operates under mild process environment without any chemical 
agents. The lignin degradation followed by ethanol production processes adopted in the present study are 
eco-friendly and sustainable in nature. A grass species called Saccharum spontaneum (Kans or Sarkanda 
grass) was used as a lignocellulosic feedstock for delignification, saccharification and fermentation that have 
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the capability to grow and colonize the land quickly. It contains high holocellulose (~ 67 %, w/w) that makes 
it as a potential candidate for bioethanol production. Laccase obtained from Lentinus squarrosulus MR13 has 
been used for lignin degradation which has the capability to degrade the phenolic as well as non-phenolic 
subunits in the absence of synthetic mediators. 

Optimization of various influencing process parameters for enzymatic delignification of Kans grass 
resulted in maximum lignin degradation of 81.67 % in 6 h. Saccharification or hydrolysis of delignified 
biomass was carried out using cellulase-xylanase cocktail produced from Trichoderma reesei Rut C30. 
Maximum reducing sugars of 500.30 mg/g was recorded in 5.30 h upon optimization. Various biomass 
processing technologies namely, simultaneous saccharification and fermentation (SSF), partial simultaneous 
saccharification and fermentation (P-SSF) and consolidated bioprocessing (CBP) were adopted in the present 

work. Optimization of different process parameters of SSF, P-SSF and CBP resulted in maximum 
ethanol concentration of 5.34 % (v/v), 8.02 % (v/v) and 7.65 % (v/v) respectively. Scaling up at 5 kg and 25 
kg batches through CBP resulted in 7.7 % (v/v) and 7.95 % (v/v) ethanol respectively. Structural 
characterization and biomass porosity analysis after each stage further substantiates the efficacy of the 
enzymes used for deconstruction and saccharification process. Thus, the results obtained in the present study 
supports the feasibility of the enzymatic venture towards eco-friendly second generation ethanol production 
from Kans grass. 

 
Keywords: Lignocellulosic, Lignin, Holocellulose, Reducing sugars, Fermentation, Ethanol 
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Self-assembly of proteins resulting in the formation of amyloid fibrillar aggregates has emerged as 

a subject of fundamental importance in biomedical research as well as in protein chemistry due to its 
involvement in a number of neurodegenerative disorders. The similarity found between the amyloid fibrils 
formed in vitro and those isolated from pathological conditions has facilitated the scope of investigating the 
amyloid fibrillation process in vitro to understand the molecular mechanisms of amyloidogenesis and also 
the influencing factors involved therein. In this regard, human serum albumin (HSA) has received a 
significant attention as a model protein for the in vitro amyloid fibrillation studies due to its physiological 
importance and also its tendency to easily form amyloid fibrils under modified solution conditions.  

The thesis consists of seven chapters. Chapter 1 provides a brief overview of amyloid fibrillation 
and the rationale behind the present work. The work in the thesis is focussed on the modulation of HSA 
fibrillation by differently functionalized nanoparticles of various core compositions and physicochemical 
properties and also disruption of the preformed amyloid fibrils of HSA by the application of the alternating 
current (AC) electric field. All the details about the materials and methodologies used for the studies have 
been described in Chapter 2. Chapter 3 illustrates the effect of bare and functionalized (aminated and 
carboxylated) magnetic MnFe2O4 nanoparticles on the HSA fibrillation process. The electrostatically more 
favored interaction between HSA molecules and the amine functionalized MnFe2O4 nanoparticles is found 
to cause the most effective inhibition of the development of HSA fibrillar species compared to the others. In 
Chapter 4, the effect of surface chirality of the gold nanoparticles, induced by the two enantiomeric forms 
(i.e. D- and L-) of glutamic acid, on the fibrillation process of HSA is explored where D-glutamic acid acid-
mediated gold nanoparticles exhibit greater efficiency in inhibition of the HSA fibrillation in comparison to 
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its counterpart. The surface chirality of the gold nanoparticles is found to affect the protein adsorption 
dynamics including the modes of orientation of adsorbed HSA molecules, causing the inhibition of fibrillation 
to different extents. In Chapter 5, the mechanistic details about both the interaction behavior of the silver 
nanoparticles, synthesized using nontoxic and biodegradable chitosan as a reducing and stabilizing agent, 
with HSA and also the effect of the nanoparticles on the amyloid fibrillation of the protein have been 
discussed. The formation of a stable bioconjugate by chitosan-based silver nanoparticles through spontaneous 
binding to HSA is considered to be the reason for the hindrances in protein self-assembly process leading to 
the appreciable reduction in amyloid fibril formation. Additionally, cytotoxicity and hemolytic assays have 
been performed to ensure the biocompatibility of the nanoparticles within the application limit. Chapter 6 
describes the effect of oscillation induced by a frequency-dependent AC electric field on preformed amyloid 
fibrils of HSA. The experimental results suggest that the frequency of the applied AC field plays a crucial 
role in the disruption of preformed HSA fibrils. It appears that the shape deformation induced hydrodynamic 
flows inside the fibril droplets and the torque induced by the intrinsic electric dipoles of protein due to their 
continuous periodic realignment in presence of the AC electric field augments the destruction of the fibrillar 
species. Chapter 7 summarizes the key findings from the research work presented in Chapters 3 to 6 followed 
by the contribution of the thesis and certain scopes of future research in this field.  

 
Keywords: Amyloid fibrillation; Human serum albumin; Modulation of fibrillation, Functionalized 
MnFe2O4 nanoparticles, Gold nanoparticle surface chirality, Chitosan-based silver nanoparticles, AC electric 
field, Disruption of fibrils 
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In the present world, the energy demand is increasing due to rapid industrialization and urbanization. 
The non-judicious use of fossil fuels has dented the environment by escalating global warming. In order to 
develop clean energy, a holistic approach is quintessential towards achieving feedstock, environmental and 
economic sustainability. Present study embarks the idea of developing biohythane production from 
lignocellulosic wastes for gaseous energy generation with simultaneous bioremediation. Lignocellulosic 
wastes are widely available, renewable and non-toxic. Moreover, efficient and cost effective production of 
biohythane from lignocellulosic wastes depends on the selection of a suitable pretreatment technique and the 
type of inoculum. Pretreatment steps are required to reduce the lignin content and decrease the recalcitrant 
structure of lignocellulosic biomass. Acidogenic mixed consortia was developed from cow dung after various 
inoculum pretreatments. Experiments were design to enumerate the variation in hydrogen production using 
different pretreated inoculum. The heat shock pretreatment (100 °C, 10 min) showed significant improvement 
in H2 production. The process was validated using modified Gompertz model (R2> 0.99). The suitable pH, 
temperature, YE concentration and C/N ratio were determined in batch system. At suitable physico-chemical 
parameters (pH 6.5, 37 °C, YE 3 g/L and C/N ratio 26), the maximum cumulative H2 production and yield of 
3220 ± 40 mL/L and 2.6 ± 0.05 mol/mol glucose, respectively were observed. Statistical analysis using 
Taguchi design showed that C/N ratio had the most influential parameter towards H2 production. The PCR-
DGGE analysis indicated the dominance of Clostridium sp. in the mixed culture. The maximum methane 
production and yield of 1641 ± 36 mL/L and 1.86 ± 0.04 mol/mol acetic acid were observed using 
methanogenic mixed consortia at suitable process conditions (pH 7.5, 35 °C and A/B ratio of 2:1). Different 
lignocellulosic wastes viz. sugarcane bagasse, sugarcane top and water hyacinth were explored as feedstock 
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for biohythane production. Chemical and biological pretreatment were used to reduce the lignin content of 
sugarcane bagasse and sugarcane top. The maximum lignin removal of 89 ± 3.5 % (w/w), 74.6 ± 1.7 % (w/w) 
and 60.4 ± 2.3 % (w/w) were observed using alkaline hydrogen peroxide (NaOH 1 % w/v, H2O2 2.5 % v/v, 
50 °C, 150 min), sodium hydroxide (0.5N, 50 °C, 60 min), and Pleurotus pulmonarium MTCC 1805 (21 d, 
SSF), respectively. Various analytical techniques viz. SEM, XRD, FTIR and confocal microscopy were used 
to confirm the removal of lignin. Further, potentiality of pretreated lignocellulosic biomass was evaluated 
towards biohythane production. The present study emphasised that, pretreated sugarcane bagasse and 
sugarcane top gave maximum hydrogen yield of 93.4 ± 2.2 mL/g-VS and 84 ± 5.4 mL/g-VS, respectively in 
batch process. The overall gaseous energy recovery as well as substrate conversion efficiency were improved 
using spent medium of dark fermentation for 2nd stage biomethanation process. Water hyacinth leaves are 
rich in proteins and microelements and was found suitable for the biohythane production. To achieve the 
higher rate of hydrogen and methane production, continuous biohythane production was studied in pack bed 
(H2 stage) and continuous stirrer tank reactor (CH4 stage). The maximum hydrogen and methane production 
of 15 ± 2.7 g/kg COD and 195 ± 10 g /kg COD, respectively were observed with COD removal of 89 %. This 
improved the total gaseous energy recovery (62 %). The material and COD analysis of biohythane production 
indicate the potentiality of the process for the gaseous energy recovery from lignocellulosic wastes.  

 
Keywords: biohydrogen; biomethane; biohythane; dark fermentation; spent medium; mixed culture; 
lignocellulosic waste; pretreatment; medium optimization; Taguchi design; gaseous energy; material 
analysis. 
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Use of inedible starchy food grains is rather considered as preferred substrate, yielding higher 

percentage of ethanol and generating wastewater called thin stillage. Grain thin stillage is comprised of high 
chemical oxygen demand (COD) as 40 – 60 g/l, high total suspended solids (TSS) as 25 – 30 g/l and acidic 
pH of 3.4 – 4.1. Conventionally practised wastewater treatment includes sequential anaerobic-aerobic 
processes, concentration or evaporation and incineration; however, these are unable to offer a sustainable 
treatment solution to achieve wastewater inland disposal norms for distillery wastewater. Researchers have 
explored advanced treatment processes; however, most of the case studies were reported in lab-scale. 

A systematic effort has been made in this research to establish a two-stage novel, effective and 
advantageous process involving biodegradation of thin stillage by filamentous fungi Aspergillus awamori, 
which is followed by further treatment of effluent in microbial fuel cell (MFC). Development of statistical 
and bio-kinetic model equations for fungal biodegradation of thin stillage and recovery of bio-polymer 
chitosan as by-product was intended to add value to the developed process. It was also aimed to enhance 
power generation in MFC by suppressing methanogenic Archaea with low-cost tricho-toxin peptaibiotics, 
derived from Trichoderma sp. 

Statistical model equations were derived by using full factorial design, where fungal growth 
parameters were optimized for biodegradation of thin stillage as air flow rate of 1200 ml/min, fungal 
incubation time in the range of 108 - 120 h and initial total solids concentration in substrate thin stillage as 
14.8 g/l, which were found to be the most significant fungal growthlimiting factors and response curves were 
expressed as 95% confidence interval. Fungal biodegradation kinetics and mass balance equations were 
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successfully derived and extraction of chitosan from the cell wall of fungal mycelia cultivated in thin stillage 
wastewater was also demonstrated. Combined fungal biodegradation-MFC treatment attained around 99% of 
organic removal efficiency, to produce treated wastewater with 80 to 100 mg/l of Biochemical oxygen 
demand (BOD), meeting the inland disposal standards for irrigation. Almost complete inhibition of Archaea 
was achieved in inoculum of MFC when treated with Neoatroviridin (AD), demonstrating 9.68 W/m3 of 
power density (PD) with 53.5% coulombic efficiency (CE) and 12.5 W/m3 of PD with 21% of CE, while 
using non-fermentable acetate wastewater and fermentable fungal pre-treated distillery wastewater as 
substrate, respectively, in MFC. It is also estimated that the net equivalent power, generated by employing 
MFC for further treatment of fungal pre-treated wastewater, is 1.4 times higher as compared to the power 
that can be obtained from electricity derived from the generated methane in bio-methanation process while 
treating raw distillery wastewater. 

 
Keywords: Chitosan recovery; Distillery wastewater treatment; Fungal biodegradation; Methanogenic 
suppression; Microbial fuel cell; Peptaibiotics; Statistical optimization; Twostage process 
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This thesis presents various new frameworks of rotation invariant texture feature extraction and 
addresses the problem of texture feature extraction from an arbitrary shaped region of interest (AROI). New 
feature extraction techniques aim towards the development of a content-based image retrieval (CBIR) system 
using texture features. 

A promising multi-resolution based rotation invariant texture feature extraction technique is 
introduced by performing multi-resolution analysis with respect to a reference axis defined as principal 
texture direction. The independent representation of energies and standard deviation of filter responses along 
various directions enriches the texture feature and consequently improves the retrieval performance over the 
existing rotation invariant multi-resolution based techniques which achieve rotation invariance by averaging 
the direction sensitive filter responses. This improvement is significant for anisotropic textures in case of 
rotated texture database. 

Recent studies on the biological model of vision [2] reveal that the neurons in primary visual cortex 
are sensitive to intensity gradients at a particular orientation and spatial frequency. Inspired by the biological 
model of vision, this work attempts to develop a feature extraction framework that extracts texture feature by 
analysing the spatial distribution of intensity gradient magnitude and gradient angle (measured with respect 
to principal texture direction) along with that of intensity. The experimental analysis confirms the fact that 
significant texture information is associated with the spatial distributions of both the gradient magnitude and 
gradient angle and both these distributions are texture images of their own right. Texture feature obtained by 
analysing the spatial distribution of intensity, gradient magnitude and gradient angle is more enriched 
compared to that obtained by analysing the spatial distribution of intensity alone. 

Most of the existing work on texture feature extraction has been done using rectangular images. 
However, many real life pattern recognition problem require texture feature to be independent of the shape 
of the arbitrary shaped region of interest (AROI). This work introduces a new texture feature invariant to the 
shape of the AROI and the orientation of the texture inside it. The proposed approach is based on analysis of 
joint distribution of intensity, intensity gradient magnitude and intensity gradient direction exclusively within 
the AROI. The joint distribution of intensity, gradient magnitude and gradient direction represents a global 
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characteristic of the texture independent of the shape of the AROI and intimates the co-occurrence of 
intensity, gradient magnitude and gradient direction. Analysis of the spatial distribution of intensity, intensity 
gradient magnitude and intensity gradient direction exploits the local information of the texture. This thesis 
introduces an enriched version of texture feature obtained by fusing the texture features derived from the 
analysis of the spatial distribution of intensity, gradient magnitude and gradient angle and texture feature 
derived from their joint distribution. Retrieval performance of the proposed texture feature extraction 
techniques were compared with some established state of the art techniques. A content-based medical image 
retrieval (CBMR) system for interstitial lung disease has been developed as a real life application of the 
texture feature extraction techniques proposed in this thesis. 

 
Keywords: arbitrary shaped region of interest (AROI), content-based image retrieval, co-variance matrix, 
dual tree complex wavelet (DT-CWT), dual tree rotated complex wavelet filter (DT-RCWF), Gabor wavelet, 
intensity gradient, intensity gradient magnitude, intensity gradient direction, joint distribution, local binary 
pattern (LBP), maximum response (MR8) filter, principal texture direction, spatial distribution, texture 
analysis, texture feature, uniform pattern 
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Speech is an efficient medium of communication in human-human, human-machine and machine-
mediated human-human interactions. The development of accurate, robust and versatile speech recognition 
models is an integral part of automating machine operations in human-machine interactions. Although state-
of-the-art ASR models perform well in case of isolated word recognition, their performance level is not 
satisfactory in case of continuous speech. The conversion between spoken and written language associated 
with ASR systems using the written language lexicon involve lot of ambiguity at the lexical and syntactic 
levels. It is, therefore, desirable to develop a spoken language lexicon based on higher level linguistic 
information that can be satisfactorily used by ASR systems handling continuous speech. However, the 
accurate detection of spoken word boundary in continuous speech poses serious challenge. The 
suprasegmental parameters or prosodic features of speech like fundamental frequency, stress, duration, etc. 
indicate the prosodic word boundaries which exactly match with spoken word boundaries but may not 
coincide with the written word boundaries. In this thesis, we propose a new method for the detection of 
prosodic word boundaries in Bengali continuous speech using the fundamental frequency contour. 

Since Bengali is a bound-stressed language where the first syllable is always stressed, the 
fundamental frequency contour in continuous speech is characterized by a rising pattern at the beginning of 
every prosodic word. This feature is utilized to detect the prosodic word boundaries by applying the empirical 
mode decomposition technique on the logarithmic fundamental frequency pattern. In the present work, we 
investigate the improvements that can be achieved in phoneme recognition and classification for continuous 

speech by incorporating the phonological features such as place and manner of articulation into the 
recognition model. It is found that the classification of phonemes based on the place of articulation is difficult 
due to the relatively small duration of the transitory segment in the phonemes. Such difficulties in phoneme 
classification are reduced by using the manner of articulation as a basis. The phonemes are classified into 15 
separate groups comprising one or more members based on distinct sets of robustly identified manners. These 
groups are used in labeling the prosodic words to generate pseudo words that redefine the basic units of the 
prosodic word dictionary. These newly defined units, which may contain one or more prosodic words, are 
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known as cohorts. While an unique cohort (consisting of a single prosodic word) directly identifies the 
constitutive prosodic word, we have developed a lexical expert system based on the classification of vowels 
that can identify the prosodic words in all other cohorts (consisting of multiple prosodic words). 

Our speech recognition model for Bengali continuous speech gives an overall accuracy of 92.07% 
in prosodic word boundary detection, and, 87.8% and 82.5% respectively in the training and testing phases 
of phoneme classification. We have achieved an accuracy of 98.9% while classifying phonological features 
based on the manner of articulation as compared to only 50.2% while classifying based on the place of 
articulation. We find that 4633 cohorts represent the 5031 prosodic words of the developed spoken language 
lexicon. Our method of labeling the prosodic words based on the manner of articulation and use of the lexical 
expert system based on vowel classification is found to give an overall recognition accuracy of 93.9%. 

 
Keywords: Prosodic features; fundamental frequency; prosodic word boundary; spoken word lexicon; 
phoneme confusion matrix; manner-based labeling. 

 
 

IMPACT OF SOIL MOISTURE ON SIMULATION OF BAY OF BENGAL 
TROPICAL CYCLONES AFTER LANDFALL: OPTIMIZATION OF NOAH 

LAND SURFACE MODEL 
 

Anwesha Bhattacharya 
Supervisor: Dr. ANV Satyanarayana 

Centre for Oceans, Rivers, Atmos. and Land Scs. 
Accession No.: NB16113 

 
The present study investigates the impact of soil moisture and soil temperature (SMST) on the 

simulation of two Bay of Bengal cyclones (a pre-monsoon cyclone Aila and a post-monsoon cyclone Phailin) 
after landfall by employing Weather Research and Forecasting (WRF) Model. The results reveal that a cooler 
(warmer) soil surface generates a smaller (larger), more (less) intense cyclone approaching land that moves 
faster (slower) over land. After landfall, wetter soil allows the cyclonic system to persist for longer time than 
drier soil. SMST are provided to WRF as lower boundary conditions (LBC) by the Noah Land Surface Model 
(LSM). The LSM needs to come to an equilibrium state through the process of spin-up for the better 
simulation of LBC. An attempt is made to understand the influence of land surface parameters and forcing 
parameters on the model spin up behavior of an offline one-dimensional Noah LSM, over the Indian 
subcontinent in different seasons. A principle component analysis has been carried out to identify the 
parameters that have a dominant influence on the model spin-up. The simulation skill of the one-dimensional 
Noah LSM is evaluated using available in-situ measurements of SMST at two sites in India, Kharagpur 
(22°3′N, 87°2′E) and Ranchi (23°25′N, 85°26′E). The model shows dry bias in the monsoon and a wet bias 
in spring and winter and appears to have as lower infiltration rate and higher evaporation rate. Numerical 
experiments are performed by using different combinations of surface runoff parameter (RefKdt) and the 
land-atmosphere coupling strength (represented by the Zilitinkevich coefficient CZIL) in Noah LSM. Based 
on validation exercises with available observations, an optimum value of CZIL and RefKdt are proposed for 
each season. These values are incorporated in a customized WRF model and the subsequent simulations of 
the two cyclones are compared with control simulations. The results reveal that the optimized, weaker land-
atmosphere coupling leads to improved simulations in both cyclone cases. The present study advocates the 
importance of optimizing LSM in terms of CZIL and RefKdt using a network of in-situ observations for 
possible improvement in the mesoscale simulation of cyclones after landfall.  

 
Keywords: Soil moisture, Noah Land Surface Model, Spin-up time, WRF model, Landfalling cyclone, Land-
atmosphere coupling strength, Runoff. 
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Plant diversity plays a dominant role in affecting the key ecological processes i.e., primary 

productivity, regulation of climate and hydrological cycle, maintenance of atmosphere, water and soil 
fertility, and the ecosystem health. However, the impact of contemporary climate and other threats (warming, 
deforestation, invasion etc.) on species has led to serious biodiversity crisis. India, one amongst the 12 mega-
biodiversity countries of the world, harbours most unique species rich areas within ten biogeographically 
distinct zones. Understanding the distribution pattern of species and ability to predict them in space and time 
are thus imperative to meet the convention on biological diversity (CBD), Aichi biodiversity targets for 2020.  

The main objective of this study is to analyse the distribution of plant species in present and future 
perspective and the putative determinants in different biogeographic zones of Indian mainland. A 
comprehensive national database on plant species from the project ‘Biodiversity Characterization at 
Landscape Level’ was utilized to generate the maiden plant richness map at 1˚ grid level for the first time. 
The sampling sufficiency was evaluated at the 1˚ and 2˚ spatial grid levels at acceptable threshold limits (60% 
to 80%). Plant species richness was then related with a widely used set of climate, edaphic, topographic and 
disturbance variables via different statistical modelling approaches. The performance of individual model 
e.g. generalized linear model (GLM), generalized boosted model (GBM), random forest (RF) and support 
vector machine (SVM) was compared against their ensembles. The species distribution was predicted for 
future scenarios of climate using two different representative concentration pathways (RCP4.5 & RCP8.6).  

Clench model was significantly fitted (p < 0.001) at both the grid levels, with a very high coefficient 
of determination (r2>0.95). At an acceptable threshold limit of 70%, almost all the grids at the 2˚ level and > 
80% of the grids at the 1˚ level were found to be sufficiently sampled. Sampling sufficiency was scale 
dependent as greater number of 2˚ grids attained asymptotic behaviour following the species–area curve.  

This study revealed that majority of the selected variables were related to water and energy (r>40%), 
which is consistent with the widely documented trend of plant species driven by water-energy dynamics. 
Individually, water and temperature variables could show an agreement between 10% and 90% for different 
zones, which enhanced for their combination (40% to 95%). The ensemble model improved the results with 
a significant reduction in the RMSE and increase in correlation coefficient. Elevation, vegetation indices, soil 
organic carbon (SOC) and human influence index, at individual level, could show their significant influence 
(r>25%) in deriving species distribution for different zones.  

Continuous loss of species richness was predicted for both the future climate scenarios during 2050 
and 2070. The semi-arid and arid zone showed maximum probability (69% and 52.5% grids) of species gain 
while, north-east zone showed maximum probability of species loss (80% and 93% grids) for these scenarios.  

The present study proposes to lay out quadrats at 1° grid level on a priority basis for the under-
sampled grids (46;16.6%), on the basis of heterogeneity and area of vegetation. In addition, this study 
proposes to set up conservation priority at the 1° grid level, on the basis of available area of vegetation, 
species richness, human influence index, protected area and probable loss and gains in species richness in the 
future. The database generated from this study will be helpful in linking and harmonizing various themes of 
raster data and can be aggregated at multiple resolutions to use them in relational database management 
systems. 
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The present work is mainly focused on the observational and mesoscale prediction of leading 

convective line trailing stratiform (TS) squall lines, over the Gangetic West Bengal (GWB) region of India, 
during pre-monsoon months. For this purpose, analysis of field observations obtained from Severe 
Thunderstorm Observations and Regional Modeling (STORM) programme has been performed. The analysis 
reveals the presence of typical surface pressure variations such as pre-squall meso low, meso high and wake 
low. Numerical experiments performed using a high resolution mesoscale model, ARW-WRF, have 
demonstrated reasonable skill in capturing the aforementioned features. In order to improve the model 
simulations of TS squall lines, the model is customized over the study region through sensitivity study on 
cloud microphysics (MP), planetary boundary layer (PBL) and cumulus convection parameterization (CP) 
schemes. Based on observational validation and statistical analysis, the results reveal that TS squall lines are 
reasonably simulated with the combination of Quasi-Normal Scale Elimination PBL, Grell-Divenyi ensemble 
CP and Morrison MP schemes. Further, an attempt is made to improve model initial conditions and 
subsequent forecast through assimilation of conventional (surface and upper-level synoptic observations) and 
non-conventional (Radar reflectivity and radial velocity) data with different assimilation cycle period (cold 
start and cyclic mode). To verify the impact of data assimilation, a control experiment (CTRL) without data 
assimilation is also performed. Model simulated results indicate that the model initial conditions and 
subsequent forecast is noticeably improved with the assimilation of conventional and non-conventional 
observations mentioned above. The results reveal that the cold start mode shows better results than that of 
cyclic and CTRL experiments. It is seen that the assimilation of radar data has a positive impact on both the 
position of convective cells as well as the rainfall simulated for the analyzed event. Finally, the performance 
of the customized ARW-WRF model with improved initial conditions (assimilation of available 
observations) is assessed towards predictions of the thunderstorms in 2013. The results indicate that the TS 
squall lines are reasonably well predicted by the customized model. The present study advocates the utility 
in the improved simulation of TS squall lines over GWB region of India.  

 
Keywords: TS Squall line, Gangetic West Bengal, WRF, cloud microphysics, cumulus convection, planetary 
boundary layer, radar data assimilation 
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The surface circulation in the Bay of Bengal (BoB) is unique due to the influence of seasonal reversal 

of monsoon winds and large amount of fresh water influx from various rivers. In addition, the basin 
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circulation is also significantly influenced by the equatorial wind anomalies associated with the interannual 
climate mode Indian Ocean Dipole (IOD) through its remote and local forcing. The western part of the BoB 
circulation is sensitive to the variability in all time scales with the formation of northward flowing Western 
Boundary Current (WBC) during February-May and southward flowing East Indian Coastal Current (EICC) 
during August-December. Although the seasonality of the BoB circulations are well investigated, a little is 
known about its interannual variability.  

In this study, the interannual variability of boundary currents, mesoscale eddies and Mixed Layer 
Depth (MLD) in the BoB are studied comprehensively using the measurements and high resolution Regional 
Ocean Modeling System (ROMS) simulation. The automated eddy detection and tracking technique reveals 
two distinct eddy productive zones in the western BoB: offshore of Visakhapatnam dominated by the 
anticyclonic eddies (ACEs) and the northern part of western BoB, where the cyclonic eddies (CEs) are more 
frequent. The ACEs generally move westward, whereas the CEs tend to follow southwestward and southward 
along the western coastal region of BoB. The CEs are more energetic and persists longer than ACEs. The 
occurrence of eddies was more during the positive IOD (pIOD) years 1997-1998 and 2006 as compared to 
other years. Analysis of model simulations from 2006-2012 shows that the EICC is more sensitive than the 
WBC to the IOD signals. It is found that the strength of EICC was ~5 Sv in October 2010 but a weaker EICC 
dominated by the eddies was observed in October 2006. During pIOD year 2006, the strong easterly winds 
over the equatorial IO result in low SSH and drive anomalous upwelling Kelvin waves (KWs) throughout the 
summer and autumn. So the second downwelling coastal KW is completely absent and it makes the EICC 
disorganized. The study on MLD reveals that the southern BoB is largely affected by the intensity of seasonal 
winds, whereas the negative heat flux contributes significantly to the deepening of MLD in the northern BoB. 
In 2006, MLD was shallow, but the negative phase of IOD is associated with deepening of MLD in BoB. The 
anomalous upwelling (downwelling) KWs and the reflected Rossby waves in the central BoB during the 
pIOD (nIOD) year 2006 (2010) rise (suppress) the thermocline and produce shallow (deep) MLD. The 
positive net heat flux at the air-sea interface also plays a dominant role in shoaling of the MLD as shortwave 
radiation increases and exceeds the latent heat flux cooling during this period.  

 
Keyword: BoB, Mesoscale eddy, ROMS, IOD, WBC, EICC, MLD. 
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The work presented in this thesis is devoted to the study of geodesic focusing and energy conditions 

in general relativity and modified theories of gravity. Using the well-known Raychaudhuri equations, one 
can show how geometric features of a given spacetime as well as shear and rotation, governs the focusing or 
defocusing of geodesic congruences. If rotation is set to zero, the convergence condition (timelike or null) 
emerges as a geometric condition for focusing. 

Physical requirements on matter stress-energy (eg. positivity of energy density in any frame of 
reference), lead to the various energy conditions as independent inequalities, which must hold, at least in a 
classical context. The convergence conditions are related to the energy conditions in different ways (for 
general relativity/modified gravity), through the field equations of a given theory. In general relativistic 
spacetimes, a violation/satisfaction of the convergence conditions for geodesic congruences directly leads to 
a violation/satisfaction of the energy conditions on matter. In contrast, in certain spacetimes which arise as 
solutions in some modified theories of gravity, violation of the convergence condition on geodesic 
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congruences may be possible with matter satisfying the energy conditions. The threads that link the 
convergence conditions, shear and rotation, energy conditions and focusing constitute the central theme of 
this thesis. 

To this end, we first provide a starter by looking at families of trajectories and the analog of focusing 
in classical mechanics. We then move on to studying focusing issues in a known general relativistic, non-
static spacetime modeling gravitational collapse of a massless scalar field. Thereafter, we shift to modified 
gravity and choose to look at wormhole spacetimes which are known to require exotic (energy condition 
violating) matter in the context of general relativity. We show that in two different modified theories of 
gravity– Eddington-inspired Born-Infeld gravity and an on-brane scalar-tensor theory – there exist 
wormholes with matter satisfying the energy conditions though the wormhole geometries necessarily violate 
the convergence conditions. Finally, we explore a possible link between gravitational lensing and the energy 
conditions, in brief. The thesis ends with a summary of the main results and the scope of future investigations. 

 
Keywords: general relativity, geodesic focusing, classical mechanics, energy conditions, convergence 
conditions, modified gravity, wormholes, gravitational lensing. 
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This thesis showcases studies on certain aspects of spectral stability of nonlinear waves in a class of 

dynamical systems. We are interested to study the linearized operator that can be obtained from the resulting 
small perturbations in the initial condition of the wave solutions for all positive times. The spectrum of the 
linearized operator would provide clues to the stability of solution of the unperturbed nonlinear systems. 

In the past decades, a number of methods have been introduced to construct analytical wave 
solutions for nonlinear partial differential equations. However, the analysis and physical interpretation of the 
solutions are few (such as interaction of solutions, superposition, stability of the obtained solutions, etc.). We 
analyze some of the special class of solutions which are known analytically, constant at infinity and the 
derivatives vanishes at infinity. Our focus is to use the Evans function to find the spectral stability of wave 
solutions numerically. First two chapters of this thesis are devoted to studying the one-dimensional reaction-
diffusion equation and reaction-diffusion-advection equation. Analysis of the solutions for different 
parameters reflect some specific characters of the nonlinear wave solutions such as, stationary to traveling, 
both kink and antikink solutions having same wave speed, etc. 

In the next two chapters, we consider the biological phenomenon of aneurysm, and study the onset 
of bifurcation and the spectral stability of nonlinear wave solution. We model a perivascular supported arterial 
tube and derived the bifurcation criterion. This model has relevance to the study of an aneurysm in blood 
vessels. It is observed that the surrounding soft tissues can substantially delay the onset of bifurcation through 
a subcritical jump in circular distension at bifurcation with increasing tissue stiffness. The presence of 
subcritical and supercritical jumps in solution bifurcation with variation of tissue stiffness and anisotropy has 
been pointed out. A study of the effect perivascular stiffness on the solution of evolution equation of 
perturbations using the Evans function has been carried out. In summary, the work in this thesis, is an attempt 
towards exploring some of the features of the spectral stability of solutions in a class of continuous dynamical 
models. 

 
Keywords: Dynamical systems, linear operator, spectral stability, wave solutions, Evans function, stiffness, 
exterior algebra 
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Cryogenic turboexpander constitutes one of the vital components of Claude cycle based helium 
refrigerators and liquefiers that are gaining increasing technological importance. The unique characteristics 
of helium turbines like smaller dimensions and higher rotational speeds and the low residence time of helium 
within the flow passage make the flow features in these turbines different fromother turbines. For any 
improvement in efficiency, a detailed study of the turbine flow field is required. This should include the 
identification of the sources of losses and the geometrical parameters that affect these losses. Also, the 
analysis can be extended to modify the established turbine design methodologies. Computational Fluid 
Dynamics analysis is an effective tool for the determination of the flow fields in cryogenic turbines, that is 
often not possible through experiments. 

In the present work, three-dimensional flow field analysis of a cryogenic heliumturbine was 
performed using Ansys CFX®, to analyse the effects of various geometrical parameters on the turbine 
performance and to develop physical based loss correlations that can accurately predict the performance loss. 

Through the detailed analysis at the design and off-design conditions, the tip clearance height, the 
trailing edge profile and the straight duct length was identified as the major geometric parameters associated 
with the losses. The tip leakage loss characteristics in cryogenic helium turbines were found to be different 
from large-scale turbines as the tip leakage vortex was observed to have a greater effect on the mainstream 
flow. Through analysis of the effect of trailing edge thickness, the throat blockage due to boundary layer 
thickness was found to be negligible. An increase in trailing edge thickness above 3% pitch was found to 
result in a significant drop in turbine performance. 

The study also verified the prediction capability of existing empirical loss correlations and 
modifications were suggested for its applicability in heliumturbines. 

The thesis identified the major loss generation mechanisms and the associated geometric parameters 
leading to design recommendations and formalising loss correlations for meanline performance analysis. The 
outcomes of the thesis can be used to improve the meanline design methodology for high-speed cryogenic 
heliumturbines. 

 
Keywords: Cryogenic turboexpander,Microturbine, Computational fluid dynamics, losses, loss correlations. 
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Efficient thermal management is one of the primary bottlenecks faced by many diverse industries, 
including electronic packaging, integrated circuits, microelectronics, high power electronic devices etc. With 
the integration of the microelectronic circuits increasing day by day, more and more heat is produced when 
the circuit operates. The generated heat must be dissipated away in time to prevent over-heating. This requires 
that the packaging materials must have high thermal conductivity to dissipate the generated heat and low 
coefficient of thermal expansion to match with that of silicon, besides traditional physicomechanical 
properties. Polymers reinforced with thermally conductive particulate-fillers are widely used for heat 
dissipation application in electronic packaging of integrated circuits, because of their high thermal 
conductivity, low coefficient of thermal expansion and light weight. Polymer nanocomposites have attracted 
great attention of several researchers due to their improved properties compared to the conventional 
microcomposites. Owing to the several outstanding intrinsic properties of nano-sized particulate-fillers, (< 
100 nm), polymer nanocomposites are expected to show unprecedented property improvements, especially, 
at low filler concentrations. In the present program, HDPE thermoplastic polymer-matrix reinforced with 
various vol.% loading (0-20vol.%) of inorganic AlN nano-particles have been prepared through melt-mixing 
method followed by compression moulding and hot pressing process. Detailed investigations of the 
reinforcement effect of inorganic AlN nanoparticles on the micro-structural, topographical, thermal stability, 
non-isothermal degradation kinetics as well as on the thermal degradation kinetic mechanisms of the HDPE 
polymer nanocomposites (PNCs) have been performed using XRD, DSC, HR-TEM, FEG-SEM, AFM and 
TG-DTG respectively. In addition, nano-mechanical properties using both static and dynamic depth-sensing 
indentation (DSI) techniques for all the prepared HDPE/nano-AlN composites have been studied in detail. 
Effective thermal conductivity (Keff) and finite element modelling (FEM) of pure HDPE and nano-AlN 
particle filled HDPE polymer nanocomposites have also been investigated. 

 
Keywords: HDPE / nano-AlN, Polymer nanocomposites, Thermoplastic polymer-matrix, Inorganic AlN 
nanoparticles, Melt mixing method, Micro-structural, Topographical, Thermal stability, Non-isothermal 
degradation kinetics, Kinetic mechanisms, Depth sensing indentation, Nano-mechanical properties, Density, 
Thermal conductivity, Finite element modelling. 
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The rapid growth in electrical power generation to match the increasing demand is resulting in a 

threat of higher level of fault current which may cross the rated capacity of connected circuit breakers (CBs). 
Hence, there is a need to limit the high fault currents to a safe level (rating of the CB) by means of resistive 
type superconducting fault current limiters (R-SFCLs) which are compact and efficient. The R-SFCL imposes 
zero impedance during healthy condition and high impedance during fault conditions to protect the expensive 
CBs. Recent advances in reliable production of long length HTS tapes have resulted in commercial 
application of RSFCLs in electrical utility network. HTS tapes are mainly categorized into two types namely 
1st generation (1G) HTS (Bi2223 based) and 2nd generation (2G) HTS (YBCO based). These 2G HTS tapes 
perform better than 1G HTS tapes and hence are more suitable for SFCL applications in view of high critical 
current density, uniform current distribution, high ‘n’ value, high normal state resistance, low AC losses, 
large heat transfer area, high thermal diffusivity and quick recovery against thermal instabilities. At present, 
stabilizer-free (SF) coated conductors (CCs) are also available for R-SFCL applications which have higher 
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normal state resistance when compared to CCs with metallic stabilizer. However, while selecting the HTS 
tapes for R-SFCL, it is required to know their averaged material properties that can affect the performance 
of the SFCL during normal state operation. The present work focuses to evaluate averaged thermal, electrical 
properties and hysteresis losses (0-3T, 35K-77K) of 1st generation (1G) Bi2223 HTS tapes and 2nd generation 
(2G) YBCO based CC tapes in order to establish selection criteria of HTS materials to be used for RSFCL 
application. Experimental AC fault limiting behavior, maximum resistance attained during AC over-current 
operation and response time of available HTS tapes are compared to re-confirm the selection of a suitable 
superconductor in R-SFCL application. In addition, uniformity of current distribution in AC over-current 
treated best long HTS tape is measured using non-destructive critical current (Ic) measurement technique 
with a static hall probe measurement. Scanning Hall probe microscopy (SHPM) of short HTS tape at fully 
penetrated state is carried out to reconfirm uniform current density distribution before and after AC over-
current exposure. After that, using the averaged material properties of the best HTS tape, a low voltage and 
a medium voltage R-SFCLs (440V/880A, & 3.3kV/200A single phase) are conceptually designed along with 
their cryogenic systems to estimate limiting current, response time, maximum resistance attained during fault 
limitation and total thermal load. Finally, a laboratory scale R-SFCL (single phase, 5 Vrms / 400 Arms) is 
developed and tested to realize R-SFCL in the form of a non-inductive coil for further large-scale 
development in future. 

 
Keywords: R-SFCL, 1G, 2G, coated conductor, stabilizer-free, hysteresis losses, selection criteria, response 
time, recovery time, SHPM, limiting current, noninductive coil. 
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 A magnetically actuated satellite attitude control system is proposed. The equation for ideal 
torque is designed in terms of the errors in the attitude and the relative angular velocity components. This 
ideal torque is used to calculate the necessary dipole moment on the magnetic torquers and the torque 
developed by the interaction of magnetic torquers with Earth’s magnetic field. The controllability of the three 
axes magnetic controller is provided for the averaged system dynamics throughout the orbit for any arbitrarily 
high initial angular velocity and proved periodicity of geomagnetic field was not a necessary requirement. A 
PD control is proposed to control the orientation and angular velocity of an Earth pointing satellite and the 
controllability and global stability of the proposed system is proved. It is proved that attitude control of an 
Earth pointing satellite can be achieved using magnetic actuators and a fast finite-time continuous sliding 
mode controller. A new nonlinear sliding manifold is proposed and used to design an average finite-time 
continuous sliding control. It is proved that the proposed continuous finite-time sliding control is equivalent 
to the average sliding control derived from the averaged system dynamics. Temporal controllability and 
global stability of the proposed control system is proved for high angular velocities. It is proved that the 
system states converged to the sliding manifold and further to the origin fast and in finite time even in the 
presence of disturbing torques. In addition, a fault tolerant magnetically actuated attitude control system for 
the Earth-pointing satellite is proposed. The controllability of the system on an average after the failure of a 
magnetic actuator is proved. The local and global stability of the two actuator attitude control system with a 
PD controller is proved even for high angular velocities after reconfiguration. It is proved that an iso-inertia 
satellite attitude can be controlled and stabilized using two axes time invariant feedback control, which is not 
possible with other control strategies even using time varying control methods. Finally, a nonlinear robust 
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backstepping control is designed and implemented for controlling a satellite with destabilizing gravity 
gradient moment. It is shown that the proposed controller almost effectively compensates external 
disturbances and uncertainties in moments of inertia matrix as considered in the satellite dynamics. The 
stability of the system for a high angular velocity is proved for the proposed controller and it is shown that it 
is exponentially stable in the neighborhood of the origin with proposed controller. All proofs are validated 
with detailed simulation studies. 

 
 

NONLINEAR DYNAMICS AND CONTROL OF A LATERALLY MASS 
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Maintaining survivability of asymmetrically wing-damaged civil aircraft has been a very important, 

fairly recent and not a very well researched problem in the aircraft flight mechanics and control domain. 
Moreover, for fighter aircraft, apart from structural wing damage, significantly asymmetric dynamics may 
also result from asymmetric firing of onboard stores. Inviting such asymmetry is, in deed, permissible as it 
allows for carrying nonidentical stores, non-paired firing, and getting rid of carrying dummies altogether. 
Moreover, asymmetric ejection of stores with a relative velocity not only gives rise to mass asymmetry, but 
also produces unwanted reaction impulses potentially affecting the intended motion of the aircraft. The 
situation further aggravates when, due to combat and safety demands, the aircraft is required to go in for 
some complex maneuvers under such asymmetric conditions. These issues have not been addressed in the 
literature and the present thesis is aimed at filling this gap. 

First, the six degree-of-freedom dynamics of the laterally mass varying aircraft is derived from a 
variable mass system perspective. Two different approaches are considered to derive the model from the first 
principle. Thereafter, the global behavior of the asymmetric dynamics is studied using bifurcation analysis 
technique and a hitherto unknown modest spiral dive like mode is found to emerge in the asymmetric 
condition even in the low angle-of-attack regions. Moreover, this mode is observed to become significantly 
steeper as the centre of gravity shifts farther from the plane of symmetry. Also, a novel attempt is made to 
correlate the bifurcation diagrams with the static characteristics of the aircraft. Next, it is demonstrated that 
if the closed loop controllers are designed in the conventional way then the sudden lateral centre of gravity 
movement significantly deteriorates maneuver performance especially while performing some aggressive 
post stall maneuvers such as the cobra and the Herbst. To overcome the problem, four novel closed loop 
control formulations are proposed using the sliding mode technique. With their own advantages and 
disadvantages, they are shown to recover back the lost maneuver performance to great extents. Further, a 
novel single loop sliding mode control formulation is proposed to perform the cobra and aileron roll 
maneuvers under both normal and asymmetric conditions. This demonstrates that the conventional inner-
outer loop control implementation based on the time scale separation of the aircraft dynamics may be 
completely removed in some flight control problems. 
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Composite materials have significance presence in all major fields and preferred over monolithic 
materials due to their higher specific strength, higher specific stiffness, extensive tailoring capability, better 
corrosion resistance and enhanced fatigue life. Laminated composites are weak in shear due to their low shear 
modulus. To overcome the limitation of low shear strength of laminated composite, three dimensional (3D) 
braided composite can be used. Compared to laminated composite, the 3D braided composite have improved 
stiffness and strength in the thickness direction, better damage tolerance and fracture resistance in impact 
loading. Braided composite has huge potential for aerospace application. The existence of couplings in 
laminated composite among extension, shearing, bending, and torsion due to loading increases the complexity 
in predicting the responses. In order to accurate and precise prediction of behavior, development of an 
accurate mathematical model is necessary. The present work deals with the development of shear deformation 
theories for modeling and analysis of laminated and 3D braided composite plates and shells. New 
displacement theories are proposed by expressing the shear deformation effects in terms of non-polynomial 
shear strain functions. Based upon the functions employed, the theories are termed as trigonometric 
deformation theory (TDT) and trigonometric-hyperbolic deformation theory (THDT). These theories are 
examined in details for their effectiveness in static, free vibration and buckling response of laminated and 3D 
braided composite plates and shell panels. Both models are based upon shear strain shape function which 
yields non-linear distribution of transverse shear stresses and also satisfy the traction free boundary conditions 
on top and bottom surfaces of the plate. Thus, the necessity of shear correction factor vanished. Virtual work 
principle is used to obtain the governing differential equations and boundary conditions. These models are 
formulated and validated for the structural responses (static, free vibration and buckling) of laminated and 
braided composite plates and shells. A variety of numerical examples are analysed. The validity of the 
proposed theories are demonstrated successfully by comparing the results with the exact solution and other 
existing methodologies. Comparison of various higher order theories with the proposed theories has been 
performed. It is observed that both proposed theories are efficient and accurate for the static, free vibration 
and buckling response of laminated and 3D braided composite plates and shells. Intensive numerical studies 
of 3D braided composite are performed in detail. It is further observed that the geometric parameter (aspect 
ratio, span thickness ratio, curvature ratio), boundary condition, fiber volume fraction and braiding angle 
have significant effect on the response of the laminated/3D braided composite plates and shells. In the 
framework of finite element analysis, both proposed theories anticipate exemplary results for the laminated 
and 3D braided composite plates and shells compared to the existing theories. The comparison study clearly 
clarifies the necessity and importance of present study.  

 
Keywords: Composite materials; 3D braided composite; Plates and Shells; Shear deformation theories; 
laminated composite; Finite element analysis. 
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CONTROLLED INTERACTIONS IN SUPERSONIC INTAKE 
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The flow discontinuities in the form of oblique and normal shock waves are ubiquitous in high speed 
flows ranging from transonic to hypersonic regimes. These shock waves on interaction with the viscous 
boundary layer, cause severe aerodynamic losses along with the heat transfer and structural losses at high 
Mach numbers. 

In aircraft engines operating at high Mach numbers, it is exigent to reduce the magnitude of flow 
speed from supersonic to subsonic, before entering the burner, so as to accomplish proficient ignition. 
Compression is accomplished by a progression of oblique as well as normal shock waves in supersonic 
intakes. However, the advantage of shock enabled compression in intakes does not come independent but 
with tremendous losses due to shock-boundary layer interactions (SBLIs), which includes abrupt 
thickening/separation of boundary layer, intake buzzing, intake unstart and so on. Thus, a necessity to control 
these interactions arise in order to minimize the associated losses and also to improve the performance of the 
intake. With this in mind, an attempt is made in the present study to control the interactions at the shock 
impinging point in a Mach 2.2 mixed compression intake. The uncontrolled and controlled intakes are studied 
for five varied intake contraction ratios, under both intake start and unstart conditions. Two forms of control 
devices are designed, deployed ad experimentally investigated in the supersonic intake. These controls 
methods are essentially classified into shock and boundary layer controls. 

A shallow cavity covered with porous upper surface as a shock control technique is placed in the 
region of SBLI. A parametric study based on the porosity of the surface over the cavity is carried out by 
varying the diameter of the pores and the pitch distance between them. Though all the tested porosity cases 
of 10%, 10.6%, 15.7%, 18.8% and 22.5% have a profound upstream effect in reducing the wall static pressure 
in the isolator region, the 22.5% porous surface provides a higher boundary layer suction effect in the 
interaction region. The boundary layer suction is large enough to start the intake at higher contraction ratios, 
even when the uncontrolled intake is not started. 

In addition, Micro-Vortex Generators (MVGs) as boundary layer control technique to control the 
momentum prior to the interaction, are placed in the region of adverse pressure gradient. In this study, two 
types of MVGs; a conventional and an innovative ramped-vane configuration were quantitatively and 
qualitatively investigated. In both the configurations, the height of the MVGs are varied as 600 _m, 400 _m 
and 200 _m. It has been observed that, in both the tested MVG configurations, the shorter MVG (200 _m) 
has produced greater flow mixing in the near wall region. However, in comparison to their conventional 
counterpart, the innovative MVG of height 200 _m, shows the stronger momentum re-energizing effect that 
is felt even in the farther downstream locations from the interaction region. Also, by reducing the static 
pressure inside the isolator region, the innovative micro-vortex generator of height 200 _m reduces the 
colossal aerodynamic losses due to shock-boundary layer interaction. 
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Composite materials are used to manufacture aircraft components and sub-assemblies using many 

methods like monolithic, co-cured, co-bonded and secondary bonding process. Secondary bonding differs 
from other manufacturing methods. In the secondary bonding method, an adhesive is used to bond the 
adherends (skin and rib assembly). This leads to complication in manufacturing as well as Non Destructive 
Inspection and Evaluation. A new manufacturing methodology was developed by simulating the real situation 
in the production unit of composite industry. This methodology was called “Diverse Cure System” (DCS) 
and was adopted in the manufacturing of porous laminates (monolithic) and in secondary bonded 
constructions. The monolithic laminates were fabricated with porosity using the DCS method and these 
laminates were tested non-destructively for porosity evaluation. The influence of porosity was studied by 
mechanical testing of different specimens for ILSS (Inter Laminar Shear Strength) were analysed. Porosity 
levels were determined using acid digestion method and compared with mechanical strength. The failed 
specimens were also analysed for porosity by micro graphical studies. The results of Non Destructive 
Evaluation (NDE) of laminates were compared and correlated with the numerical model.  

Similar manufacturing process was adopted for secondary bonding of cured laminates. Three 
different categories of lap joint specimens were manufactured, that is pristine, medium and poor secondary 
bonded specimens. The secondary bonded lap joints were further evaluated by NDE and finally tested for 
failure strength in each category. All the three categories of lap shear joints were modeled and analysed 
numerically. The appropriate NDE method of inspection and quantification of different bonds was arrived at. 
All these results were correlated and the ideal NDE method was obtained. Further, this process has been 
extended to stiffened construction like 'T' joint, which is similar to the actual critical joints followed in aircraft 
structure. The pre-cured laminate and 'T' construction panel were bonded with adhesive by following the 
above manufacturing process. The secondary bonded 'T' joint specimens of three categories were initially 
evaluated by NDE and were compared with the numerical model for evaluation of joints. Abaqus® software 
was used for modeling pristine, medium and poor 'T' joints. On completion of NDE analysis, the 'T' joint 
specimens were tested for failure initiation and strength. The behaviour of porosity is well understood in 
bonded joints its qualification methodology developed using ultrasonic NDE. An attempt has been made to 
develop a segment of aircraft structure using secondary bonding technique. Two skins and internal sub-
structure (miniscule box) were bonded using the secondary bonding method. The above NDE method / 
database was used for quantification of the miniscule box structure. The NDE results were similar and the 
quantification of the miniscule box assembly was comparable. This research work gives confidence towards 
applying this methodology in the actual aircraft applications.  

 
Keywords: Composite laminate, porous laminate, secondary bonds, lap joints, porosity, Non Destructive 
Evaluation, ultrasonic, pulse echo inspection, 'T' joint / junction, box structure / assembly. 
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In the anticipated water scarcity and global warming scenario, it is imperative to identify suitable 
irrigation and nutrient management strategy in paddy cultivation for maximizing water productivity and 
minimizing global warming potential (GWP). We conducted two-year field experiments (dry seasons of 2014 
and 2015) for (i) investigating the agronomical, physiological and biochemical aspects of four rice varieties 
(Apo, Annada, Satabdi and Naveen) subjected to different levels of water deficit stress (WDS), (ii) 
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quantifying the temporal and seasonal variation in GHGs emissions and their trade-off relationship under 
different levels of WDS, (iii) identification of proper nutrient management strategy for arresting yield decline 
under WDS and (iv) elucidation of the combined effects of elevated CO2 (ECO2) and WDS on water 
productivity and biochemical responses of rice plant. WDS was quantified using tensiometric measurement 
of soil water potential. Results showed that there was no significant difference in grain yield up to -40 kPa 
for Apo and Annada, whereas for Naveen and Satabdi the yield difference was insignificant up to -30 kPa as 
compared to continuous flooding (CF). Reduced electrolyte leakage, root bleeding rate and increased 
concentration of antioxidant metabolites contributed to tolerate the adverse effect of WDS and resulted in 
higher grain yield in Apo and Annada varieties. Irrigation scheduling at -30 kPa reduced CH4 emission by 
44%, however, due to increase in CO2 (27%) and N2O (22%) emission at -30 kPa, there was no significant 
reduction in GWP as compared with CF. There was a yield penalty of 32-34% at recommended dose of 
fertilizer (RDF) under WDS as compared to RDF under well-watered condition, however the application of 
RDF + P + Fe + Si under WDS condition was able to arrest the yield decline as compared to RDF under well-
watered condition. Experiments conducted under ECO2 elucidated that significant changes in the 
concentration of antioxidant metabolites and osmoregulants under ECO2 helped the plant to combat the 
adverse effects of WDS. Rice genotypes having the inherent capacity to produce higher amount of antioxidant 
metabolites should be a primary target of breeding high yielding rice varieties under WDS.  

 
Keywords: Tensiometer, Water deficit stress, Greenhouse gas, Direct seeded rice, Soil water potential, 
Irrigation scheduling, Elevated CO2, Leaf water potential, Proline, Electrolyte leakage, Open top chamber 
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Abroma augusta is a well-documented mucilaginous plant with several ethnomedicinal claims. 
Physiochemical characterization of the stem of A. Augusta mucilage (AAM) indicated the presence of 
glucose, galactose, deoxy sugar rhamnose and uronic acid as major sugar constituents. Based on the prebiotic 
score, gelation properties, viscoelastic and thermal behaviour, AAM polysaccharide was used in the delivery 
of probiotic bacteria, bioactive polyphenol and antimicrobial nanoparticles.  

Three different probiotic bacterial strains were co-encapsulated in AAM polysaccharide matrix. 
Microscopic analysis confirmed the encapsulation of probiotic bacteria. The encapsulated matrix so obtained 
offered high values of probiotic encapsulation efficiencies with enhanced storage stability. The survival of 
encapsulated bacteria in simulated gastric and intestinal fluid clearly indicated their ability to withstand the 
harsh gastrointestinal conditions.  

Efforts were further made to deliver bioactive polyphenols, i.e., curcumin, quercetin and green tea 
extract using AAM polysaccharide. Encapsulated pearl like curcumin nano-sphere, quercetin nano-fibers, 
and spherical green tea nano-packets were developed by modified evaporation-induced self-assembly. The 
encapsulated polyphenol offered significant improvements in solubility, stability, functional activity and 
colon specific targeted delivery.  

Further, a simple photo triggered synthesis, and hierarchical assembly of the silver-silver oxide core-
shell hydrogel system was developed from green tea encapsulated AAM matrix. This hydrogel system with 
internal silver nanoparticles assembled core and passivation oxide film as shell protected hydrogel from bulk 
oxidation and offered excellent antimicrobial activity. This entity also reduced the concern of silver toxicity 
via efficient assembly of silver in natural AAM hydrogel system.  



2017‐18	 Abstracts	of	Ph.D.	Theses
 

30	 Indian	Institute	of	Technology	Kharagpur 
 

The physiochemical and functional activity of AAM polysaccharide and the successful delivery 
schemes taking probiotic bacteria and polyphenols indicated AAM polysaccharide as an efficient carrier of 
nutraceutical and functional food applications. Besides, green tea encapsulated AAM matrix as a precursor 
material synthesizing silver-silver oxide antimicrobial hydrogel offered reduced host toxicity. Thus the 
functional activity of AAM polysaccharide like prebiotic score, thermal stability, gelling properties and 
reduction potential of host toxicity may serve various other functional utilities after exploring with further 
research.  

 
Keywords: Abroma augusta mucilage, polysaccharide, prebiotic, probiotic, polyphenol, carrier, self-
assembly, antimicrobial 
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Microalgae are natural sources of food colourants, polyphenols, antimicrobials, antioxidants and 

other bioactive compounds. Of late, the use of microalgae biomass has emerged as a new functional food 
ingredient in commercial food products. Xanthophylls are yellow-orange colour pigments belonging to 
carotenoid family. Lutein along with zeaxanthin is oxygenated carotenoid belonging to xanthophyll family. 
These two xanthophyllic pigments are very crucial for mankind as these pigments are found in retina of eye. 
The deficiency of lutein and zeaxanthin in human body imparts age related macular degeneration (AMD) 
causing blindness and cataract. In the present study, xanthophylls are extracted from Chlorella vulgaris 
biomass using ultrasound assisted solvent extraction (UASE) and supercritical fluid extraction technology 
(SCFE). The optimized parameters in UASE are 54°C, 35 min time and 90% amplitude which yielded 4.75 
± 0.42 mg/g xanthophyll, 8.48 ± 0.83 mg GAE/g total polyphenol and 423.80 ± 09.23 μmol/g antioxidant 
content respectively. The optimized SCFE process parameters were 40 °C temperature, 500 bar pressure and 
193 mL ethanol as a co-solvent, which yielded 6.26 ± 0.26 mg/g lutein, 0.88 ± 0.05 mg/g zeaxanthin, 24.5 ± 
0.42 mg GAE/g total polyphenols and 7.38 ± 0.25 mg AAE/g antioxidant, respectively. The extract obtained 
were characterized in HPLC, tandem mass spectroscopy, FTIR and for antimicrobial activity. Purity of 
xanthophyll in different extracts of C. vulgaris measured using HPLC are 65%, 78% and 90% for UASE, 
SCFE and SCFE extract purified using column chromatography, respectively. The tandem mass spectroscopy 
identified the xanthophyll derivatives and suggested that peaks responsible for xanthophyll and its derivatives 
were 568 m/z, 569 m/z, 551 m/z and 536 m/z, respectively. These peaks are characteristic peak of xanthophyll 
and its derivatives. The SCFE extract purified using column chromatography was able to kill pathogenic 
bacteria like E.coli, S. aureus and P. aeruginosa. The extract was further used in fortification of pasta and a 
sensory evaluation panel chosen 30 mg, 36 mg and 42 mg xanthophyll extract added in 100 g pasta flour to 
be the highest ranking product in 9 point hedonic scale. The xanthophyll content in pasta samples were 
degraded to 50 % in 120 days stored under ambient condition (27 °C ± 1 °C, 65 % relative humidity) and 90 
days under accelerated condition (40°C ± 2 °C, 85% relative humidity), respectively using metalized 
polyesters packaging.  

 
Keywords: Xanthophylls, Chlorella vulgaris, Ultrasound assisted solvent extraction, Supercritical fluid 
extraction, Xanthophyll fortified Pasta 
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Hairy root culture of Daucus carota when cultivated under continuous illumination (250 μmol.m-
2.s-1) turned green. When compared with normal hairy roots, accumulation of both soluble and wall-bound 
phenolic contents, mostly 4-hydroxybenzoates were to be reduced to half in green hairy roots cultivated under 
continuous light. Besides, suppression of p-hydroxybenzaldehyde dehydrogenase (HBD) activity was also 
evident in the green hairy roots. 

Anticipating photo-oxidative stress response in green hairy roots as one of the reasons behind the 
reduced accumulation of phenolic compounds, activities of several antioxidant enzymes were measured. 
When compared with normal hairy roots, green hairy roots showed an enhanced superoxide dismutase (SOD) 
activity. Interestingly, SODsuppressed root showed three-fold enhanced caffeic acid glucoside accumulation 
in the soluble fraction as compared to untreated ones. While ascorbate peroxidase activity showed marginal 
increase in green hairy roots, a decrease in the activities of guaiacol peroxidase and catalase were observed. 
SDS-PAGE of crude protein profile from green hairy roots showed a distinct band of RuBisCO, which was 
absent in normal hairy roots. RT-PCR based expression analysis of betaine aldehyde dehydrogenase showed 
enhanced transcript levels in green hairy roots as compared to normal hairy roots, whereas reverse trends 
were observed with the transcripts accumulation for phenylalanine ammonia-lyase and chalcone synthase. 
These findings corroborated with the in vitro BADH activities in hairy roots, and thus indicated an important 
role of this stress enzyme in combating photo-oxidative stress in green hairy roots upon continuous light 
exposure. However, comparative analysis of emitted volatiles from green hairy roots revealed higher 
monoterpene and sesquiterpene contents than normal hairy roots, though methyl salicylate content was more 
in normal hairy roots than in green ones. Application of clomazone, an inhibitor of 1-deoxy-D-xylulose 5-
phosphate synthase (DXS), reduced the amount of total monoterpenes and sesquiterpenes in green hairy roots 
compared to normal hairy roots, whereas methyl salicylate content was higher in inhibitor-treated green and 
normal hairy roots than normal green and normal hairy roots. Because methylerythritol 4-phosphate (MEP) 
and phenylpropanoid pathways respectively contribute to the major routes of monoterpenes and phenolic 
acids biosynthesis, the levels of activities of several key enzymes regulating these pathways were measured 
in both green and normal hairy root lines. Of these, 1-deoxy-D-xylulose 5-phosphate reductoisomerase 
(DXR) is a key enzyme of the MEP pathway, pyruvate kinase (PK) is an enzyme of primary metabolism 
related to the MEP pathway, shikimate dehydrogenase (SKDH) is involved in biosynthesis of aromatic amino 
acids, and phenylalanine ammonia-lyase (PAL) catalyzed the first step of phenylpropanoid biosynthesis. 
Activities of DXR and PK were higher in green hairy roots as compared to normal ones, whereas the opposite 
trend was observed for SKDH and PAL activities. Gene expression analysis of DXR and PAL showed trends 
similar to those for respective enzyme activities. Based on the above observations it has been suggested that 
a possible diversion of metabolites towards isoprenoid biosynthesis from primary metabolism, limiting 
phenolic biosynthetic pathway in green hairy roots grown under continuous light. 

 
Keywords: Daucus carota L.; Betaine aldehyde dehydrogenase (BADH); Green hairy roots; 4-
Hydroxybenzoic acid; 1-deoxy-D-xylulose 5-phosphate reductoisomerase (DXR); Isoprenoid; Methyl-
erythritol-4-phosphate (MEP); Phenylpropanoid; Volatile terpenoid 
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PROCESS TECHNOLOGY FOR PREPARATION OF LOW 
CHOLESTEROL DAIRY CREAM 
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Dairy products contain large amounts of cholesterol, ranging from 13.6 mg / 100 mL in whole milk 
and up to 248 mg / 100 g of butter, affecting consumer acceptability due to health concerns about cholesterol. 
The aim of this work was to develop environment friendly, economic and efficient method for cholesterol 
reduction from dairy cream with good nutritional and functional profile. The process technology for 
cholesterol removal by adsorption with β-cyclodextrin polymer (β-CDP) was successfully developed. The 
optimum conditions for synthesis of β-CDP was 2.47 citric acid (CA) to β-CD molar ratio; 0.2 sodium 
hypophosphite (SHP) to CA (molar ratio); 162 ᴼC curing temperature and 20 min reaction time, which gave 
the purified yield of 64 % β-CDP with 26 % β-CD(MO). Presence of additional FTIR (Fourier transform 
infrared) peak at 1747 cm-1 indicated the formation of ester bonds and effective polymerization in β-CDP. X-
ray powder diffraction pattern of β-CDP was markedly different from native β-CD, with no clear 
characteristic peaks, which indicated change from crystalline to amorphous crosslinked structure. The 
optimized process parameters for cholesterol extraction from cream using optimized β-CDP were 16 % β-
CDP (w / v); 45 ᴼC stirring temperature, 30 min mixing time and 970 rpm stirring speed, which yielded 74 
% cholesterol reduction. Around 89 % of the β-CDP could be recovered after desorption of cholesterol from 
β-CDP-cholesterol complex at the end of 8th regeneration cycle. No significant difference in cholesterol 
reduction (74.2 - 74.1 %) was observed in cream when recycled β-CDP was applied for up to five times, 
which was identical to the unused crosslinked β-CD (74.2 %). No remarkable changes in the proximate 
composition and physico-chemical properties were observed in treated cream with respect to the control 
cream. Study of the rheological properties indicated that the dairy cream behaves as a non-Newtonian, shear 
thinning, pseudo-plastic fluid (gel like behaviour). The apparent viscosity of processed cream was higher 
than control with the values of 0.42 Pa.s and 0.34 Pa.s, respectively at the shear rate of 100 / s. Carreau model 
best explained the complex flow behaviour of cream (with r2 > 0.99). Developed pasteurized product 
remained acceptable with respect to physico-chemical properties upto 10 days of refrigerated storage. The 
optimized supercritical fluid extraction (SCFE) conditions of 75 ºC, 204 bar, 3.5 h dynamic time and 5 L / 
min flow rate of CO2 yielded 39 % reduction in cholesterol content and 10.6 % reduction in total fat content 
of the cream powder, with no significant changes in other physico-chemical characteristics. The FT-NIR 
(Fourier transform near infrared) second derivative partial least square (PLS) regression model in the spectral 
region of 6101.9 to 5446.2 cm-1 was the most robust for quantification of cholesterol from dairy powders 
with the best performance indicators (r2 validation = 0.9998, RMSECV = 1.05 mg cholesterol / 100 g, rank 
= 6). Zeutec NIR (near infrared) chemometric analysis of fat content in milk and cream samples was 
completed using multiple linear regression (MLR) model using 6 factors (r2 of 0.9988 and RMSECV of 0.799 
g / 100 g).  

 
Keywords: β-CD (β-Cyclodextrin), cholesterol, regeneration efficiency, supercritical fluid extraction 
(SCFE), NIR spectroscopy 
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For sustainable farming, the nutrient content of conventional vermicompost (VC) is not sufficient 

to meet the desired crop growth and yield. Enrichment of VC with specific nutrients as a new technological 
up-gradation is thus required for maintenance and improvement of soil health for quality food production. 
Experiments were conducted in pots to study the chemical and bio-chemical parameters of enriched VC and 
its application effect on lateritic soil. Four pot experiments were conducted during 2012 to 2015 at research 
farm of Agricultural and Food Engineering Department, Indian Institute of Technology Kharagpur, India. In 
the first experiment, chemical and bio-chemical properties of VC prepared from different organic wastes and 
microbial inoculants were studied. The organic wastes; water hyacinth (WH), paddy straw (PS) and saw dust 
(SD) and microbial inoculants such as TV (cellulolytic fungi), AZC (nitrogen-fixing bacteria), PSB 
(phosphate solubilizing bacteria) and KSB (potassium solubilizing bacteria) were used in the experiment. 
Earthworm (Eisenia foetida) biomass, growth performance, and cocoon production were significantly higher 
in VC prepared from WH and PS as compared to SD. Microbial inoculation to the organic waste significantly 
improved the quality of the VC. In the second experiment, effect of rock minerals i.e. rock phosphate (RP), 
dolomite (DM) and mica (MC) addition in organic wastes (WH and PS) along with microbial inoculants was 
assessed on VC quality. Use of the rock minerals such as RP at 20%, DM at 15% and MC at 10% along with 
microbial inoculants into organic wastes enhanced the earthworm growth rate, hence improved the quality of 
VC with respect to higher available macronutrients (N=26%, P=19% and K=10%) as compared to control. 
In the third experiment, the shelf-life and chemical properties of the rock minerals enriched VC was studied. 
The effective shelf life of VC was 90-105 days in storage, when available N, P and K content of the VC were 
increased. In the fourth experiment, the nutrient release pattern and chemical and biological properties of 
lateritic soil with application of enriched VC was analyzed. Application of enriched VC prepared from 
combined used of rock minerals (RP, DM and MC) at 15% each with microbial inoculants was effective in 
improving chemical and biological properties of lateritic soil as compared to conventional VC.  

 
Keywords: Vermicompost, Enriched vermicompost, Microbial inoculation, Rock minerals, Soil fertility 
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Quantifying the impact of climate change on both hydrological processes and water resources is 

challenging as well as crucial for managing water resources optimally. This study focused on the assessment 
of the performance of the Kangsabati irrigation project under the historical and climate change scenarios 
using Integrated Reservoir based Canal Irrigation Model (IRCIM). Kangsabati irrigation project is a major 
irrigation project in the state of West Bengal, India, having catchment and command areas of 3428 and 5568 
sq km, respectively. Historical data pertaining to hydrometeorology, reservoir characteristics, and releases, 
and land use/land cover (LU/LC) of different years were collected from various agencies. General Circulation 
Models (GCM’s) provide future climate projections at coarse resolution, which need to be downscaled at 
station scale for impact analysis studies. In this study, four GCMs, with RCP2.6, RCP4.5, and RCP8.5 
scenarios, were considered. Bias Correction and Spatial Downscaling (BCSD) was applied to downscale the 
maximum and minimum temperatures at station scale, whereas Multiple Linear Regression (MLR) was used 
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to downscale rainfall. LU/LC change modelling for near future period was carried out using the Cellular 
Automata (CA)-Markov model, based on the historical LU/LC changes in the study area. The results showed 
that barren land, agricultural fallow and settlement would increase to 10.92%, 15.94% and 10.06%, 
respectively, whereas dense forest would reduce to 8.74% in the year 2025. IRCIM was calibrated and 
validated for the period 1986-2000 and 2001-2011, respectively, and validated model was used with actual 
and modified delivery schedules. The performance (adequacy, dependability, equity, and efficiency) of the 
Kangsabati irrigation project improved under the modified delivery schedules. The downscaled maximum 
and minimum temperatures showed an increasing trend, and as a result, evaporation loss from reservoir 
increased from 34 MCM under historical scenario to 41 MCM, 44 MCM and 46 MCM under RCP2.6, 
RCP4.5 and RCP8.5 scenarios, respectively. Moreover, crop evapotranspiration increased by 17-19% and 
16-18% in RCP2.6, 18-20 and 16-19% in RCP4.5, and 18-23% and 16-24% in RCP8.5, for Left Bank Feeder 
Canal (LBFC) and Right Bank Main Canal (RBMC) commands, respectively. Rainfall increased in all RCP 
scenarios, except for a few stations under RCP2.6. IRCIM simulated inflow, evaporation, reference crop 
evapotranspiration, and reservoir releases at LBFC and RBMC head regulators were found to be higher than 
the historical values for all RCP scenarios. Irrigation water demand and supply were found to be higher under 
RCP8.5 than under RCP4.5 and RCP2.6 scenarios in near future (2011-2040) and mid future (2041-2070). 
The analysis showed that the reservoir storage capacity would reduce in future, and so will the storage at the 
end of kharif season. The combined effect of land use and climate changes indicated that the inflow would 
increase by 6.88% under RCP2.6, 16.64% under RCP4.5 and 14.67% under the RCP8.5 scenario. These 
results indicate that both land use and climate changes will intensify hydrological changes and play a 
dominant role in the hydrology of the Kangsabati reservoir catchment. These results may serve as a guideline 
for managing the Kangsabati irrigation project in the near future, under changing land use, climatic and 
reservoir storage conditions.  

 
Keywords: Integrated reservoir-based canal irrigation model, climate change, statistical downscaling, 
projected reservoir characteristic curve, land use change, CA-Markov model, Irrigation system performance 
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The knowledge of heat and mass transfer parameters during drying of food product is essential for 
effective temperature and moisture analysis. With an objective to model the transport processes and study the 
influence of product geometry and shrinkage on transport parameters, a series of drying experiments with 
potato cylinders of varying diameters (8, 10 and 13 mm) with a fixed length of 50 mm was carried out in an 
in-house designed natural convection mixed-mode solar dryer. The convective heat transfer coefficient (hc), 
moisture diffusion coefficient (Deff) and convective mass transfer coefficient (hm) were determined without 
and with considering shrinkage effect during the drying period. The results predicted that consideration of 
product shrinkage in the mathematical model provided 55.72-61.86% higher values of c than without 
shrinkage; whereas, eff and m values were 85.07-90.41% and 39.08-44.70% lower than without shrinkage 
for the product diameter range considered. Heat transfer correlations in terms of dimensionless numbers were 
developed for each sample diameter by an equation of the form Nu=C(Ra)n. The uncertainty in the average 
values of hc was found to lie within the range of 1- 3%. A finite element (FE) based COMSOL Multiphysics 
software was used to develop a numerical model to simulate the drying behavior of potato cylinders. The FE 
model satisfactorily simulated the experimental data of transient temperature and moisture ratio of potato 
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cylinders. Moreover, a modest attempt was made to appraise the suitability of artificial neural network (ANN) 
model for describing the drying performance of potato cylinders in the mixed-mode solar dryer. Results of 
the comparison between FE and ANN model revealed that the FE model better simulated the experiments 
compared to ANN model, which was further verified with the statistical measures of error. To expand the 
scope of acceptability among consumers, the influence of pre-drying treatment on dried product quality was 
characterized in terms of rehydration, color, texture, nano-indentation, microstructure, surface roughness and 
X-ray diffraction analyses. It was observed that the pretreated and thinner diameter samples exhibited better 
quality attributes as compared to untreated ones. c heff Dm h 

 
Keywords: Mixed-mode solar dryer; potato cylinders; heat and mass transfer parameters; shrinkage effect; 
COMSOL Multiphysics; quality attributes 
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The oomycetal elicitor β-cryptogein has been known to induce phenolic metabolites  accumulation 
and pathogen/disease resistance in tobacco, however, information regarding its effect on other than enhanced 
accumulation of phenolic metabolites is scant and not much attention has been given to oxidative status in 
cryptogein-transformed plant. Moreover, there were no reports on primary metabolites changes in response 
to β-cryptogein. Therefore, this study was carried out with the aim to assess metabolite purturbations, 
antioxidative status and pathogen resistance in response to constitutive expression of β-cryptogein gene. 
Tobacco (Nicotiana tabacum L.) hairy roots and plantlets (spontaneously regenerated from hairy roots) 
expressing β-cryptogein gene under CaMV 35S promoter were established. Hairy roots were used primarily 
to analyse metabolite perturbations in order to gain a better understanding of β-cryptogein induced secondary 
metabolite accumulation and its connection with changes in primary metabolites, whereas, experimental 
system with plantlets was explored to evaluate the antioxidative status in response to constitutive expression 
of β-cryptogein gene. Metabolite analyses in hairy root suggested increment of phenolic compounds, fatty 
acid derivatives, alkaloids (nicotine and nornicotine), benzenoids, sugars (sucrose, fructose, galactose and 
lactose) and few metabolites originated from glycolysis pathway intermediates, in response to β-cryptogein 
expression, However, suppression of terpenoids and many amino acids (except proline) synthesis was also 
noticed in β-cryptogein -transformed hairy roots. Plantlets expressing β-cryptogein also showed accumulation 
of phenolics (wall-bound phenolics, total soluble phenolics and chlorogenic acid). Increased gene expression 
of phenylalanine ammonia lyase (PAL), 4-coumaryl CoA ligase (4CL), coniferyl alcohol dehydrogenase 
CAD), genes along with enhanced enzyme activities of PAL, 4CL and CAD were noticed in β-cryptogein 
expressing hairy roots and plantlets as compared to their respective controls. These findings supported the 
phenolics increment in both hairy roots and plantlets expressing β-cryptogein gene compared to control. 
Decreased expressions of 3-hydroxy-3-methylglutaryl-CoA reductase (HMGR) and 1-deoxy-D-xylulose-5-
phosphate synthase (DXS) in Ri-crypt-transformed hairy roots and Ri-crypt-transformed plantlets as 
compared to their respective controls were observed which supported the terpenoid metabolite decrement in 
the same. Enhanced accumulation of total lignin content was noticed in Ri-crypt-transformed plantlets as 
compared to Ri-transformed plantlets, which were in agreement with CAD expression and enzyme activity 
results. Antioxidative status was uplifted in both hairy roots and plantlets upon constitutive expression of β-
cryptogein as total flavonoid content, total phenolics and activities of antioxidative enzymes (peroxidase, 
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catalase, ascorbate peroxidase and superoxide dismutase) were enhanced. Enhanced antioxidative status 
resulted in an apparent reduction in oxidative stress indicators such as H2O2, superoxide radicals and 
malondialdehyde content. Enhanced accumulation of wallbound phenolics and total lignin content 
strengthened the cell wall in β-cryptogein expressing plantlets. The β-cryptogein-expressed leaves showed 
delayed degradation upon infiltration of fungal pathogen (Alternaria alternata) might be due to the enhanced 
antioxidative status and strengthen-cell wall. The expression study of defense gene PR1a showed higher 
expression in β-cryptogein expressing hairy roots and plantlets expressing β-cryptogein. 

 
Keywords: Nicotiana tabacum, β-cryptogein, antioxidative status, hairy roots, plantlets, metabolites 
perturbation 
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In developing countries like India, Integrated Water Resources Management (IWRM) at sub-

watershed level is a mandate now-a-days. It alleviates water crisis by developing water accessibility, while 
ensuring environmental sustainability. Decision support systems (DSS) associated with IWRM are an 
effective tool for water allocation, supply and demand analysis. Here, four sub-watersheds (Kesinga, 
Kantamal, Salebhata, Tikarapada) in the middle reach of Mahanadi River basin, Odisha, have been chosen 
as the study area. Water Evaluation and Planning (WEAP) model is used as a DSS tool to evaluate the water 
resources in the study area and to manage the future unmet demand raised by various sectors due to 
socioeconomic changes. WEAP model was calibrated and validated using ten years (2000 to 2009) of 
historical climate data, and further used to predict streamflow for near future (2010 to 2030) using the climatic 
data projected by four regional climatic model and their ensemble (MME) for two future scenarios (RCP4.5 
and RCP8.5). The water demand and supply analysis for historical period (2000-2009) reflected an enormous 
gap between supply and demand in each sub-watershed, mainly for agriculture sector. Under the Baseline 
Future Scenario (BLS), the highest annual unmet water demand for agriculture and non-agriculture sectors 
was found in all sub-watersheds. As compared to BLS Scenario, the average annual unmet water demand for 
agriculture and non-agriculture sectors for future period decreased by 1-33% under RCP4.5, and 24-51% 
under RCP8.5. The socioeconomic changes in the study area increased the unmet water demand by 6.5% to 
28.9%. The management adaptation options have played an important role in the mitigation of unmet water 
demand and the check dam adaptation option under the Demand Supply Management Scenario proved 
effective in reducing the total unmet water demand of both agriculture and non-agriculture sectors in all sub-
watersheds. However, the combination of check dam, traditional ponds and improving irrigation efficiency 
reduced the unmet water demand to a great extent for all four sub-watersheds. With proper planning and 
demand supply management, the disparity between water supply and demand may be managed to handle the 
inevitable socioeconomic changes in the middle reach of Mahanadi River basin. 

 
Keywords: IWRM, WEAP modeling, adaptation option, middle reach, DSS tool,scenario analysis. 
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A microbial fuel cell (MFC) is a bifunctional bio-electrochemical device having promising 

characteristics as efficient wastewater treatment and one-step electricity conversion ability. Under ideal 
situation, a MFC can generate 1.1 V between two reverse polar electrodes, but in practical conditions, the 
voltage severely declines due to huge energy demand during redox reactions. Among different 
electrochemical reactions occurring in MFCs, the energy loss to carry out oxygen reduction reaction (ORR) 
in MFC has major contribution to decline the voltage output. Hence, a suitable low-cost electrochemical 
catalyst is required to enhance the ORR in order to increase the current production from MFC. In addition, 
growth of microorganisms, fungus and deposition of salts on cathode have also been identified as critical 
issues, which can lethally decline the performance of MFCs by deteriorating the cathode quickly. Thus, the 
present study was aimed to develop different low-cost oxide, alloy catalyst and cathode materials to improve 
the ORR for onsite use of MFC. MnO2 was synthesized using chemical co-precipitation method and tested 
in MFC as cathode catalyst. Maximum power density of 1.66 W.m-3 with a coulombic efficiency of 9% from 
MFC using MnO2 was found to be 3-time higher than control MFCs. The power density could be enhanced 
to 6.6 W.m-3 by using V2O5/Vulcan XC composite as catalyst in cathode. Upon mixing graphene as highly 
conductive support with V2O5, the power density significantly enhanced to 8.8 W.m-3, demonstrating 
graphene as excellent electrode material. Low-cost Cu5.6Sn alloy was prepared using thermal nucleation 
method and used as ORR catalyst in MFC. Excellent d-band sharing characteristics of Cu-Sn alloy could 
assist MFC to produce an enhanced power density of 9.5 W.m-3 with an excellent coulombic efficiency of 
36%. Although, the power density and coulombic efficiency could be enhanced successively, but the 
performance of MFCs were found to inconsistent due to development biofouling of biofouling composed 
with aerobic, facultative bacteria and Fungi on ORR interface. Thus, Ag-based single metal (AgO) and bimetal 
alloy (Ag3Pt) was synthesized to obtain consistent performance from MFCs. A 10% loading of AgO was 
found to be sufficient to eradicate the biofouling from cathode and could maintain an excellent power density 
of 9.8 W.m-3 with a coulombic efficiency of 29.3%. These performance values could further enhanced 
substantially to 1 W.m-2 and 60%, respectively by using Ag3Pt catalyst as cathode. Finally, a sediment MFC 
was installed in an aquaculture pond cultured with Nile tilapia Fish for onsite demonstration of this 
technology. Under continuous feeding, the Fish survival rate was noted to be 100% with an excellent specific 
growth rate of 1.55. In addition, the obtained power could be used to successfully operate a wireless 
temperature sensor. The wastewater treatment in the form of chemical oxygen demand removal efficiency in 
all the cases was found to be more than 80%, which can be considered as good treatment efficiency.  

 
Keywords: Catalyst; Fish market; Microbial fuel cell; Power density; Synthesis; Wastewater treatment 
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Popped rice is a convenient rice based snack food, which are prepared by short time high temperature 

heat treatment of paddy. In the present study, influence of product and MW heating variables on popping 
characteristics: popping percentage (PP), expansion ratio (ER), commencement of popping (CP) and 
threshold energy (TE) of paddy were evaluated. Popping was carried out in a 28 L capacity domestic 
microwave oven with output power of 1000 W, frequency of 2450 MHz, cavity dimension of 336×349×241 
mm, using different volumes of glass beakers (250 – 600 mL) with varying bottom surface spread area. 
Sample with different thickness (0.21 – 1.05 cm; corresponding to 1 – 5 layers of grains) and spread area 
(32.18 – 58.11 cm2) were taken in different vessels, and placed at optimum radial distance of the turntable to 
study their effect on popping characteristics. Irrespective of the volume of the vessel, PP and ER decreased 
with the increase in grain thickness. PP decreased exponentially with the increase in spread area as the sample 
thickness increased. Both CP and TE increased with the increase in grain thickness and spread area. Popping 
was also carried out with single layer grain mass at different exposure times (20, 30, 40, 50, 60 s) and 
microwave power (600, 850, 1000 W) to evaluate the effect of intermittent and continuous microwave 
exposure on popping behavior. PP and ER increased with increase in exposure time at all levels of microwave 
power. The values of PP and ER were estimated to be 80.26% and 6.76, respectively. Salt coating on the 
surface of preconditioned paddy (husk) was carried out with spraying of salt solution onto it followed by 
thorough mixing manually and quick drying of the adhered solution in a fluidized bed dryer till the desired 
moisture content was achieved. This process prevented diffusion of salt into the kernel. Decrease in both CP 
and TE was observed with the increase in salt levels from 1 – 5% (w/w). PP increased gradually as moisture 
content increased from 12 – 14% (wb) but it decreased for moisture level between 16 and 18%. PP increased 
with the increase in salt level (0 – 3%) but decreased at salt level higher than 3%. Lowest value of ER (5.00) 
was at 18% moisture with no salt while highest ER (7.16) was at 14% moisture with 3% w/w salt. Browning 
index increased with the increase in heating time at fixed level of salt content and fixed level of moisture 
content. It also increased with the increase in salt levels at fixed value of moisture and heating time. A 
tristimulus colorimeter was used to measure the color of popped samples using standard color scales as L*, 
a*, and b*. The derived parameters such as total color difference (ΔΕ*), chroma (C*), hue angle (H*) and 
browning index (BI*) were obtained for comparison of colors of samples popped under different treatment 
conditions. ΔΕ* was found to have good fit to zero-order model while BI* followed a first order model. The 
value of rate constant (k) for ΔE*and BI* increased from 0.100 – 0 .162 min-1 and 0.011 – 0.015 min-1, 
respectively with the increase in salt content. The effect of ageing and amylose content on popping 
characteristics was also evaluated. Four different varieties of paddy based on their amylose content were 
stored at ambient temperature for 18 months in closed plastic containers. Samples were taken out at two 
months intervals and amylose content for each was measured. They were conditioned to 15% moisture level 
and 2% salt and popped under optimized conditions viz., power level of 1000 W and heating time of 44 s. 
Changes in the PP and ER of popped paddy with the storage period were better explained with the first-order 
fractional conversion kinetic model. The microstructural study of paddy and popped rice were carried out 
using Scanning Electron Microscopy and X-ray Micro-Computed Tomography.  

 
Keywords: Paddy, popping of grains, microwave heating, optimization, salt coating, color, ageing kinetics, 
microstructure. 
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The present research deals with the development of an embedded system for monitoring seed flow 

and boot choking in one-row as well as multi-row seed drill. This system comprised one sensing unit each 
for sensing seed flow and detecting boot choking, a processing unit and a display unit. The sensing unit for 
seed flow comprised two infrared (IR) light emitting diodes (LEDs) and one TSOP receiver placed in between 
the two LEDs, whereas one IR emitter and a receiver fixed 180˚apart were used for detecting boot choking. 
Based on output signals of sensors and the developed programming code, the microcontroller board provided 
output signals to LED and buzzers respectively to alert the operator about missing of seed flow into the 
furrow. The developed system for a one-row seed drill was evaluated in a laboratory setup handling wheat 
and rapeseed using a fluted roller and a cell type metering mechanism, respectively. The embedded system 
for a 9 row seed drill was evaluated under laboratory and actual field conditions at different rpm of fluted 
roller shaft (forward speed of tractor) and seed flow rates for wheat seeds. It was found that seed flow 
detection was successful with the developed system for wheat and rapeseeds in a one-row as well as multi-
row seed drill. The developed system was also evaluated for detecting boot choking in both laboratory and 
field conditions at different rpm of fluted roller and seed rates for wheat seeds by closing the outlet of boots 
of a seed drill. In both the cases, it successfully detected choking of boots and indicated the same in both 
visual and audible forms to the operator at an average time delay of 1632 ms to 3894 ms, between actual 
choking occurred and the time at which choking was detected for seed rates of 80 kg/ha to 120 kg/ha. This 
time delay was due to the position at which the sensors were fixed to the boots. Sensing of seed flow and 
boot choking by the developed embedded system were found to be strongly affected by the seed rate and 
forward speed (speed of fluted roller) of tractor. The developed system also indicated missing of seed flow 
to the operator successfully during sowing in the field at the following conditions: (i) when tractor was taking 
a turn with seed drill raised (ii) when foreign material mixed with seed choked the outlet of metering 
mechanism and (iii) when less amount of seeds were available in the hopper.  

 
Keywords: An Embedded system, Seed flow monitoring; TSOP IR sensor, seed drill, seed flow detection, 
choking of boot. 

 
 

PERFORMANCE EVALUATION AND PROCESS OPTIMIZATION FOR 
PRODUCTION OF READY-TO-EAT THERAPEUTIC FOOD PASTE IN PILOT 
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Severe acute malnutrition (SAM) is an important cause of morbidity and mortality in Indian children 

below five years of age, where 9 million children are suffering from SAM. Upto 15% under five years’ SAM 
children require inpatient management because of medical complications; remaining 85% of the SAM case 
can be taken care of by home care/diet management. There is a need to formulate and up-scale the technology 
for a low-cost, shelf stable, protein and energy dense ready-to-eat therapeutic food (RTE-TF) to treat SAM. 
In this work, a pilot scale process standardization and performance evaluations of machineries (processing 
and packaging) were undertaken. Major unit operations viz., roasting, de-skinning, grinding, mixing, 
homogenization, packaging, and cleaning in-place (CIP) were standardized. The raw ingredients were 
characterized for physicochemical attributes prior to the formulation of RTE-TF guided by experimental 
designs. The optimum operating parameters for grain roasting and cooling units were 165-170 °C for 14-15 
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min at 20 rpm drum speed and feed rate of 82.6 kg/h at 5 rpm, respectively. The optimum parameters to roast 
peanuts, maize, and soybean were 185-186 ºC for 20-22 min, 189-190ºC for 30-32 min, and 165-170 ºC for 
18-20 min, respectively. Roasted peanuts were best de-skinned at outlet opening and rotating speed of 4.6 - 
9.6 mm and 1400 rpm, respectively. The feed rates of 17-18 and 16-17 kg/h gave PFY of 77 % and 85 %, 
respectively, during grinding of roasted maize and soybean. Optimum mixing condition was achieved when 
a batch of ingredients (wet: peanut paste, soybean oil, emulsifiers, stabilizers; dry: roasted maize and soybean 
flour, skimmed milk powder, sugar, vitamin-mineral premix) were mixed in ploughshare mixer for 40-45 
min at 120 rpm. A homogenizer (colloidal mill) clearance of 190 μm resulted in a smooth RTE-TF (< 200 
μm) with negligible oil separation upon standing. FFS machine when operated at 112 and 119 ºC gave best 
for vertical and horizontal sealing strength, respectively. For CIP, treatment with hot-water (60 ºC/40 min), 
alkali solution (1.56% w/v)) (70ºC/37 min), acid solution (1.12% w/v) (71 ºC, 39 min), and per acetic acid 
solution (1.07%) (19.56 ºC/ 15 min) gave satisfactory results. The shelf-life of RTE-TF packaged in 
AFL/MFL laminates was 120 days under accelerated conditions (40 °C, 90% RH). 

 
Keywords: Ready-to-eat therapeutic food, Roasting, De-skinning, Grinding, Mixing, CIP 
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Tuberose or Polianthes tuberosa L. (Calcutta single) is a horticultural crop of tropical origin, widely 
cultivated for its adorable and intense floral fragrance emitted at night. Scant information exists on chemical 
diversity of floral scent volatiles. Chemical diversity of floral volatilome in P. tuberosa has been elucidated 
in the present study leading to identification of around 57 emitted volatile organic compounds. Altogether 19 
different adsorbent/solvent combinations were used for determination of total emitted volatilome from un-
plucked as well as plucked flowers using headspace and gas chromatography–mass spectrometry platform. 
A mixture of porous polymers (such as, PorapakTMQ or Tenax®TA) with carbotrap could serve as an 
unsurpassed trapping matrix followed by solvent desorption (with either hexane or DCM) for volatiles 
collection. Distinct three major classes of volatile organic compounds were categorized viz. aromatics, 
terpenes, and fatty acid derivatives. Maximum diversity along with higher quantity was found with the 
aromatic group. A few of them could be used as floral biomarkers because of their exclusive presence in 
tuberose, amongst the previously studied Amaryllidaceae flowers. Total chemical divergence of volatilome 
from plucked and un-plucked flowers, when compared, were found almost same except a significant rise of 
a few volatiles and a handful of new minor volatile components detected in the volatilome of the plucked 
flowers.  

Further investigations have been made on the physiological and cell biological aspects of floral scent 
biosynthesis, tissue localization and emission, which was not previously examined. Volatiles collected from 
floral headspace were analysed through GC-MS for identification of individual compounds and elucidation 
of emission patterns. Transcripts accumulation and the amount of active enzyme were measured to throw 
light on scent volatiles biosynthesis. Localization of scent volatiles was investigated by histochemical and 
ultrastructural studies. Scent emission was found rhythmic and nocturnal under normal day-night influence, 
peaking at night. Enhanced enzyme activities and transcripts accumulation were recorded just prior to 
maximum emission. Through SEM analysis, presence of large number of floral stomata in the adaxial surface 
of tepal was revealed which might have bearing on tissue-specific emission. Guard cells of stomata responded 
significantly to histochemical tests which also indicated that epidermal tissues are mostly involved in scent 
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emission. High metabolic activity was found in epidermal layers during anthesis as shown from TEM 
analysis. Further, a new insight into the scent compounds localization, plausible tissue involved in their 
release along with the preceding ultrastructural changes at cellular levels have been presented. Finally, 
ultrastructural analysis of tepal surface has been able to fill up a major gap in knowledge of stomatal 
involvement during scent emission.  

 
Keywords: Volatiles, Rhythmic emission, Polianthes tuberosa, Benzenoids, Metabolic pathway, Gene 
expression, Floral stomata. 
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Freshly harvested mature guava (Cv. Baruipur and Desi) and banana (Cv. Grand naini, Singapuri 
and Chapa) were sorted on the basis of uniformity at external peel color, weight and dimensions. The 
respiration rates of fruits were measured at 13 °C for guava and 15 °C for banana after the fruits attain 
equilibrium with the storage environment with different concentrations of O2 (0-21 %) and CO2 (0-17 %) 
varied as per central composite rotatable design (CCRD). Response surface model and artificial neural 
network (ANN) model were fitted to the experimental respiration data which could predict the O2 
consumption rate and CO2 evolution rate of the banana and guava, respectively under any combination of O2 
and CO2 of the storage environment. The transpiration rates (TR) of fruits were determined using factorial 
design at 10-30 °C and 70-90 % RH. The ANN and the energy balance model were fitted to predict the TR 
of guava and banana, respectively at unknown storage conditions. The O2 transmission rate (OTR) and CO2 
transmission rate (CTR) of two thicknesses of commonly used polymeric films namely LDPE, PP and PVC 
were evaluated using data from the literature. The WVTR was experimentally determined using the desiccant 
method of the ASTME96 -16. The required WVTR for packaging banana (Cv. Grand naini) and guava (Cv. 
Baruipur) were higher than that available with the studied films. But, the required OTR and CTR of the film 
for designing MAP of guava and banana were close to that available in PVC 40 and PVC 50 films, 
respectively. Hence, they were used to design active MAP for guava and banana in 5-10 °C temperature range 
with estimated mass of moisture scavenger (MS) to prevent in-package water condensation. In the MAP of 
guava and banana the MS sachet containing 30-50 g & 40-60 g, respectively of coarse silica gel as MS and 
ethylene scavenger (ES) sachet containing 0-4 g of KMnO4 were added as per CCRD. Following 30 and 21 
days of storage of guava and banana, respectively at 4, 8 and 12 °C, the fruit samples were transferred at 30 
°C and left for three days to ripen. The physico-chemical qualities of the fruits were analyzed using standard 
methods. The treatment at 4 °C with 3 g ES & 46 g MS in MAP maintained best quality of guava post-
ripening and was considered as the optimized treatment for guava. The Michaelis-Menten equation predicted 
2 g ES & 60 g MS added in MAP at 8 °C as the optimized AP treatment for banana. The maximum shelf life 
at the optimized condition was 30 days at 8 °C + 3 days at 30 °C for banana and 30 days at 4 °C + 2 days at 
30 °C for guava. The edible coating formulations based on arabic gum (AG) (0-15 %), sodium caseinate (SC) 
(0-2 %) and tulsi extract (TE) (0-5 %) were developed using CCRD and its OTR, CTR and WVTR was 
studied on guava (Cv. Desi) at 28 ± 2 °C. The optimized coating formulation (5 % AG, 1 % SC and 2.5 % 
TE) exhibited best OTR, CTR and WVTR properties to extend the shelf life of guava to 7 days at 28 ± 2 °C 
compared to 4 days of control. The effect of addition of different concentration of lemon grass oil (LG) and 
cinnamon oil (CE) in the optimized base coating formulation of AG-SC on the shelf life and quality of guava 
and banana was studied. The shelf life of guava samples treated with coating formulations 5 % AG +1 % SC 
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+ 2 % CE and 5 % AG +1 % SC + 2 % LG was 35 days at 4-7 °C + 5 days at 25 ± 2 °C compared to 7 days 
of control and that of banana treated with coating formulation 5 % AG + 1 % SC + 1 % CE was 8 weeks at 
25 ± 2 °C compared to 1 week of control stored under similar condition. ii  

 
Keywords: Guava, banana, respiration, modified atmosphere packaging, edible coating 
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Coal mining is an economic activity. Mining degrades the soil and water quality and adversely 
affects the ecology of surrounding area. The reclamation and sustainable management of mine affected areas 
is therefore very essential part of mine area development. The Olidih watershed of Jharia coal field region in 
Jharkhand state of India is affected by the abandoned opencast mines. The present study aims to analyze the 
effect of mines on the change in land use/land cover, soil and surface water quality. The study also focuses 
on reclamation of mine area soil and hydrological effect of abandoned opencast mines. 

Analysis of satellite images showed 65 per cent increase in the area under mines in past fourty years 
(1975 to 2015). Increase in mining activities influenced migration of more people that led to increase in 
settlement areas, agricultural land and decrease in forest and barren land. Analysis of water samples from 
pre-monsoon (PRM) and postmonsoon (POM) seasons were done to determine the suitability of water for 
drinking, irrigation and industrial uses. The water from 16.3% of watershed area in PRM and 11.4% of 
watershed area in POM seasons is not suitable for drinking purpose. The water from 20% of mine area in 
PRM and 26% in POM seasons is highly saline and not suitable for irrigation use. 

Analysis of soil samples collected from study area indicated that soil of the study area is moderately 
acidic and deficient in organic carbon, macro as well as micro-nutrients. Pot experiment was conducted using 
the mine area soil to analyze the effect of different inorganic and organic fertilizer treatments on soil chemical 
properties, crop yield and growth in a maize-cowpea-paddy cropping system. A randomized complete block 
design was employed with seven treatments and four replicates per treatment for crop experiment. The 
significant improvement in mine area soil reclamation was observed with application of lime and organic 
matter. The soil pH, SOC, available N, P and K of mine area soil was found to be improved to the desired 
level of crop production. 

This study also explores the effect of opencast mines on hydrological processes of watershed using 
Soil and Water Assessment Tool (SWAT2012). The calibration and validation of model was performed using 
daily stream flow and sediment yield data for the period 2005 to 2008. The alternative scenario of no-mines 
was modelled to assess the potential impact of opencast mines for the period from 2005 to 2010. Results 
show that the abandoned opencast mines alter the hydrologic processes of Olidih watershed. Increase in 
sediment yield by 14.29%, groundwater flow by 11.34%, evapotranspiration by 3.56% and decrease in 
surface runoff by 51.33% and water yield by 6.6% was observed as compared to that of no-mine scenario. 
Results also indicate that the SWAT model can be satisfactorily applied in mined watershed to assess the 
effect of opencast mines on hydrological processes by defining large opencast mines as pothole. 

 
Keywords: Reclamation, opencast mines, soil amendment, water quality index, crop yield, SWAT, GIS, 
hydrological processes, scenario analysis 
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DEVELOPMENT AND TRACTIVE PERFORMANCE EVALUATION OF 
RUBBER TRACK SYSTEM FOR WALKING TRACTOR 

 
Showkat Rasool 

Supervisor: Prof. H. Raheman 
Department of Agricultural and Food Engineering 

Accession No.: NB16091 
 

Walking tractors are popular among small and marginal category farmers because of their low cost 
and are mostly used in puddling operations and seed bed preparation. Utilization of walking tractors for other 
farm operations is usually limited due to low draftability of these machines owing to the small sized 
pneumatic wheels and low weight. Therefore, a rubber track system suitable for 9.7 kW walking tractor was 
designed and developed to improve its draftability. Empirical traction prediction equations were used in 
genetic algorithm-based multi-objective optimization to decide the optimum dimensions of the track system 
to give maximum drawbar pull and tractive efficiency while minimizing the motion resistance ratio over a 
range of soil conditions. A prototype 9.7 kW walking tractor with track width and track length of 150 mm 
and 780 mm, respectively was developed with a total weight of 5395.5 N. To ensure proper steerability, the 
prototype was provided with a mechanism to reduce the contact length and hence frictional resistance of the 
track during turning. Tractive performance evaluation of the prototype and comparison with similar walking 
tractor fitted with wheels at an inflation pressure of 147 kPa, were carried out in test fields having sandy clay 
loam soil, with average cone index (CI) 250, 500 and 1000 kPa and also on tarmacadam road. Walking tractor 
with rubber tracks showed motion resistance of 1012, 775 and 620, and 450 N in soil with average CI 250, 
500 and 1000 kPa and on tarmacadam surface, respectively as compared to 935, 675, 530 and 370 N with 
wheels. Tracks developed 115.2%, 75.9%, 62.4% and 29.4% higher drawbar pull than wheels in soils with 
average CI 250, 500 and 1000 kPa and on tarmacadam surface, respectively. Also, higher tractive efficiency 
(TE) was obtained in walking tractors fitted with rubber tracks in all terrain conditions. Moreover, tracks 
reached peak TE (0.51, 0.63, 0.70 and 0.78 at 16.8%, 11.85%, 9.96% and 6.70% slip in soil with average CI 
250, 500, 1000 kPa, and on tarmacadam road respectively) at higher net traction ratio (NTR) and maintained 
higher TE for a wider range of NTR. Wheels reached maximum TE (0.387, 0.55 and 0.64 and 0.75 at 20.6%, 
15.25%, 13.24% and 9.20 slip, respectively) at lower values of NTR, which dropped off at higher NTR values. 
Results indicate a significant improvement in the tractive ability of walking tractor. Drawbar power 
comparison revealed that higher drawbar power was developed by rubber tracked walking tractor in all terrain 
conditions followed by wheeled tractor with ballast and wheeled tractor without ballast in that order. The 
specific fuel consumption of walking tractor fitted with tracks was found to be on an average 1.3% and 5.8% 
lower than that when fitted with wheels with ballast and without ballast, respectively due to higher drawbar 
power developed by the tracks. Steering performance analysis revealed that the developed steering aid 
mechanism for track type walking tractor could reduce the contact length of track on terrain by lifting the 
front idlers of track system up to 80 mm in 5 s. Thus it helped in reducing both turning radius and turning 
time on an average by 35% and 33% in different terrains, respectively as compared to when in full contact 
with the terrain.  

 
Keywords: Rubber tracks; Multi-objective optimization; Genetic algorithm; Drawbar pull; Tractive 
efficiency; Net traction ratio; Steering aid. 

 
 

  



2017‐18	 Abstracts	of	Ph.D.	Theses
 

44	 Indian	Institute	of	Technology	Kharagpur 
 

DEVELOPMENT OF A SUITABLE ENVIRONMENT CONTROL 
CHAMBER TO STUDY EFFECTS OF AIR CONDITIONS ON 

PHYSICOCHEMICAL CHANGES DURING WITHERING AND OXIDATION 
OF TEA 
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An environment control chamber was designed and fabricated to control air temperature, relative 
humidity and flow rate as required for withering, oxidation and drying of tea leaves for black tea 
manufacturing. The device consists of a spray chamber for humidification of air, an air heater, a blower and 
a chamber to accommodate the leaves. Also, there is provision for recirculating part of exhaust air during 
drying. The device could maintain air temperature within ± 0.2 oC and relative humidity within ± 2% of the 
set value during experiments. Withering of leaves of TV25 were carried out at different air temperatures (25, 
30, 35 oC) and relative humidities (60, 75, 85%). During withering, with increase in air temperature 
polyphenoloxidase (PPO) enzyme specific activity decreased and peroxidase (PO) specific activity was 
enhanced. Both PPO and PO specific activity decreased with reduction in relative humidity of air. Process 
parameters for withering were optimized using an Artificial Neural Network model for prediction and Genetic 
Algorithm to maximize enzyme activity and reduce moisture content to desired range for CTC and orthodox 
black tea production. The optimized parameters are: CTC – temperature: 29.13 oC, RH: 79.58%, duration: 
11.41 h; Orthodox – temperature: 33.04 oC, RH: 77.27%, duration: 10.60 h.  

Mass diffusivities and mass transfer coefficients for the exchange of O2 and CO2 during oxidation 
of macerated CTC and orthodox leaves were found to fit to exponential relationships. Initial values of mass 
diffusivity of O2 were found to be 1.159 x 10-8 m2/s and 6.019 x 10-10 m2/s for CTC and orthodox leaves, 
respectively. Mass diffusivity of CO2 was 5.191 x 10-7 m2/s and 2.383 x 10-8 m2/s for CTC and orthodox 
leaves, respectively at the beginning of oxidation.  

Macerated CTC and rolled orthodox leaves of TV25 were oxidized at different air temperatures (20, 
25, 30 and 35 oC) in the environment control chamber varying the thickness of oxidizing leaf bed (2 cm and 
5 cm). The rate of depletion of individual catechin (EGCG, ECG, EGC, EC) during oxidation was modeled 
using Michaelis-Menten equation. Michaelis-Menten constant and reaction rate constant were determined for 
each catechin and activation energy for change in reaction rate constant with temperature according to 
Arrhenius plot were calculated. The depletion of di-hydroxylated catechins (EC, ECG) was found to be more 
affected by change in air temperature than the tri-hydroxylated catechins (EGC, EGCG). The individual 
theaflavins (simple TF, TF3MG, TF3’MG and TFDG) were formed and depleted at different rates depending 
on the temperature of oxidation. Theflavin (TF) graph reached maximum amount after longer duration of 
oxidation for lower air temperature. Amount of maximum total TF at different temperatures was in the range 
of 1.19 – 1.3 % for CTC macerated leaves and 0.33 – 0.43 % for rolled orthodox leaves. In total TF, amount 
of individual theaflavins were in the order of TFDG>TF3MG>TF3’MG>simple TF for oxidation of both 
CTC macerated and rolled orthodox leaves. Thearubigin (TR) content increased with duration of oxidation, 
air temperature and bed thickness. The ratio of TF:TR when total TF content was maximum was found to be 
1:10.07 for CTC and 1:13.94 for orthodox tea. Quadratic and linear regression equations were developed to 
model the change in TF and TR content respectively, with air temperature, oxidation duration and bed 
thickness in CTC macerated and rolled orthodox leaves. ANOVA of the models revealed that bed thickness 
does not have significant effect on TF content in both macerated CTC and rolled orthodox leaves.  

 
Keywords: black tea, environment control chamber, withering, polyphenoloxidase, peroxidase, oxidation, 
optimization, gas diffusivity, Michaelis-Menten constant, catechin, theaflavin, thearubigin. 
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DEVELOPMENT AND STUDY OF A PNEUMATIC RICE POLISHING 

SYSTEM 
 

Someswararao Chodisetti 
Supervisor: Prof. S. K. Das 

Department of Agricultural and Food Engineering 
Accession No.: NB15886 

 
Energy intensive commercial abrasive-friction rice polishing system with heavy moving parts 

induce considerable breakage of rice (20-50 %). Jet polishing technique, used for metals with high speed air-
abrasive particles, is adopted for developing simple pneumatic rice polishing system without any moving 
parts. The system consisted of a gas cyclone. The inner surface of the cyclone was covered with an abrasive 
surface. The rice was allowed to move over the static abrasive surface to receive scouring action. CFD 
simulations were carried out to study the velocity and pressure distribution for single and multiple phase flow 
in the pneumatic rice polishers with different constructional features and operating conditions. Performance 
evaluation of pneumatic rice polishing systems with different machine, material and operational factors was 
carried out followed by optimization. Particle-trajectory, particle-abrasive surface interaction, particle flow 
path and movement pattern were also studied. Kinetics in polishing performance of an abrasive surface with 
its uninterrupted use was evaluated. Finally, quality of polished rice was assessed using image analysis 
technique. 

The magnitudes of air velocity and pressure distributions in the parallel-inlets and opposite-inlets 
systems were higher in comparison to those in the single-inlet system. Spinning action of rice kernels on its 
own axes during its travelling inside the polisher ensured uniform polishing. Average Dp and Br values after 
60 passes were estimated to be 8.31 ± 0.38%, 24.12 ± 0.51% and 11.39 ± 0.16%, 31.39 ± 1.65% with 
singleinlet and parallel-inlets polishers containing very fine abrasive particle surface, respectively. Cascade 
system (two single units in series) gave higher degree of polishing and broken content than the single unit for 
equivalent number of passes. There was no significant decrease in polishing and increase in broken content 
with the continuous (uninterrupted) use of very fine particle abrasive surface up to 2160 passes. Successive 
reduction in grain dimensions on both axes (length-wise and width-wise) occurred during the polishing 
action. Parallel-inlets polisher yielded slightly more whitish rice compared to single-inlet polisher due to 
more uniform polishing action on the kernel, but breakage was more in it. 

 
Keywords: Rice, Rice milling, Rice polishing, Pneumatic system, CFD simulation, Image analysis. 

 
 

ANTIFUNGAL EFFICACY OF ESSENTIAL OIL OF BETEL LEAF 
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Accession No.: NB15906 

 
The widespread awareness of green consumerism has led to an increased interest in safe and 

biodegradable alternatives like essential oil for food preservation. The essential oil is a naturally occurring 
secondary metabolite of plants having various bioactive phytochemicals mainly monoterpenes, 
sesquiterpenes, their oxygenated derivatives etc. Betel leaf (Piper betle L. cv. Tamluk Mitha) is a rich source 
of essential oil which remained unexplored as food preservative. The present study was focussed on 
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describing the efficacy of betel leaf essential oil (BLEO) against two predominant food spoilage fungi viz. 
Aspergillus flavus and Penicillium expansum using the existing predictive microbiological tools, and the 
potential of essential oil of betel leaf as food preservative. Chemical characterization of BLEO revealed the 
presence of chavibetol, estragole, β-cubebene, chavicol, and caryophyllene as major phytochemicals. To 
provide uniform distribution and enhanced bioavailability of the essential oil in the food system, a BLEO 
based microemulsion was formulated. The microemulsified BLEO had droplet diameter in nano-range with 
extended kinetic as well as thermodynamic stability. Prediction and validation of antifungal effect of BLEO 
on A. flavus and P. expansum was performed on potato dextrose agar, apple juice agar (AJA) and tomato 
paste. Re-parameterized Monod type equation estimated minimum inhibitory concentration of 3.55 ± 0.35 
mg/g and 0.74 ± 0.06 μl/ml of BLEO against A. flavus and P. expansum growth on tomato paste and AJA 
medium, respectively. The present study also described the effect of BLEO on spore germination, inactivation 
and cell viability of A. flavus and P. expansum using various predictive models. Modified Weibull model 
estimated that sporicidal concentration of BLEO could achieve 1 log10 reduction of A. flavus and P. 
expansum spores in 69.1 ± 4.85 and 60.7 ± 6.95 hours, respectively. Evaluation of food preservative potential 
of BLEO was also attempted to find out an organoleptically acceptable concentration of BLEO that can be 
employed in tomato paste and raw apple juice. This was followed by determination of the effect of the 
acceptable concentration of BLEO on tomato paste and raw apple juice for enhancing shelf life under 
accelerated (89 ± 1.2% RH at 39 ± 1 ºC) as well as refrigerated (4 ºC) conditions, respectively. The 
organoleptically acceptable concentration of BLEO could efficiently extend the shelf life of treated tomato 
paste and raw apple juice by 14 and 6 days, respectively, as compared to their untreated samples without 
hampering organoleptic properties of the food products. 
 
Keywords: Betel leaf essential oil; Microemulsion; Antifungal; Predictive mycology; Sensory; Tomato 
paste; Raw apple juice; Food preservative 
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Drought is a natural disaster and can virtually occur in any climatic zones. About 94% of natural 
disasters occur due to four major causes: earthquakes, tropical cyclones, floods and droughts. With an 
increase in the frequency and severity of droughts in different parts of world, there is a serious concern about 
this hydro-meteorological disaster. This study was conceived with an overall goal of drought assessment and 
management for mitigating drought impacts in Sina River basin of Maharashtra. It is located in the semi-arid 
region of Western India, which has a frequency of severe drought in 8 to 9 years.Water scarcity is a common 
problem in the study area, especially during dry periods. To accomplish the goal of this study, four specific 
objectives were formulated: (i) assessment of the performance of salient drought indices for characterizing 
droughts in the study area, (ii) evaluation of softcomputing techniques for forecasting droughts, (iii) 
investigation of the risk of hydro-climatic variability on groundwater using multivariate copula technique, 
and (iv) development of management strategies to mitigate drought impacts in the study area. The hydro-
climatic data of nine rainfall stations, four climate stations and ENSO Index data along with the seasonal 
groundwater-level data of 135 sites for the 1985-2009 period were used in this study. In addition, thematic 
layers such as land use/cover, soil, drainage density, runoff coefficient, and slope were also used.  

To fulfill the first objective, based on the data availability, five meteorological drought indices were 
considered for comparative evaluation namely, Percent Departure from Normal (PDN), Effective Drought 
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Index (EDI), Standardized Precipitation Index (SPI), Reconnaissance Drought Index (RDI), and Standardized 
Precipitation Evapotranspiration Index (SPEI). The performance of drought indices was evaluated using five 
decision criteria, viz., robustness, tractability, sophistication, transparency, and extendibility. For the second 
objective, four types of ANN models were developed for drought forecasting: simple ANN model and three 
hybrid ANN models, (a) wavelet-based ANN (WANN), (b) bootstrap-based ANN (BANN), and (c) wavelet-
bootstrap-based ANN (WBANN). The performance of these models were evaluated using suitable statistical 
and graphical indicators. For the efficient management of droughts in the study area, in the third objective, 
the response of post-monsoon groundwater levels in the unconfined aquifer of the basin to the monsoon (June 
to October) rainfall and the ENSO Index was investigated using copula modeling. Finally, for the fourth 
objective, to mitigate the impacts of drought, rainwater harvesting (RWH) potential in the study area was 
evaluated and suitable sites/zones were identified for RWH structures using geospatial techniques, 
Multicriteria Decision Analysis (MCDA) and Boolean Logic.  

The performance of drought indices indicated that SPEI at 9-month scale is the most suitable drought 
index for characterizing the droughts in the study area. For drought forecasting, SPEI-12 at lead times of 1 to 
6 months was found to be the best as compared to SPEI-3 and SPEI-6. Further, among the ANN models 
developed in this study, the performance of the WANN and WBANN models is superior to the simple ANN 
and BANN models. Hence, WANN and WBANN models are recommended for effective drought forecasting 
in the study area. The results of copula modeling indicated that the post-monsoon groundwater level (PMGL) 
and rainfall pair is best modelled by the Clayton copula, and the PMGL-ENSO Index pair is best modelled 
by the Frank copula. The Clayton copula-based conditional probability of PMGL being less than or equal to 
its average value at a given mean rainfall was above 70% for 33% of the study area. In contrast, the spatial 
variation of the Frank copula-based probability of PMGL being less than or equal to its average value was 
35-40% in 23% of the study area during El Niño phase, while it was below 15% in 35% of the area during 
La Niña phase. Moreover, the GIS-based MCDA techniques revealed that in ‘normal’ years, the zone having 
‘moderate’ rainwater harvesting potential zone is dominant in 80% of the study area (9802 km2) followed by 
‘good’ rainwater harvesting potential in 16% of the study area (1930 km2). For the cost-effective 
implementation of proposed RWH structures, 11% of the agricultural area was prioritized for the construction 
of farm ponds and 284 sites were prioritized for check dams. The findings of this study are useful for 
improved understanding of drought characteristics and for formulating efficient management strategies, 
which in turn can ensure effective mitigation of drought impacts in the study area.  

 
Keywords: Drought Indices, Drought forecasting, Softcomputing technique, Copula modeling, Rainwater 
harvesting, Geospatial techniques, Semi-arid region. 
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This research first aims to identify appropriate attributes defining the service quality of household 
toilets and WWM based on user perception and then to prioritize the same to identify appropriate areas of 
intervention, and finally to determine the service delivery level of each attribute based on users’ perception 
and expectation. While an initial list of attributes was selected from literature, the final list of attributes is 
selected after validation through focus groups discussions and expert opinion surveys. The attributes are 
prioritized using both stated and derived importance methods. The stated importance data is analyzed using 
the RIDIT analysis. The relative importance of attributes is derived through using weighted perception 
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approach, the gap analysis and willingness to pay (WTP) for the provision/improvement of toilets and 
maintenance of WWM facilities. The service delivery level of attributes is determined using level of service 
(LOS) scales, the zone of tolerance (ZOT) and users satisfaction level (USL). The study shows that the 
attributes prioritized by the users are different from the experts. While government policies emphasize on the 
construction of toilets, maintenance of toilets is found to be an important issue for the users. The service 
quality of attributes of subsidized toilets is perceived as poor. The households without toilets want 
improvement in the service level of several attributes as compared to the service level specified under 
sanitation programs. The households’ WTP for expected quality of sanitation services is significantly 
determined by their socio-economic characteristics and perceived service quality of sanitation facilities. The 
results also suggest that most of the users expect to have a toilet with the service level ranging between LOS 
A and LOS B. While ZOT for household toilet attributes range between LOS A and LOS B, ZOT for most 
of the attributes of WWM lies between LOS A and LOS C except few attributes where ZOT lies between 
LOS A and LOS B.  

 
Keywords: derived importance; expectation; household toilets; India; perception; priority; rural; service 
delivery level; service quality; stated importance; wastewater management; willingness to pay 
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Development-induced displacement is a critical issue in developing countries like India and is a 

source of several socio-economic problems. Presently, development banks use the concept of replacement 
cost to calculate compensation. In India, market value forms the basis of the same. However, studies indicate 
that compensation for material assets and livelihood loss fails to encompass the myriad of intangible losses 
experienced by the project affected people leading to under-compensation and marginalization of the 
displaced. This study resorts to an extensive literature review to identify the said intangibles and explores the 
concepts of place attachment, community attachment, cultural identity and attachment to dwelling. Based on 
existing literature 6 intangibles were identified, namely- place nature bonding, place identity, goodwill and 
place dependence, place social bonding, culture and community attachment and attachment to dwelling. The 
intangibles were developed in the form of constructs, each with multiple 5-point Likert scale items. A pilot 
survey was first conducted, to check if the respondents related to the items and to check if the constructs fared 
well in confirmatory factor analysis in terms of model fit. Based on the observations, the items were refined. 
The constructs in their final form were then empirically tested in 2 study areas, one rural and the other urban. 
Confirmatory factor analysis was done to check for model fit. Focus group discussions and open-ended 
interviews helped identify the various issues associated with displacement and rehabilitation. Further 
examination was made regarding the nature of said intangibles i.e., the variation in the responses for different 
sub-sections of the population. ANOVA and T-tests were used to decipher the impact of socio-economic and 

dwelling characteristics on the constructs. A comparative analysis was then made between the 
responses received from rural versus the urban context, to see if any difference existed in the responses. 
Though place attachment and other intangibles have been examined before, it has been applied for the first 
time in the context of project affected people i.e., those displaced by a development project. Variation in such 
intangibles has been explored in relation to variation in dwelling characteristics in such depth for the first 
time as well. 
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In this era of globalization and the need to market themselves as global cities, urban areas are 

adopting development strategies to economically reposition themselves, to revive their image and vitality. 
Urban waterfronts in this regard are unique cultural resources that have great potential to help achieve the 
goal. However, by being an interface between city and water, they are one of the most complex and 
challenging lands in cities. Researchers acknowledge and show concern that waterfront planning and 
development processes ignore aspirations and desires of residents. Research literature stops short of 
identifying residents’ perception regarding impacts of urban waterfront development, and how these 
influence their choice for supporting a type of development option. 

Against the aforesaid background, the present study is an attempt to addresses this imbalance in the 
research domain. The study considers urban riverfront development and suggests that development initiatives 
will generate benefits (positive impacts), and impose certain costs (negative impacts) in the urban area 
considering them. Residents’ attitude and support towards riverfront development in an urban area will be 
influenced by their perception of economic, social, and environmental impacts of such development. This in 
turn will influence their perception of overall impact of such developments and their support and choice for 
considering certain riverfront development type. The research proposes to establish and examine the 
structural relationship that exists among the perceived impact dimensions and urban riverfront development 
options that residents would prefer. 

The empirical analysis has been able to establish a structural relationship between residents’ 
perception of impacts of urban riverfront development and its development types. This methodology provides 
with an essential tool to identify residents’ perception regarding impacts of urban riverfront development. 
This can be used to ensure residents’ support and participation aimed at sustainable, continued and inclusive 
development process of riverfront areas. 

 
Keywords: urban riverfront development, residents’ impact perception, economic impact, social impact, 
environmental impact, urban imagibility, structural model 
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Penicillin-binding proteins (PBPs), membrane-anchored ectoproteins, are instrumental in the 

polymerization and remodelling of the peptidoglycans (PG), the stress-bearing component of the bacterial 
cell wall. PBPs have been exploited as the targets of the highly successful antibiotics, β-lactams. PBP5, the 
most abundant low molecular mass (LMM) PBP, functions as a D-alanine carboxypeptidase (DD-CPase) that 
cleaves the C-terminal D-alanine from cell wall pentapeptides. DacD, a member of LMM-PBPs, has 
sequences similarities with E. coli PBP5. However, the function(s) of DacD in E. coli or its homologue in K. 
pneumonia (KDacD) is unclear. In addition, the function of AmpH, another LMM-PBP that has been claimed 
to possess DD-CPase activity remains unexplored. To assess the nature of the DacD, KDacD and AmpH, the 
genes of the soluble form of these enzymes (excluding signal peptide and membrane anchors), were cloned, 
viz., sDacD, sKDacD and sAmpH, respectively. The proteins were overexpressed in E. coli, purified through 
ampicillin-affinity chromatography and subsequently analyzed for their kinetic behaviours. The sDacD 
exhibited a comparatively higher DD-CPase activity than sKDacD and sAmpH in vitro against peptidoglycan 
mimetic pentapeptide substrate. AmpH assists biofilm formation in E. coli. To address the molecular 
interactions, in silico 3D-models of the proteins were created and their structure-function relationships were 
studied with reference to the E. coli PBP5. The in silico analyses hypothesize active site grove volume of 
DacD might act as a determinant of its DD-CPase activity. Among all the LMM-PBPs, PBP5 is known for 
its high DD-CPase activity. However, structurally it shares similarity with the class A β-lactamases (TEM-
1) around their penicillin-binding domain. PBP5 possesses an equivalent Ω-like loop of β-lactamases. To 
understand the physiological significance of the ‘Ω-like’ loop in PBP5, A184E is generated (PBP5_A184E). 
The mutant protein was able to revert back the deformed cell shape of CS703-1 (seven PBP deletion mutant 
of CS109), thus maintains the consistency with its unchanged DD-CPase activity. Surprisingly, PBP5_A184E 
shows a dramatic increase in β-lactam resistance towards both penicillin and cephalosporin group of 
antibiotics as compared to the cells expressing PBP5. Therefore, the point mutation introduces β-lactamase 
nature in PBP5 without affecting its DD-CPase activity. 

 
 

NON-MULBERRY SILK FIBROIN BASED BIOMATERIALS FOR LOAD 
BEARING TISSUE REGENERATION 
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Bone fracture, defect or diseases caused from injury, trauma or natural aging require surgical 
treatments, which includes implantation of temporary or permanent prosthetic device depending upon the 
medical condition of the patient. Metal based implants for replacement of malfunctioning bone tissue, 
especially large bone defect, are the popular treatment followed throughout the world. On the other hand, the 
advantages of possessing biologically inspired nanotopography, biomimicking extracellular matrix (ECM), 
and combined features of the components, the composite based implants are favored against polymer and 
ceramics for successful tissue/organ regeneration. In this study, silk protein fibroins (mulberry: B. mori and 
non-mulberry tropical tasar: A. mylitta) are used to modify orthopedic titanium (Ti) implants for better 
implant incorporation in bone. Carbon nanofibers (CNF) reinforced non-mulberry silk fibroin (A. mylitta) 
scaffolds are fabricated by functionalizing the CNF and subsequently dispersing in fibroin using green 
aqueous based method. The composite film and porous sponge are fabricated using solvent evaporation and 
freeze drying technique. Different biophysical characterizations and cytocompatibility of the surface 
modified or fabricated scaffolds are investigated. The results show that inherent –RGD- containing non-
mulberry fibroin modified Ti surface facilitates early cell attachment followed by improved cell proliferation 
and mineralization. In presence of macrophage, the implants do not elicit significant immune response. 
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Moreover, interaction between osteoblast and macrophage exhibit enhanced mineralization, which ultimately 
results in enhanced osseointegration. The CNF-fibroin composite matrices are shown to have excellent 
conductivity (6.4 × 10−6 Mho-cm), superior mechanical strength (12.5 times tensile and 4.3 times compressive 
modulus of the control films and scaffolds, respectively). The composite matrices (up to the composition of 
1 mg of CNF per mL of 2% w/v fibroin) support better fibroblast (on film); osteoblast and mesenchymal stem 
cell (on sponge) growth and proliferation. Additionally the matrices are found to be non-hemolytic. The dual 
growth factors (GF): BMP-2 and TGF-β1 are efficiently loaded into the composite sponges, which eventually 
show sustained release kinetics. The GF loaded matrices stimulate the osteoblast and stem cells towards 
osteogenic lineage. The matrices are immunocompatible as observed from the released cytokine level in in 
vitro culture supernatant and in vivo systemic blood flow. New Zealand rabbit femur defect model is chosen 
for in vivo analysis of new bone formation within the implant. X-ray, μ-CT, fluorochrome and histology 
labeling show statistically better bone formation on GF loaded composite sponges than without GF loaded 
composite and pure fibroin sponges. The studies confirm the candidature of fibroin as an important 
biomolecule for implant surface modification as well as a protein matrix for biomimetic composite ECM for 
early osseointegration and successful osteogenesis process. The matrices can be explored as novel 
multifunctional biomaterial platform for supporting conductive as well as load bearing tissue (muscle and 
nerve) regenerations. Moreover they may help in mimicking the in vivo physiological niche as well as in vitro 
bone disease tissue model. 

 
Keywords: Silk fibroin; Titanium; Carbon nanofiber; Composite sponge; Compressive modulus; Growth 
factors, TGF-β1 BMP-2; Bone tissue engineering. 
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Peptidoglycan (PG), one of the major components of the bacterial cell wall is synthesized by 

enzymes called penicillin-binding proteins (PBP). Some low molecular mass (LMM) PBPs are involved in 
PG recycling and shedding muramyl fragments, leading to elicitation of innate immune response in host. 
However, the bacteria are able to overcome the activities of the immune system and survive therein, like in 
Gram-negative Escherichia coli, which subsequently form biofilms during gastro-intestinal infections. We 
hypothesize that the LMM PBPs may have an important role in evading the host immune responses and in 
biofilm formation. Thus, Endopeptidase (EPases- PBP 4 & 7) and DD-Carboxypeptidase (DD-CPases- PBPs 
5, 6 & DacD) deletion mutants were constructed from E. coli CS109, sequentially in different combinations 
and studied for their survival after infecting RAW 264.7 macrophages. The ability of infected macrophages 
towards oxidative killing- ROS and RNS production was determined along with the capacity of these mutants 
to survive within the macrophages. Following macrophage activation, surface expression of TLR2 and MHC 
class II molecules and release of TNFα was also detected in the infected cells. Infection with EPase mutants 
had lowered whereas that with DD-CPase mutants had enhanced these immune responses throughout. 
However, infection with EPase mutants showed higher levels of NFκβ, iNOS and TLR2 transcripts. Also, 
infection with DD-CPase mutants had these transcripts’ levels similarly elevated like the macrophages 
infected with their parent. Overall, based on the mutational and morphological analysis, we have shown that 
deletion of EPases reduces the immune responses; though, under normal conditions, EPases have a tendency 
to elicit immune responses, but their effect is suppressed by the presence of DD-CPases. Conversely, DD-
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CPases, under normal conditions, have a tendency to reduce immune responses and their deletion, either 
individually or in combinations enhance these responses. Therefore, it was categorized that the roles of 
EPases and DD-CPases are possibly counter-active in E. coli, leading to a general maintenance of low 
immunogenicity which might help them in evading host innate immune responses. Also, in the subsequent 
part of this study, it was seen that deletion of LMM PBPs in E. coli CS109 reduces its biofilm formation 
abilities, adhesion and viability in the biofilm matrix. Being an essential part of the biofilm matrix, the 
exopolysaccharides (EPS) produced was studied upon deletion of PBP 4 and PBP 5, where their EPS 
production had reduced. On purification by anion exchange chromatography, their EPS was eluted at higher 
concentrations of NaCl suggesting an increased negative charge than their parent EPS. Also, the TLC and 
GC-MS/MS analyses of EPS from both mutants revealed the appearance of xylose (an unusual sugar) in 
addition to glucose, galactose and mannose. Therefore, the probable reason for reduced biofilm formation 
was identified to be the production of xylose and thereby xylitol, by blockage of the pentose phosphate 
pathway on LMM PBP deletions in E. coli.  

 
Keywords: Penicillin-binding proteins, endopeptidase, DD-carboxypeptidase, Escherichia coli, infection, 
macrophages, biofilm, exopolysaccharide 
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RNA plays major roles in many cellular functions including protein synthesis and gene regulation 
at transcriptional and post transcriptional level. Moreover, majority of these cellular functions requires 
interaction of RNA with its partner protein. This study explores two aspects of RNA biology: first, sequence 
based analysis to identify and classify the non-coding RNAs (ncRNA) and their interactions; second, 
structural analysis of protein-RNA interactions. The traditional computational strategies predict very few 
miRNAs in plants due to the constrained search space used in their identification. A new prediction pipeline 
was developed in this study by analysing all the known miRNAs to expand the search space and by including 
more sequence and secondary structure based parameters to eliminate false positives. The pipeline developed 
was successfully tested on the genome of two model plant species, Glycine max and Arabidopsis thaliana. 
This pipeline was employed to predict the miRNAs of the three economically important plant species 
Phaseolus vulgaris, Cajanus cajan and Hordeum vulgare, along with their targeted coding genes. Besides, 
lncRNAs and miRNAs targeting lncRNAs were also identified. In addition, different attributes were used to 
analyse the various classes of ncRNAs, which have been further trained to develop classifiers to distinguish 
them. To understand the molecular mechanism of the cellular functions of RNAs, three dimensional atomic 
structures of protein-RNA complexes and their unbound forms are essential. A non-redundant dataset of 
protein-RNA complexes was curated from the Protein Data Bank, and have further used for the development 
of protein–RNA docking benchmark v2.0. Experimentally determined affinity values were curated for 40 
protein-RNA complexes in this benchmark dataset by conducting an exhaustive literature survey. 
Furthermore, a mutational energetics dataset consisting of 123 mutations for these complexes was curated. 
The structural and physicochemical parameters of protein-RNA complexes and their unbound structures were 
used to train a mathematical model to accurately predict the binding affinity of protein-RNA recognition. The 
studies presented in this dissertation will provide a platform for genome-wide identification and classification 
of ncRNAs in various plant species. Besides, the structural study of protein-RNA interactions will further 
enhance our understanding of structural basis of protein-RNA recognition. 
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Keywords: non-coding RNA, RNA-binding protein, protein-RNA complexes, protein-RNA recognition, 
conformational flexibility, binding affinity 
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Tuberculosis (TB) is one of the major global public health problems, which is caused by contagious bacterium 
Mycobacterium tuberculosis. TB remains one of the top 10 causes of death worldwide in 2015. Novel 
biomarkers are required for rapid and specific detection of tuberculosis since 47 million lives are saved 
through TB diagnosis and treatment from 2010 to 2015. MTC28 (Rv0040c), a 28 kDa Mtb complex specific 
antigen, is a potential diagnostic marker against TB. The crystal structure of MTC28 at 2.8Å and 2.15Å 
resolutions are solved and it shares a ‘mog1p’ fold consisting of seven antiparallel β strands stacked between 
three α helices. The probable epitope site of this antigen is mapped by both computationally and 
experimentally. Five probable epitopes are located by molecular dynamics and simulation studies. 
Simultaneously, the protein is digested with trypsin and the resulting fragments are purified by HPLC. Such 
10 purified peptide fragments are screened against sera from patients infected with pulmonary tuberculosis 
(PTB). Two out of these ten fragments namely 127ALDITLPMPPR137 and 
138WTQVPDPNVPDAFVVIADR156 are found to be major immunogenic epitopes that are localized on the 
outer surface of the protein molecule and are part of a single continuous epitope. The experimentally mapped 
epitope is matched with two of the in silico predicted epitopes. Mutagenesis and antibody inhibition studies 
are in accordance with the results obtained from epitope mapping. MTC28 is also shown to be involved in 
biofilm formation in Mycobacterium smegmatis mc2155. Increased surface hydrophobicity and decreased 
surface charge density are observed when MTC28 is added externally to the culture medium. This alteration 
of surface properties leads to cell aggregation and biofilm formation. The structural analysis of MTC28 shows 
that surface of the protein contains a positively charged ‘V’ shaped cleft, contains an α1β1 region, which 
might binds to the negatively charged cell surface. Mutagenesis studies confirm that the α1β1 region of the 
MTC28 is responsible for the biofilm forming activity. MTC28 is found to be localized on the cell wall as 
evident from FACS and confocal microscopy results. MTC28 along with its signal peptide is cloned and 
expressed in Mycobacterium smegmatis, which eventually secretes the protein in the culture filtrate as 
confirmed by western blotting and peptide mass fingerprinting. The bacterial cells (secreting MTC28) show 
increased biofilm formation with increased surface roughness with respect to the wild type as evident from 
the atomic force micrographs. Finally it is shown that MTC28 stimulates the biofilm formation ability of the 
cells and ultimately results in their antibiotic/drug resistance.  

 
Keywords: Mycobacterium tuberculosis, Mycobacterium smegmatis, 28kDa antigen MTC28, X-ray 
crystallography, Crystal structure, Epitope mapping, Biofilm. 
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Environment friendly, economic and efficient processes for bioenergy generation are required to 
fulfill the energy demands of today’s anthropogenic world. Biohythane production plays important role for a 
cleaner and efficient bioenergy generation. It also improves the overall gaseous energy recovery. 
Commercialization of biohythane process requires exploration of cheaper substrates, potential microbial 
cultures and efficient process designs. These factors can be easily controlled and optimized in a two stage 
biohythane production process as compared with a single stage biohythane process. Optimization of the 
hydrogen and methane production phases improves the overall energy efficiency and biohythane 
productivity. Aim of the present study was to develop an efficient two stage biohythane production process 
by using organic wastewater. Different wastewaters viz., distillery effluent, cheese whey, starchy wastewater 
and brewery wastewater, were explored as substrate for biohydrogen production using Klebsiella pneumoniae 
IIT-BT 08. Distillery effluent was found most suitable with a hydrogen yield of 3.47 mol H2 / Kg CODreduced. 
Elemental analysis showed that distillery effluent was lacking in some of the essential micronutrients required 
for fermentative hydrogen production. Supplementation of FeSO4, MgSO4, CuCl2, yeast extract and malt 
extract showed 3 fold improvement in hydrogen yield as compared with non-supplemented distillery effluent. 
Hydrogen yield of 7.64 mol H2 / Kg CODreduced was observed after optimizing the nutritional supplements by 
central composite design (CCD). A potential acidogenic mixed consortium (AMC) was developed (2.66 mol 
H2 / mol glucosereduced) from anaerobic digester. Phylogenetic analysis showed dominance of Clostrium 
sp. A gradual acclimatization of AMC in an increasing gradient of distillery effluent showed 1.6 folds increase 
in the cumulative hydrogen production (142 ± 2.1 mmol / L). Modified Gompertz model showed higher 
hydrogen production potential of AMC (166.5 mmol H2 / L), as compared with co-culture (K. pneumoniae 
IIT-BT 08 and C. fruendii IIT-BT L139) (120.3 mmol H2 / L), and pure culture (K pneumoniae) (81.1 mmol 
H2 / L). Different organic solid wastes rich in nitrogen and minerals were explored as a co-substrate with 
distillery effluent to make the process economically feasible. Groundnut deoiled cake (150.7 mmol H2 / L) 
and distiller’s dried grain with solubles (144.2 mmol H2 / L) were found as a better co-substrate as compared 
to mustard deoiled cake (109.1 mmol H2 / L) and algal biomass (116.1 mmol H2 / L). A significant reduction 
(> 97 %) in the substrate input cost (SIC) was attained by replacing tryptone with cheaper organic co-
substrates. Methanogenic mixed consortium (MMC) was developed and methane yield of 0.78 mol CH4 / 
mol acetatereduced was obtained at optimum conditions. Combination of an ethanol utilizing consortium 
(EUC) with methanogenic consortium (MMC) showed more than 56.3 % and 26.6 % improvement in ethanol 
conversion efficiency and cumulative methane production, respectively. Two stage continuous hydrogen and 
methane production from distillery effluent resulted in 40.31 ± 0.65 L H2 / Kg CODreduced and 127.1 ± 0.15 L 
CH4 / Kg CODreduced with overall CODs reduction of 85.5 % and energy recovery of 38.98 %.  

 
Keywords: Klebsiella pneumoniae IIT-BT 08, Citrobacter fruendii IIT-BT L139, acidogenic mixed 
consortium, methanogenic mixed consortium, two stage biohythane, distillery effluent. 
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Microbial diversity of arsenic (As) contaminated groundwater of North Eastern state (Assam) in the 
Brahmaputra river basin (BRB) was studied using culture dependent approach. Diversity of cultivable 
bacterial populations has revealed predominance of Brevundimonas (35%) and Acidovorax (23%) along with 
Acinetobacter (10%), Pseudomonas (9%), Undibacterium, Herbaspirillum, Rhodococcus, Staphylococcus, 
Bosea, Bacillus, Ralstonia, Caulobacter and Rhizobiales (<5%). The microbial diversity obtained exhibited 
high resistance to As, diverse metabolism related to their growth utilizing various C-sources and alternate 
inorganic electron acceptors [As5+, Se6+, Fe3+, NO3

-, SO4
2-, S2O3

2-] during anaerobic growth. Enrichment 
study to explore the predominating anaerobic microbial community was performed through PCR-DGGE 
technique. Microbial enrichment microcosm study from As rich aquifer sediments revealed highest anaerobic 
microbial diversity in absence of added organic carbon. Phylogenetic analysis revealed the dominance of 
strict to facultative anaerobic bacterial members of Clostridiaceae, Lachnospiraceae, 
Peptostreptococcaceae, Desulfotomaculum, Bacillus, Anaerostipes etc. in the enrichment cultures. Addition 
of As5+ to the enrichment cultures had a profound impact on selective bacterial enrichment as well as 
elemental release in the supernatant. Geological analysis including XRD, SEM and EDX revealed sediment 
weathering due to microbial activity. Sulphate reduction in absence of added As5+ by potent sulphate reducers 
appears to be limited upon addition of As5+. Among the various genera detected through cultivable (aerobic) 
as well as enrichment (anaerobic) studies, Bacillus was found to be a facultative anaerobic bacterium which 
could be a potent As metaboliser in varying redox environments. Therefore, strain IIIJ3-1 a member of genus 
Bacillus was selected for further study. The bacterium was found to be gram positive, endospore forming, 
non-capsulated, catalase and oxidase positive, moderately alkaliphilic which exhibited facultative anaerobic 
growth with As5+ as TEA. Anaerobic growth kinetics and electron acceptor reduction profile revealed 
preference of As5+ followed by Fe3+, Se6+, NO3

-, SO4
2-. Phylogenetic analysis, biochemical properties, 

metabolic profiling, chemotaxonomic characters and molecular properties confirmed the isolate to be a novel 
member of B. cereus sensu lato for which the type strain is Bacillus inferioriaquae IIIJ3-1(T) (=MCC2980T 
=BCCM LMG 29433T =JCM 31241T). Deduced amino acid sequences of As homeostasis genes arr, acr3(1) 
and arsB obtained from strain IIIJ3-1 revealed phylogenetic relatedness with those reported from other As 
resistant Bacillus sp. whereas aioB showed phylogenetic incongruency. Microcosm studies showed enhanced 
ability of the strain IIIJ3-1 to release As from As rich sand in presence of lactate as electron donor. EDX 
analysis and XRD data corroborated this observation. Addition of NO - in aerobic or anaerobic condition 
further enhanced the release of As from sand by strain IIIJ3-1. Decoupled release of As with that of Fe was 
found. Arsenic sequestration occurred in the secondary mineral phases of the sediment coupled with release 
of Fe. Minimal concentrations of organic matter in the aqueous phase supports the growth of this strain under 
reducing conditions with NO - as a favourable TEA. Addition of As5+ as TEA showed selective growth of the 
dominant bacterial species and abolished the sparse population. The study reports for the first time the identity 
and metabolic abilities of bacteria in As contaminated ground water of BRB, useful to elucidate the microbial 
role in influencing mobilization of As in the region.  
 
Keywords: Microbial diversity, arsenic contaminated groundwater, Bacillus cereus, dissimilatory arsenate 
reducing prokaryote, microcosm study, subsurface As release 
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UNDERSTANDING STRUCTURAL AND PHYSICOCHEMICAL BASIS 
OF PROTEIN-RNA AND PROTEIN-PROTEIN INTERACTIONS 

 
Sunandan Mukherjee 

Supervisor: Dr. Ranjit Prasad Bahadur 
Department of Biotechnology 

Accession No.: NB16112 
 

Biomolecular interactions including protein-RNA, protein-DNA, and protein-protein are driven by 
the physicochemical and structural complementarity of interacting partners. Besides, these interactions are 
also significantly influenced by the water molecules at their interfaces. In this study, two major aspects of 
biomolecular recognitions are explored: conformational changes upon binding of RNA binding proteins 
(RBPs) with its partner RNAs, and roles played by water molecules in protein-protein recognition. The bound 
and unbound structures of RBPs and RNAs are used to evaluate the conformational changes in terms of 
changes in the solvent accessible surface area upon binding. It is observed that, in majority of cases, both 
binding partners gain accessibility, which is often associated with larger domain movements and (or) disorder 
to order transitions in RBPs, and binding-induced conformational changes in RNAs. In this study, the ratio 
of gain to loss of accessibility is developed as a parameter to identify the native structure from various models 
generated by the docking algorithms. Moreover, the transitions of side-chain torsion angles in RBPs upon 
binding with RNAs is explored, and six rotamer libraries are developed that corresponds to the interface, non-
interface and overall surface of both bound and unbound forms of the RBPs. Likewise, the conformation of 
RNAs at interface and non-interface region is also investigated. Furthermore, a distance-dependent 
propensity based pair-potential, ProSPR, is developed to successfully discriminate the near-native models 
from the computationally generated decoys of protein-RNA complexes. To understand the role of interface 
water molecules at protein-protein binding sites, their hydrogen bonding pattern with protein polar groups 
are compared between the bound and unbound structures. This study classifies these water binding sites as 
preservation, hydration and dehydration sites, and establishes their roles in stability and specificity of binding. 
In addition, a similar analysis is performed on solvated models generated from molecular dynamics 
simulations to address the limitation of underrepresented water molecules in crystal structures. The findings 
in this study can contribute to understanding the structural basis of conformational changes in protein-RNA 
interactions, which may be useful in flexible docking and engineering RBPs. The study of water molecules 
at the protein-protein interfaces may have implications in the prediction of water molecules in low-resolution 
structures.  

 
Keywords: protein-RNA recognition, accessibility, conformational changes, rotamer library, scoring 
function, protein-protein interactions, interface water. 

 
 

ATYPICAL MAPK SIGNALING PATHWAY AND AUTOPHAGY IN 
ENTAMOEBA INVADENS 
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Entamoeba histolytica is a monogenetic protozoan endoparasite which causes amoebiasis in human 
beings. It has a biphasic life cycle that interchanges between two different forms: the invasive, motile 
trophozoite form and the infective, non-motile cyst form. Their entire life cycle involves exposure to stressful 
environments both inside and outside the host body. Cellular stresses stimulate several signaling cascades 
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which prepare the parasite to counter-attack such circumstances and survive. Through this work, an attempt 
is made to identify a stressresponsive pathway, especially activated during encystation. Entamoeba invadens, 
a reptilian parasite, has been chosen as a model organism because of its ability to undergo encystation under 
in vitro conditions. In the present study, a novel mitogen-activated protein kinase (MAPK) has been 
discovered in E. invadens, which gets over-expressed under different stress conditions. Sequence analyses 
by multiple sequence alignment and phylogenetic classification show that the protein belongs to atypical 
MAPK15 family (named as EiMAPK15). The members of this family do not require any upstream MAPKK 
for their phosphorylation. They have an intrinsic ability to undergo autophosphorylation. EiMAPK15 gene 
was cloned, overexpressed in bacteria, and characterized. Immunolocalization of EiMAPK15 demonstrated 
that the protein is mainly cytosolic under normal growing conditions but gets translocated into the nucleus 
under cellular stress conditions. Knockdown of EiMAPK15 using double-stranded RNA significantly 
suppressed the expression of other encystation-specific genes like chitin synthase 1, jacob 2, and jessie 3a 
which resulted in the decline of the overall encystation efficiency of the cells. The in vitro kinase activity of 
recombinant and native EiMAPK15 exhibited the autophosphorylation ability of the protein. Through this 
work, we have also established a crosstalk between the two pathways: MAPK15 and autophagy, both of 
which are activated during encystation. Our findings reveal that EiMAPK15 interacts with EiATG8 by a 
highly conserved ATG8-interacting region (AIR) motif present at the C-terminal of the protein. EiMAPK15 
gets localized to autophagic structures by interacting with ATG8 and plays an important role in the formation 
of these compartments. Downregulation of EiMAPK15 reduced the autophagosome formation in the parasite 
resulting in the disruption of macroautophagy. It also triggered the cell to undergo nuclear autophagy-like 
phenomenon which was illustrated by the localization of ATG8 molecules around the nucleus. This is the 
first instance when nuclear autophagy has been observed in the parasite. Overall, our results suggest that both 
MAPK signaling pathway and autophagy work in a coordinated way helping the parasite withstand the 
starvation conditions. 

 
 

SEGREGATION OF IRON ORE AND COAL PARTICLE IN LIQUID-
SOLID FLUIDIZED BED 

 
Alok Tripathy 

Supervisors: Prof. B. C. Meikap and Dr. S. K. Biswal, CSIR-IMMT, Bhubaneswar 
Department of Chemical Engineering 

Accession No.: NB16090 
 

Liquid-solid fluidized bed separators are one of the important types of equipment for the 
beneficiation of low-grade ore. Experiments were carried out for understanding the separation of coal in the 
allflux separator. More importantly, the study provides an insight into the presence of particle misplacement 
during separation of particles. Two new indexes “misplacement index” and “normalized misplacement index” 
were proposed in the present study for quantification of the degree of particle misplacement and segregation 
performance in liquid-solid fluidized bed. The present study emphasizes into the qualitative and quantitative 
evaluation of the misplacement of particles inside a fluidized bed separator. Binary mixtures of iron ore, and 
quartz were used to study the misplacement of particle. The present investigation also aims at understanding 
the effect of vertical baffle along with parameters such as superficial velocity, overflow height, feed 
composition and Mean Particle Size Ratio (MPSR) on the particle misplacement and segregation in a liquid-
solid fluidized bed separator. Further, the study explores to understand the effect of the different cross-
sectional shape of columns on the hydrodynamics, separation, and misplacement of particles in liquid-solid 
fluidization. A predictive model for above two indexes were also developed using artificial neural network. 
The model is having three-layer architecture (i.e. MLP 7-4-2). It is found that MPSR, particle sizes, static 
bed height, iron ore concentration in the feed, overflow height and superficial velocity have a significant 
effect on the misplacement of the particles. Further, there exists a critical feed composition where the 
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misplacement is low. In addition to this, there also exists a critical MPSR where the fluidized bed operates in 
a completely mixed state and the point could be considered as the starting of the layer inversion. It was found 
that the fin type vertical baffles have negligible or no effect on the particle misplacement. The results indicate 
that there is a critical length to width ratio of column, beyond which substantial reduction in particle 
misplacement is possible. The particle misplacement is low for rectangular shape columns compared to the 
square and circular shapes. 

 
Keywords: Liquid-solid fluidization; misplacement index; normalized misplacement index; degree of 
misplacement; segregation; ANN. 
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Low temperature plasma treatment using pulsed direct current discharge of nitrogen and ammonia 
gases was employed to enhance hydrophilicity of the polyacrylonitrile co-polymer membrane surface. Carbon 
dioxide and nitrogen plasma of radio frequency discharge were also used to modify the surface of the 
membrane. The enhancement of hydrophilicity of the plasma modified membrane surface was evaluated by 
measuring the contact angle. The membranes were characterized in terms of morphology, structure, 
wettability and performance. Properties and functional groups on the surface of polyacrylonitrile co-polymer 
membranes were investigated by scanning electron microscopy, atomic force microscopy and x-ray 
photoelectron spectroscopy. Influence of various plasma operating conditions, namely, pulsed voltage, duty 
cycle, power and exposure time on improvement of permeability and hydrophilicity of the membrane was 
investigated. Hydrophilicity of the nitrogen plasma treated membranes was more at higher exposure time and 
power for radio frequency discharge. Permeability of pulsed direct current nitrogen plasma treated membrane 
was enhanced by 47% and it was retained upto 70 days. Surface etching due to plasma treatment was 
confirmed by weight loss of the treated membranes. About 78% increase in average pore size was obtained 
using radio frequency carbon dioxide plasma treatment due to surface etching. In case of ammonia plasma 
treatment, the pore size remains same but the hydrophilicity was improved significantly. The ammonia 
plasma treated membranes were used for separation of oil-water emulsion. It was found that the anti-fouling 
property of membrane improved remarkably after plasma treatment by enhancement of permeate flux without 
significant changes in oil rejection. About 32% increase in permeate flux of the treated membrane was 
obtained due to superior efficacy for augmenting anti-fouling characteristics. On the other hand, for pulsed 
DC discharge nitrogen plasma results in surface etching leading to increase in average pore size thereby 
lowering the rejection of 200 kDa polyethylene glycol to about 70%. Low temperature RF plasma is preferred 
due to uniform distribution of plasma inside the reactor providing good functionalization rates with less gas 
breakdown voltage. The RF nitrogen plasma treatment (70 W, 8 min) rendered the modified PAN surface to 
be the most hydrophilic (8° ± 2°). Radio frequency discharge of nitrogen plasma was more superior to the 
carbon dioxide plasma in conferring greater wettability, higher functionality and lower weight loss of the 
PAN membranes. The pore enlargement due to plasma etching is the only dominating factor in enhancing 
permeability (70%) of RF carbon dioxide modified (70 W, 6 min) membrane throughout the ageing period 
of 100 days. The combined effect of pore enlargement and hydrophilicity leads to increase in permeability of 
the RF nitrogen modified membrane for the initial 20 days of aging. After 20 days of the ageing period, the 
permeability of treated PAN only depends on pore enlargement due to plasma etching. Hydrophilicity of 
radio frequency carbon dioxide plasma modified membrane was enhanced by 22% and it was maintained 
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upto 100 days. The pulsed DC ammonia plasma treatment is better than the nitrogen plasma of RF and DC 
discharge that incorporates various hydrophilic functional groups on the surface with insignificant weight 
loss and pore enlargement due to marginal etching. As compared to DC discharge of nitrogen and ammonia 
plasma, the carbon dioxide RF plasma has a high etching rate resulting in the significant weight loss of the 
membrane. The RF nitrogen plasma modified surfaces appear to retain their functionality better than the 
pulsed DC discharge of nitrogen plasma-treated samples. Oxygen and nitrogen functional groups were 
identified to be responsible for surface hydrophilicity.  

 
Keywords: Polyacrylonitrile co-polymer membrane; plasma treatment; hydrophilicity; permeability; contact 
angle. 
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HALOBENZENES WITH CARBONACEOUS AND OXIDE SURFACES 
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Synthesis of novel and efficient catalysts for acetylene hydrogenation exhibiting high selectivity 
towards ethylene and for C-C cross coupling reactions of pharmaceutical importance, viz., Heck and Suzuki-
Miyaura cross coupling, is important due to the presence of selective acetylene hydrogenation reaction in 
petrochemical processing and to get the poison-free product in pharmaceutical industries, respectively. Since 
adsorption of C2-gases and halobenzenes constitutes the primary step in catalytic hydrogenation and C-C 
cross coupling reactions, respectively, and governs the selectivity of the catalysts, we have explored the C2-
gas and halobenzene adsorption potentials of modified C60 and reducible CeO2-based systems. 

Density functional theory (DFT) investigations of palladium and nickel substituted fullerenes 
(C59M; M = Pd/ Ni) were carried out probing the changes in their surface adsorption potential. Structure and 
bonding in the proposed heterofullerenes were established with insights into metal-carbon bond character, 
stability and adsorption potential. C2-gases (C2H2, C2H4 and C2H6) and halobenzenes (C6H5X; X = F/Cl/Br/I) 
were used as probes for adsorption tests. Adsorption of C2H2, C2H4 and C2H6 was studied with different 
adsorption sites over pure and heterofullerenes. Adsorption of C2H2 was found to be stronger than the 
adsorption of C2H4 and C2H6 over C60. Surface modi_cation of C60 with a foreign metal improved gas-
substrate (C2-heterofullerene) interactions. Adsorption of halobenzenes was observed to be mildly exergonic 
over both the heterofullerenes with an activation of all halobenzenes over both the heterofullerenes. Oxidative 
addition of C6H5I was found to be the least energy intensive process with a free energy requirement that was 
three times smaller than that for C6H5F over C59Pd. 

Enhanced surface interactions and differential adsorption behaviors of different heterofullerenes 
made them potential catalysts for acetylene hydrogenation and C-C cross coupling reactions. Free energy 
landscapes for hydrogenation of C2H2 and C2H4 over C60 and heterofullerenes were developed. The energy 
barriers for various elementary steps during hydrogenation were significantly smaller over the 
heterofullerenes when compared to those over C60. Whereas the substitution of either metal resulted in a 
reduction of activation barriers, the activation barriers for post-ethylene formation reactions were smaller 
over C59Ni making C59Pd a good selective acetylene hydrogenation catalyst. Oxidative addition, a step 
common to both Heck and Suzuki-Miyaura cross coupling reactions, was observed to proceed with smaller 
activation barriers over C59Pd. Heck coupling of C6H5I with styrene was observed to proceed via oxidative 
addition, migratory insertion and reductive elimination steps. The free energy barriers for oxidative addition, 
migratory insertion and reductive elimination steps were 14.8, 11.6 and 4.8 kcal/mol, respectively, over 
C59Pd, and 17.4, 79.3 and 17.4 kcal/mol, respectively, over C59Ni, indicating oxidative addition and migratory 
insertion to be the rate-determining steps over C59Pd and C59Ni, respectively. Similarly for Suzuki-Miyaura 
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coupling reaction, activation barriers for oxidative addition, transmetalation and reductive elimination steps 
were 14.8, 52.4 and 7.9 kcal/mol, respectively, over C59Pd, and 17.4, 64.7 and 60.2 kcal/mol, respectively, 
over C59Ni, indicating transmetalation step to be the rate-determining step over both the heterofullerenes. 

DFT calculations were carried out on a periodic slab of CeO2(1 1 1) with cationic and anionic surface 
defects. The role of surface defects of both types on adsorption of C2-gases and halobenzenes was studied. 
The synergistic effect of the presence of cationic substitution and anionic vacancies was observed to 
contribute to an increase in Lewis acid-base interactions resulting in improved adsorption characteristics. The 
effect of Pd2+ substitution on adsorption was studied. The addition of Pd2+-ions was found to enhance the 
adsorption of the C2-gases and halobenzenes. Pd-substituted reduced CeO2 showed good activity for the 
adsorption of all C2-gases and halobenzenes. 

DFT calculations, carried out in this study, provided insights into the preferred adsorption sites, 
modes of adsorption, adsorption energetics and reactantcatalyst interactions. On the basis of these theoretical 
observations, Pd substituted C60 and CeO2-based system was found to be a potential catalysts for selective 
acetylene hydrogenation and C-C cross coupling reactions. 

 
Keywords: Density functional theory; heterofullerenes; doped ceria; hydrogenation; C-C cross coupling; 
rate-determining step 

 
 

PREPARATION, CHARACTERIZATION AND APPLICATIONS OF 
MEMBRANES BY POLYMER BLENDS, INTERFACIAL POLYMERIZATION 

AND INORGANIC ADDITIVE 
 

Mrinmoy Mondal 
Supervisor: Prof. Sirshendu De 

Department of Chemical Engineering 
Accession No.: NB16101 

 
Preparation, characterization and performance of membranes by polymer blends, interfacial 

polymerization and inorganic additive were carried out in detail in this study. Four different types of polymers 
polysulfone (PSF), polyacrylonitrile (PAN), cellulose acetate phthalate (CAP) and polyvinylidene fluoride 
(PVDF) were used as base polymers.  

Effects of polyethylene glycol (PEG) as an additive to PAN-CAP blend membrane in flat sheet 
configuration were investigated. Influences of both the molecular weight and concentration of PEG were 
examined in these class of ultrafiltration (UF) membrane. The aim was to enhance the hydrophilicity of the 
resultant membrane further by incorporating hydrophilic PEG. The antifouling characteristics of the prepared 
membranes have been examined using bovine serum albumin (BSA) solution. Since hollow fibers were 
directly scalable, effects of PEG on PAN-CAP blend hollow fiber membrane were also observed. The 
developed membrane has been used for clarification of bottle gourd juice. Nanofiltration (NF) grade hollow 
fiber membrane was prepared by incorporation of ZnCl2 into PSF–PEG (molecular weight 200) blend in one 
step. Performance of NF membrane was tested in terms of rejection of monovalent and divalent salts and 
various dyes. PSF−PVDF blend hollow fiber UF membrane were developed. This membrane has been used 
for aqueous extraction of (−) epigallocatechin gallate (EGCG) from green tea leaves. A suitable UF hollow 
fiber membrane was identified for improving the purity of EGCG and total polyphenols.  

PSF based NF hollow fibers upto 360 Da cut off were prepared by interfacial polymerization using 
meta-phenylenediamine (MPD) and trimesoyl chloride (TMC) with PSF. Increase in TMC concentration 
reduced the molecular weight cut-off (MWCO) and average pore size of the membrane. A textile effluent 
containing four reactive dyes and salt was successfully treated by this hollow fiber. A completely predictive 
steady state multicomponent model was developed to quantify the system performance.  



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 61
 

Nickel iron oxide nanoparticle incorporated hollow fiber mixed matrix membrane (MMM) was 
prepared to achieve high throughput as well as high selectivity for heavy metals by enhancing adsorption 
capacity of the membrane. These membranes were used for treatment of battery effluent. Lanthanum cobalt 
oxide nanoparticle doped UF hollow fiber MMM membrane was developed and this membrane was capable 
to remove salt like a NF membrane at higher throughput and lower TMP. Efficiency of membrane was 
evaluated by desalination of synthetic as well as real life seawater.  

 
Keywords: Ultrafiltration; nanofiltration; polymer blend; surface modification; mixed matrix membrane; 
nanoparticles; adsorption; textile effluent treatment, desalination; heavy metal removal; sea water. 
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The role of biological reactions in the survival of organisms is prominent. Every organism takes care 
of its life in its own way but all need nucleotides that are the building blocks of nucleic acids for their growth 
and propagation. So nucleotide synthesis pathway is an important one which can be considered as a target 
for inhibiting the growth of pathogenic organisms. The progress of a biological reaction depends upon the 
action of the associated enzyme. OPRT is an enzyme that belongs to the group of ten PRTs that synthesize 
the nucleotides by adopting both salvage and de novo pathways. OPRT catalyzes the Mg2+ dependent reaction 
between nitrogenous base OA and the PRPP to form OMP and PPi during the de novo synthesis of 
pyrimidines in several organisms. 

OPRT action in different species has been experimentally investigated due to the fact that its 
deficiency causes different diseases of varying severity. Human OPRT exists as a complex along with another 
enzyme ODCase which dictates the decarboxylation of OMP. Orotic aciduria is one of the diseases caused 
due to the excretion of OA in urine. Also, it has been reported that human cancer cells need de novo 
pyrimidine synthesis to supply DNA and RNA precursors for maintaining rapid multiplication. One of the 
species that causes malaria in human beings is P. falciparum. Again for this organism, the need of de novo 
pathway has been reported. Pyrimidine nucleotide synthesis has been found to be an efficient target for 
developing antimalarial drugs. So the action of PfOPRT was needed to be understood. The study on the T. 
gondii OPRT restated the fact. Besides the action of OPRT in all these organisms, M. tuberculosis causing 
TB is important. The 2016 WHO report states TB as the highest death causing disease next to AIDS 
emphasizing the need of the study of OPRT action. 

The experimental information of any study produces reliable observations which demand deeper 
understanding of the underlying phenomena. Theoretical studies can complement experimental observations 
to meet this purpose. Simulations at the molecular and electronic levels have proved to be vital to gain insights 
into molecular systems. A good number of experimental studies and crystalline structures of OPRT from S. 
cerevisiae made us to carryout our study with S. cerevisiae as the source of OPRT. Experimentally, three 
mechanisms namely ping-pong mechanism, ordered mechanism and random mechanism have been reported 
for the OPRT action in different organisms. All these mechanisms differed in the order of binding of the 
substrates. This led to a disagreement on the mechanism of reaction. All these studies, however, unanimously 
stated the importance of the divalent metal ion for the reaction. Hence our study was devoted to determine 
the role of the divalent metal ion and its binding to OPRT and the substrates as well as the order binding of 
the substrates. 
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We have taken the PDB file with the code 2PS1 for the complex of Enz-Mg2+-PRPP-OA from the 
S. cerevisiae. The missing hydrogens of the complex were added and the protein was solvated in a periodic 
water box to represent the biological environment present around the enzyme. The complex was equilibrated 
using an MD code NAMD followed by the QM/MM energetics evaluation. All the complexes were 
equilibrated in a similar manner. All the established pathways for Enz-Mg2+-PRPP-OA complex formation 
were analyzed and found the feasible pathway that involved the binding of Mg2+-PRPP to the Enz-OA 
complex. Hence the study presented in the Chapter 3 established the pathway for Enz-Mg2+-PRPP-OA 
complex formation. 

The role of Mg2+ was confirmed from the Chapter 3. Different biologically relevant divalent metal 
ions (Ca2+, Mn2+, Zn2+ and Co2+) apart from Mg2+ were studied to reveal the inhibiting/activating 
characteristics. The mechanism of the reaction was unchanged by the change in the identity of divalent metal 
ion. Inhibiting character of Co2+ was explained on the basis of large Co2+-PRPP binding and migration 
energies. Chapter 4 shows the trends obtained by our computational investigations of role of experimentally 
reported divalent metal ions. 

A wealth of experimental kinetics information on OPRT in different organisms motivated us to 
develop a kinetic model by considering all the proposed mechanisms. We developed a kinetic model from 
the reaction steps of all the previously proposed mechanisms and the optimized parameters were obtained by 
using Levenberg-Marquardt algorithm. The model was validated using a dataset from other organisms. Hence 
we have developed a unified model which could describe the kinetics of OPRT action of any organism. This 
model is expected to reduce the experimental measurements needed for developing a mechanism. 

OMP undergoes decarboxylation to produce UMP which is a nucleic acid precursor. So study of 
this reaction catalyzed by ODCase was also important. We have considered the experimental data available 
for yeast ODCase and human ODCase. The rate expressions developed for UMP synthesis were numerically 
solved along with regression of the parameters. The model could describe the growth and saturation regimes 
of the kinetics for yeast ODCase action and could predict it successfully for human ODCase. Hence this 
model is expected to describe the kinetics of the reaction from other organisms as well. 

Our entire study investigated all the binding steps involved in the OPRT catalyzed reaction using 
computational methods. By providing the molecular reasonings behind the experimental observations, our 
study reported some observations which may not have been easy through experimentation. Developing 
models for both OMP and UMP synthesis reduced the experimental hurdles involved in establishing the 
mechanism. Hence the computational insights reported for OPRT mechanism were expected to guide in 
identifying the targets for developing drugs against the action of bacteria causing diseases like TB and 
malaria. 

 
 

PERFORMANCE STUDY OF FRP AND FRP-NANO COMPOSITES FOR 
MARINE STRUCTURAL APPLICATIONS 

 
Praveenkumar Mungamurugu 

Supervisor: Prof. Swati Neogi 
Department of Chemical Engineering 

Accession No.: NB15868 
 

For marine structural applications which pose significant challenges to the choice of materials due 
to the presence of corrosive seawater, polymer matrix based fiber reinforced composites are increasingly 
becoming the material of choice instead of conventional materials like steel largely due to light weight 
material, high strength to weight ratio and good resistance to corrosive materials and sea-water. However, 
the key challenges that effect the performance of the composite are, the moisture absorbed by the composites 
under marine environment and ageing of the composites that degrade the composite and hence the overall 
lifetime. Fiber reinforced polymer (FRP) composites manufactured by incorporating nanoparticles in the 
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resin are expected to improve the performance properties and enhance its durability. However the effective 
incorporation of nanoparticles in the resin and establishing proper manufacturing technology for fabricating 
the composite using nanoparticle dispersed resin as polymer matrix and glass fiber as reinforcement, is very 
challenging. Three different resins namely Unsaturated polyester (USP), Vinylester (VE) and Epoxy were 
used for this study along with the corresponding Montmorillonite (MMT) based nanoparticles which are 
compatible with them namely Cloisite 30B, Cloisite 15A and Nanomer I30E respectively. In order to disperse 
the nanoparticles in the resin, probe type sonicator was used for ultrasonication process. Vacuum assisted 
resin infusion molding (VARIM) was used for fabrication process of the FRP-Nanocomposite. The 
performance of the FRP-Nanocomposites were assessed by determining the amount of moisture absorbed 
and the reduction of mechanical properties due to the effect of moisture absorption over a long term period 
as long as 12 months in a simulated sea-water environment at temperatures including sub-ambient as well as 
elevated temperatures below glass transition temperature. Diffusion mechanism of the sea-water in the 
composite was investigated by modeling the hygrothermal ageing data with different predictive diffusion 
models and the best fit model was found out from regression analysis. The corresponding model parameters 
were evaluated. The lifetime of the composite was estimated by developing a model with ageing data 
considering that the degradation is caused by sea-water diffusion and reaction kinetics.  

It was observed that Vinylester nanocomposites absorb lesser moisture compared to USP and Epoxy 
based nanocomposites. Also, nanomaterial incorporation decreased the moisture absorption by 40 to 50% for 
USP nanocomposites and 25-40% for VE nanocomposites. Similarly, there was 30-40% decrease in 
percentage reduction of flexural strength in case of USP nanocomposites and 20-25% decrease for VE 
nanocomposites as we increase the loading level of nanoparticles. Moisture absorption data was modelled 
and parameters were evaluated for different predictive diffusion models and it was observed that diffusion 
relaxation and dual sorption models fit well with the data. Lifetime of the FRPnanocomposite was estimated 
for all the resin systems using the ageing data and the model parameters of the selected diffusion models. It 
was observed that lifetime of nanocomposite increased with the increase in nanoparticles loading and dual 
sorption model was observed to provide superior lifetime compared to diffusion relaxation model. Lifetime 
estimation using dual sorption model increased the lifetime by nearly 2 to 3 folds with 4% and 6% loading 
levels of nanomaterials in USP and VE-FRP-Nanocomposites. Failure study of the FRP nanocomposite was 
also performed by investigating the morphological and structural changes, delamination and presence of free 
volume, using different characterization techniques such as Scanning electronic microscopy (SEM), Fourier 
transform infrared spectroscopy (FTIR), Dynamic mechanical thermal analyser (DMTA) and Positron 
annihilation lifetime spectroscopy (PALS). All the analyses found to validate with the experimental 
observations obtained in moisture absorption and ageing study.  
 
Keywords: FRP-Nanocomposite laminates, Barrier properties, Dispersion study, Diffusion mechanism, 
Lifetime estimation, Failure study 
 

 
POLYMER-SMALL PARTICLE MULTICOMPONENT COLLOIDAL 

SUSPENSIONS 
 

Sanjay Kumar 
Supervisor: Dr. G. Harikrishnan 

Department of Chemical Engineering 
Accession No.: NB15966 

 
Polymer-small particle multicomponent colloidal suspensions are an important class of soft matter 

that is encountered in several industries such as agriculture, pharmaceutical, food, paints, ink, coating etc. 
The mechanistic origins of several of their macroscopic properties can be traced back to the intricate 
interactions occurring at colloidal length scales. Among various small particles, clay and carbonaceous (such 



2017‐18	 Abstracts	of	Ph.D.	Theses
 

64	 Indian	Institute	of	Technology	Kharagpur 
 

as graphene, graphene oxide, and carbon nanotubes) are of special interest due to potential applications of 
these systems in coating, paints, polymer nanocomposites etc. Colloidal states of such multicomponent 
systems depend on several factors, a few of which are: particle/polymer concentration, salt concentration, 
pH, temperature etc. In this thesis, we have studied clay and graphene oxide suspensions with and without 
polymer to explore their various colloidal interactions. We use different experimental and computational 
tools for studying various aspects of these suspensions. Rheology is primarily used to investigate the 
macroscopic flow behavior of these suspensions. For investigation of mesoscale assembles, we use small 
angle x-ray and neutron scattering. We use dielectric relaxation spectroscopy for relaxation behavior of these 
suspensions. Finally, zeta potential measurements are used to investigate the stability of these suspensions. 
In certain cases, we have also used coarse-grained molecular simulations to investigate the polymer chain-
particle interface formed. 

In the first chapter, we investigate poly(vinyl alcohol)-laponite multicomponent systems. The effect 
of concentration of adsorbing polymer on the aging dynamics of laponite suspension is studied by oscillatory 
shear rheology. We observe that specific concentration of adsorbing polymer strictly regulates the aging 
dynamics of laponite-PVOH multicomponent systems. The observed aging pattern is analyzed by dividing it 
into three sub-regimes, across which the suspension’s elastic modulus showed an oscillatory relationship with 
polymer concentration. A mechanism to explain this phenomenon is developed after getting shreds of 
evidence from complementary tests. These are a) small angle neutron scattering b) structure recovery upon 
shear melting c) zeta potential estimation. Colloidal stability of suspensions in all sub-regimes during the 
timescale of measurement is also analyzed by invoking both DLVO and non-DLVO theories. The observation 
and analysis highlight the effect of concentration of adsorbing polymer on aging clay suspensions and have 
direct applications in stabilization, rheology modificaxi tion, as well as polymer nanocomposite preparation. 

Secondly, an anomalous temperature-viscosity relationship in organoclay/polymer multicomponent 
system is explored. Suspension of hydroxyl-terminated polybutadiene (HTPB) and montmorillonite are 
studied. In this study, the formation of polymerparticle microstructure at various concentration of clays as a 
function of temperature and flow field is observed. Suspension shows a transition from liquid rich behavior 
to solid rich type behavior due to the formation of microstructure at higher clay loading, and an anti-Arrhenius 
behavior is observed for HTPB-Cloisite10A multicomponent suspension. To quantify the microscopic 
structures and interactions, small angle x-ray scattering (SAXS) and dielectric relaxation spectroscopy are 
conducted at different temperatures. A collective interpretation of rheology, SAXS, and dielectric relaxation 
results are used to reach an explanation for the anti-Arrhenian viscosity-temperature relation. 

Thirdly, polymer-graphene oxide multicomponent suspensions are investigated. In this work, small 
angle neutron scattering (SANS) is used to directly measure the thickness of adsorbed polymer layer onto the 
surface of 2-D graphene oxide sheets. In order to fit the scattering traces from GO suspension, two models 
namely, flat cylinder (for single 2-D sheets) and cylinder (for aggregated sheets) are employed using sasfit 
software. To estimate adsorbed polymer thickness on GO sheet, scattered intensities from suspension are 
fitted using core-shell cylinder and thick cylindrical models. It is found that adsorbed polymer layer thickness 
(δ) scales with the radius of gyration (Rg) of the polymer as δ = Rg

0.24. Further, coarse-grained simulations 
were used to test the observed experimental trends. 

Lastly, the colloidal interactions in aqueous suspensions containing a dispersion of laponite and 
graphene oxide are explored. The high colloidal stability of these suspensions are analyzed by estimating net 
interaction potential energy. Evolution of modulli of laponite-GO suspension as a function of GO 
concentration is monitored by employing rheological studies. Further, SAXS experiments are carried out in 
order to a have deeper insight into shape and microstructure formation between laponite and GO particle. 
The work described in this thesis finds applications in the paint, coating, paper, cosmetic industry etc. as well 
as in drilling fluids, where flow behavior of suspensions is of substantial importance. 

 
Keywords: Polymer-nanoparticle suspensions, flow behavior, aging, stability, adsorption. 
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REMOVAL OF FLUORIDE AND OTHER CONTAMINANTS FROM 
DRINKING WATER 

 
Somak Chatterjee 

Supervisor: Prof. Sirshendu De 
Department of Chemical Engineering 

Accession No.: NB16057 
 

Fluoride and other heavy metals, like, arsenic, lead, cadmium, copper, zinc and nickel are some of 
the pervasive and persistent pollutants in drinking water. Concentration of harmful contaminants in 
groundwater increases due to depletion of water resources from the underground water table accompanied 
by weathering of underneath rocks. Also, anthropogenic causes, like, hydraulic fracturing and discharge of 
untreated industrial effluents result in increase of their concentration. The current study aimed at delivering 
cost effective solution tools (both adsorbents and membrane) for removal of fluoride and harmful toxic 
metals. In case of defluoridation of drinking water, raw bone meal (common constituent of phosphate 
fertilizer) has been procured and processed by a low energy intensive partial carbonization. Carbonization 
time and temperature were fixed with respect to defluoridation capacity. After carbonization, this was again 
chemically treated using aluminium sulfate and calcium oxide and an adsorbent was synthesized having high 
uptake capacity. Combined adsorbent was used for defluoridation of synthetic and actual groundwater. 
Secondly, mixed matrix membrane was also prepared for defluoridation purpose. Activated alumina was 
doped in cellulose acetate phthalate polymer to prepare flat sheet membrane, while carbonized bone meal 
powder was doped in polysulfone to prepare hollow fibers. Arsenic removal by more open ultrafiltration 
grade mixed matrix membrane was performed. Two separate inorganics were used for specific removal of 
arsenic. In first study, powdered treated laterite was doped in polyacrylonitrile to prepare flat sheet 
membranes. In the subsequent study, powdered iron ore slime (IOS), a by-product of steel industry was 
incorporated in polysulfone based hollow fibers.  

Removal of selective heavy metals from groundwater, like lead, cadmium, copper, zinc and nickel 
was effected using treated laterite (surface pH 9) as an adsorbent. Characterization of treated and raw laterite 
along with optimization of operating conditions during batch study (equilibrium and kinetics) has been 
performed. Effect of multicomponent mixture in the uptake capacity of different heavy metals by adsorbent 
has also been studied. Fixed bed performance of different adsorbents towards removal of fluoride and heavy 
metals, from synthetic and groundwater solutions was also studied. Applicability of different dynamic models 
used to for prediction of performance has also been evaluated. Most importantly, scale up studies were also 
performed to predict the quantity of adsorbents required for higher breakthrough life.  

 
Keywords : Fluoride removal; arsenic removal; Heavy metal removal; adsorbent; fixed bed study; mixed 
matrix membranes; scale up analysis. 

 
 

HETEROGENEOUS REACTIONS (STEAM REFORMING OF ETHANOL AND 
GLYCEROL 

OVER INDIGENOUS NICKEL BASED CATALYSTS) 
 

Sujoy Bepari 
Supervisors: Prof. Narayan Ch. Pradhan and Prof. Ajay K. Dalai 

Department of Chemical Engineering 
Accession No.: NB15974 

 
This work focuses on the development of inexpensive nickel based catalysts for steam reforming of 

ethanol and glycerol to produce hydrogen rich synthesis gas (syngas). The cerium promoted Ni-Mg-Al 
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hydrotalcite and Ni/Olivine catalysts were prepared for ethanol steam reforming process. Ni/γ-Al
2
O

3 
and 

Ni/Fly ash catalysts were prepared for glycerol steam reforming process. The physio-chemical characteristics 
of develop catalysts were determined by XRD, SEM coupled with EDS, BET, TPR and FTIR. Temperature, 
feed molar ratio and space-time were selected as process parameters. Steam reforming of ethanol and glycerol 
was carried out over developed catalysts in a fixed bed vertical tubular reactor. The optimum cerium and 
nickel loading was estimated for all the developed catalysts. The optimum process conditions were obtained 
for each steam reforming processes. Under the optimum conditions, the yield of H

2 
and selectivity of other 

carbon containing gases were estimated along with the conversions of ethanol and glycerol.  

The optimum process conditions for ethanol steam reforming over cerium promoted Ni-Mg-Al 
catalyst are: temperature 540 °C; Hyield of 4.62 mole of hydrogen per mole of ethanol reacted and 97.11% 
ethanol conversion were obtained at the optimum condition. 

2
O/ethanol molar ratio, 9:1; space-time, 22.04 

kg cat. h/kmol of ethanol fed. Under this condition, the conversion of ethanol is 97% and yield of H
2 
is 4.13 

mol of H
2
/mol of ethanol reacted. In case of ethanol steam reforming over Ni/Olivine catalyst, the optimum 

process conditions are: temperature 550 °C; H
2
O/ethanol molar ratio, 10:1; space-time, 7.94 kg cat. h/kmol 

of ethanol fed. A  

For glycerol steam reforming over Ni/γ-Althe hydrogen yield was optimized as 5.13 mol of H
22

O
3 

catalyst, /mol of glycerol fed with 95.4% conversion of glycerol at 550 °C temperature with steam/glycerol 
molar feed ratio of 10:1 and space-time of 8.43 kg cat. h/kmol of glycerol fed. In case of glycerol steam 
reforming over Ni/Fly ash catalyst, a maximum yield of 5.8 mol of hydrogen per mole of glycerol fed was 
obtained at 550◦C with steam to glycerol molar ratio of 12 and a space-time of 8.4 kg cat. h/kmol of glycerol 
fed with 98.6% conversion of glycerol.  

Keywords: Steam reforming, Ethanol, Glycerol, H
2 

production, Syngas, Nickel catalyst, Hydrotalcite, Fly 

ash, Olivine, Kinetic model, Activation energy 
 

 
ENHANCEMENT OF HEAT TRANSFER BY USING METAL OXIDE 

AND METAL HYDROXIDE BASED NANOFLUIDS IN JET IMPINGEMENT 
COOLING 

 
Tiara A M 

Supervisors: Prof. Sudipto Chakraborty and Prof. Surjya K Pal 
Department of Chemical Engineering 

Accession No.: NB15984 
 

The cooling rate of steel strips on a Run-out Table (ROT) in a hot strip mill affects both the 
metallurgical microstructure and mechanical properties. In comparison to conventional laminar cooling 
methodology, cooling rates are obtained in the ultrafast regime (where the product of heat transfer rate in 
°C/s and plate thickness in mm is greater than 800) in case of forced jet cooling. Hence, jet impingement 
cooling is employed to achieve higher cooling rate, especially in high heat flux applications due to high values 
of local heat transfer coefficients. However, low thermal conductivity was found to be a major constraint in 
developing energy efficient heat transfer fluids during the cooling process. Nanofluids, prepared by the 
suspension of nanoparticles in water, have been found to enhance the thermo-physical properties of the base 
fluid and increase the active nucleation site density, thereby improving the cooling rate of the steel surface. 
Furthermore, the presence of additives affects the surface active nature of the resultant nanofluid, thereby 
enhancing the boiling heat transfer and critical heat flux (CHF) value. Metal oxide/hydroxide nanofluids in 
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the presence of surfactants were found to give cooling rates in the ultrafast regime due to improved thermal 
properties.  

Therefore, the primary objective of the current research is to contribute to the enhancement of 
cooling rate of a hot steel plate using different additive based nanofluid coolants. The heat transfer studies 
during jet impingement have been carried out in the case of a steel plate (100 mm x 100 mm x 6 mm) from an 
initial temperature of around 900°C at the surface. In order to measure the transient temperature during 
cooling, three sub-surface K-type thermocouples are inserted in parallel to the plate at different longitudinal 
directions. A data acquisition system is used to measure the thermocouple input signals at a sampling 
frequency of 10 Hz during cooling. The sub-surface temperature data collected through the thermocouples is 
used for inverse heat conduction calculation in order to estimate the temperature histories and heat flux at the 
surface using INTEMP solver. The base fluid used for the study is pure water, into which different 
nanoparticles and surfactants are added to prepare the final coolant. A maximum cooling rate of 154 °C/s was 
achieved in the case of Cu-Al LDH/Tween 20 nanofluid, which was 71 % higher than that achieved using 
pure water coolant.  

 
Keywords: CHF; Jet impingement; Heat transfer enhancement; Nanofluid; Surfactants; Ultrafast cooling. 

 
 

DYNAMICS AND MORPHOLOGY OF CRACK FORMATION IN 
COLLOIDAL SYSTEMS 

 
Udita Uday Ghosh 

Supervisors: Prof. Sunando DasGupta and Prof. Suman Chakraborty 
Department of Chemical Engineering 

Accession No.: NB16058 
 

The present thesis attempts to enhance the existing understanding of the crack formation phenomena 
in colloidal systems including exploring ways to suppress the crack formation with practical relevance in 
products like surface coatings/paints.  

An introduction to the phenomena of evaporation of colloidal liquid droplets and its transformation 
into thin colloidal films is provided followed by a brief review of the stages that lead to the disintegration of 
the thin colloidal films into cracks and the role of each component of the colloidal system is outlined. This 
also assists in framing the objectives of the present thesis that addresses the various facets of the crack 
formation phenomena. The first objective is investigation of the effect of alteration of substrate wettability 
on the crack formation process. Crack propagation dynamics is found to be heavily affected by an increase 
in the surface hydrophobicity. The morphology of the cracks formed on a surface is also found to be a strong 
function of surface wettability. In the light of the DLVO (Derjaguin, Landau, Verwey, Overbeek ) theory, we 
also show that these experimental findings can be attributed to the altered substrate-particle interactions 
associated with the modified substrate wettability. Thereafter, the effect of particle surface charge on the 
crack propagation dynamics is also investigated. The experimental evidences indicate that the existing models 
are unable to capture the crack propagation dynamics with charged colloidal particles over substrates with 
modified wettability. The decelerated crack dynamics in presence of particle surface charge are correlated to 
the altered internal particle arrangements. The third objective is a fundamental experimental investigation 
that explores the distinct details of the contact line dynamics of evaporating pure liquids and colloidal 
suspensions. Essentially, the geometric properties (film thickness and curvature) of evaporating thin films of 
pure liquids and colloidal suspensions are analyzed using interferometry techniques and correlated to the 
observed contact line dynamics. These analyses are performed to outline the effect of introduction of colloidal 
particle and the subsequent effects of varying the dimension (micro-meter and nano-meter) of the colloidal 
particles. In addition, the experiments are performed for solvents that are different with respect totheir polarity 
and these results are further analyzed using the augmented Young-Laplace equation. 
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Keywords: Surface wettability, Colloidal particle, Droplet evaporation, Crack dynamics, Crack morphology, 
Thin film, Contact line dynamics, Solvent Polarity, Particle diameter 

 
 

SYNTHESIS AND CHARACTERIZATION OF FUNCTIONAL 
POLYPYRIDYL CONJUGATES TO ACCESS NIR ABSORBING BIMETALLIC 

COMPLEXES, SENSORY APPLICATIONS AND SOLUBLE EMISSIVE 
POLYMERS 

 
Amit Sil 

Supervisor: Dr. Sanjib K. Patra 
Department of Chemistry 
Accession No.: NB15963 

 
There is a rapidly growing interest in designing and developing functional polypyridyl conjugates 

for its fascinating electronic and optical properties as well as wide range of applications such as molecular 
electronics, electrochromism, optical storage devices, chemosensors, molecular magnetism, dye-sensitized 
solar cells and telecommunications. Fascinated by the current research trend in these areas, a series of 
electroactive 4'-(4-{2-[4-aryl]-ethenyl}phenyl)-2,2':6',2''-terpyridyl based push-pull conjugates and its 
corresponding complexes capped with ruthenium(II) centers have been synthesized and characterized by 
various spectroscopic tools including single crystal X-ray crystallography. The detail electrochemical 
properties have also been investigated to understand the electronic interaction between the metal-organic 
redox centers. In addition, a series of bis(acetylide)-linked binuclear ruthenium(II) complexes, [(tpy-C6H4-
Me)(PPh3)2Ru-C≡C-Ar-C≡C-Ru(PPh3)2(tpy-C6H4-Me)]2+ (tpy-C6H4-Me = 4'-(4-methylphenyl)-2,2':6',2''-
terpyridine, Ar = thienyl, phenyl, benzodiathiazolyl and fluorenyl), by varying the spacer unit have been 
synthesized, showing remarkable NIR absorbing properties (ε in the order of 103 M-1cm-1). Furthermore, 
acetylide bridged hetero-bimetallic complexes [(tpy-C6H4-R)(PPh3)2Ru-C≡C-Fc]+, (R = H, Me, F, NMe2) 
bearing Ru(II) and Fe(II) redox termini have been synthesized by changing the electronic nature of the ligands 
resulting long range electronic communication and remarkable NIR absorption (ε in the order of 103 M-1cm-

1) induced by intermolecular IVCT transition. Encouraged by the highly luminescent properties of the 
polypyridyl conjugates, a series of highly emissive arylene-vinylene functionalized terpyridines varying the 
nature and type of substituents have been explored demonstrating excellent sensitivity towards picric acid 
(PA) exhibiting nanomolar detection in contact mode. Furthermore, highly selective, sensitive and reversible 
‘turn-on’/‘turn-off’ fluorescent chemosensor based on a simple terpyridyl conjugates have been successfully 
developed for the detection of toxic metal ions including Cd2+, Hg2+ and Cu2+. In addition, terpyridyl 
appended poly(metaphenylene-alt-fluorene) π-conjugated fluorescent polymers have been designed and 
developed for selective and sensitive detection of Cu2+. Furthermore, the alkyl substituted vinyl-
functionalized bipyridyl monomers have been developed to access well-defined highly soluble polypyridyl 
polymers through controlled radical polymerization.  

 
Keywords: Polypyridyl conjugates, Organometallic complexes, Homo- and hetero-binuclear, Electronic 
communication, Inter valence charge transfer, NIR absorption, Fluorescent probes, NACs detection, Toxic 
metal ion detection, Selectivity and sensitivity, Trace detection, Repeatability, Coupling reactions, Controlled 
polymerization, Molecular wire effect, Solvatochromism, Vapochromism, Pizofluorochromism 
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MORPHOLOGICAL ALTERATION OF VARIOUS SELF-ASSEMBLIES 
AND EFFECT ON DIFFERENT EXCITED STATE PROCESSES 

 
Arpita Roy 

Supervisor: Prof. Nilmoni Sarkar 
Department of Chemistry 
Accession No.: NB15859 

 
Fluorescence spectroscopy enables to probe the structural and dynamical features of different 

systems in the field of science. Moreover, the structure, dynamics and reactivity of various bio-active 
molecules which remain confined in the cellular environment are controlled by the surrounding water 
molecules and overall cellular environment. Interestingly, the interaction between the individual molecules 
inside cells plays pivotal role in controlling the various physico-chemical processes in biological systems. In 
this context, it is of great importance to investigate the structural, dynamical properties and reactivity of a 
probe molecule confined in organized assemblies such as micelle, mixed micelle, vesicles having small 
volume of water molecules surrounding it. This actually mimics the common biological system in simpler 
way. Therefore, it is of importance to investigate the influence of confinement on various crucial dynamical 
processes such as fluorescence resonance energy transfer (FRET), excited state intramolecular proton transfer 
(ESIPT), solvation dynamics, rotational and lateral diffusion motion. For this purpose, various organized 
assemblies have been developed which can be considered as bio-mimicking model membrane systems. We 
have shown how bile salt penetration into the triblock copolymer pluronic 123 (P123) micelle affect the 
overall polarity, microviscosity of the system. We have investigated the interaction of a deoxyribonucleic 
acid (DNA) nucleotide, adenosine-5′-monophosphate disodium (AMP) with surface active ionic liquids 
(SAILs) which finally leads to the formation of mixed aggregate of DNA nucleotide-SAIL. We have also 
investigated the influence of sugar molecules on the phospholipid and non-phospholipid vesicles which 
reveals important aspect of membrane-sugar interaction. The alteration of curcumin photophysics has also 
been monitored in presence and absence of sugar (trehalose) inside a non-phospholipid vesicle. Moreover, 
recent advances in membrane research encouraged us to contribute more in this interesting field. In this thesis, 
the development has been made in the preparation of various vesicular systems composed of cholesterol, 
vitamin E, pluronic block copolymer, various nonionic amphiphiles and SAILs. Finally, in order to probe the 
microheterogeneity of these vesicular systems, we have applied FRET, rotational and lateral diffusion 
measurement of several probe molecules inside these various systems.  

 
Keywords: Self-Assemblies, Microheterogenous Systems, Time-resolved Fluorescence Spectroscopy, 
Rotational and Lateral diffusion motion. 

 
 

STUDIES ON SELF-ASSEMBLED FUNCTIONAL MATERIALS BASED 
ON PYRIDINE AND IMIDAZOLE CONTAINING MOLECULES: POROSITY, 

CHROMISM, LUMINESCENCE AND GUEST SEPARATIONS BY SELECTIVE 
INCLUSION 
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Supervisor: Prof. Kumar Biradha 
Department of Chemistry 
Accession No.: NB15987 

 
This thesis deals with the design and synthesis of functional materials based on hydrogen bond and 

coordination bond along with other noncovalent interactions. In particular, the arc shaped and rigid molecules 
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containing benzimidazole and pyridine moieties have been utilised for the formation of cocrystals, CPs, 
MOFs, MOGs and metal-clusters. The reaction between the two components (benzimidazole based molecule 
and H4PMA) in presence of large aromatic solid guests resulted in the formation of salts with the guest 
inclusion, while the absence of guest resulted in the cocrystals sustained by COOH···Nbim/COO−···Hbim 
heterosynthons. The -COOH functional group has shown greater propensity to interact with the 
benzimidazole moiety over the pyridine moiety. The competitive experiments also reveal that two-component 
host system exhibits selective inclusion of guest molecules from the mixture of aromatics and that can be 
used for the separation of mixtures. Metal-organic frameworks (MOFs) and porous coordination polymers 
(PCPs) have been shown to selectively adsorb alcohol, water vapour and dyes. The nitrogen rich and water 
stable MOFs found to include unprecedented one-dimensional water cages inside the frameworks and exhibit 
selective adsorption of CO2 over N2 and CH4. Further, PCPs with exo-tridentate ligand exhibited 
multichromic properties such as solvatochromism, thermochromism, piezochromism and inclusion of small 
molecules such as formaldehyde. These materials have been shown to display solid-state tunable 
luminescence properties. The design and synthesis of metal-organic gels (MOGs) and coordination networks 
and their structure-property correlation have been explored. The gels have shown greater firmness, mechano 
and chemical responsiveness, self-sustainability, gas and dye sorptions. The arc shaped tridentate ligand and 
Ag(I) have been shown to form two isomers of Ag5L4 cluster, and Ag6L4 cluster which are templated by 
anions. The reversal of anion selectivity was observed in the presence of benzonitrile as guest. The exchange 
of guest resulted in solid to solid transformation of Ag6L4 to Ag5L4.  

 
Keywords: Cocrystal and salts, COOH···Nbim/COO−···Hbim heterosynthons, guest inclusion, MOFs, 
MOGs, self-sustainability, vapor and gas sorption, multichromic materials, anion templation, guest 
templation, silver cluster. 

 
 

FABRICATION OF HYBRID FILLER REINFORCED ELASTOMER AND 
ELASTOMERIC BLEND NANOCOMPOSITES 
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Supervisor: Prof. Suneel Kumar Srivastava 
Department of Chemistry 
Accession No.: NB16018 

 
Multiwalled carbon nanotubes (MWCNTs) with unique combination of dimension, structure and 

topology are estimated to impart high degree of reinforcement to various elastomers and elastomeric blends. 
However, their high tendency for aggregation remains the most critical challenge in achieving their 
homogeneous dispersion necessary for effective reinforcement. As a result, MWCNT is subjected primarily 
to covalent functionalization, non-covalent modification, and ionic liquids. In recent years, alternative efforts 
have also been made to improve the dispersion of the nanotubes in the elastomeric matrices by using 3D 
fillers obtained by hybridization of 1D and 2D fillers. Such 3D structures get homogeneously dispersed 
throughout the elastomeric matrix resulting in high contact area with polymer which ensures effective stress 
transfer from filler to polymer matrix. 

The present thesis is focused on MWCNT based 3D hybrid fillers from the simple combination of 
unmodified 1D carbon nanotubes and 2D clay or layered double hydroxide platelets. In view of this, 
MWCNT/MMT (HMM), MWCNT/Hectorite (HMH) and MWCNT/MgAl-LDH (HML) hybrids were 
prepared by mixing the constituent fillers in 1:1 ratio (by weight) in co-dispersion and dry grinding methods 
respectively. Subsequently, these hybrid fillers were used in fabrication of commercially important EVA, 
SBR elastomers and NBR/EVA elastomeric blend nanocomposites by solution intercalation method. This is 
followed by their detailed characterization and analysis of their mechanical, thermal, dynamic mechanical 
and dielectric properties. 



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 71
 

Our analysis confirmed extraordinary improvement in mechanical and dielectric properties of 
EVA/HMM nanocomposite with substantial enhancement in thermal stability. This is attributed to 
homogeneous dispersion of constituent fillers and high degree of synergy between them towards 
reinforcement. Similarly, EVA/HMH and EVA/HML nanocomposites displayed enhanced mechanical, 
thermal and dielectric response owing to improved degree of filler dispersion. SBR/HMH nanocomposites 
showed enhancement only in mechanical properties with nominal improvement in dielectric response. 
However, NBR/EVA/HMH blend nanocomposites displayed improved mechanical as well as dynamic-
mechanical properties on account of homogeneous dispersion of 3D hybrid fillers throughout the compatible 
blend matrix. Significant rise in polymer-3D hybrid contact area and degree of dispersion are the primary 
reasons for improved polymer-filler interfacial interaction and hence reinforcement. 

 
Keywords: Hybrid filler, MWCNT, MMT, Hectorite, MgAl-LDH, EVA, SBR, NBR/EVA, Blend, 
Nanocomposite, Reinforcement, Synergy 

 
 

REDUCED GRAPHENE OXIDE-BASED FUNCTIONAL MATERIALS 
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The thesis entitled “Reduced Graphene Oxide-based Functional Materials for the Electrochemical 

Sensing and Biosensing, and Removal of Toxic Hg(II)” describes the use of carbon-based functional 
nanomaterials for the development of electrochemical sensing and biosensing platforms to detect and quantify 
clinically important bioanalytes, environmentally toxic heavy metals and adsorbent for the removal of toxic 
Hg(II). Functional materials based on nanostructured carbon such as, CNTs, graphene, etc., play an important 
role in the development of sensor or biosensor due to the very large surface area, very high electrical 
conductivity, and good biocompatibility. In this study rationally functionalized reduced graphene oxide 
(rGO) is used for the development of sensing and biosensing platforms and adsorbent for the removal of toxic 
Hg(II). Electrochemically generated redox active architecture is used for the sensing of NADH, L-lactate and 
biological thiols. The covalent functionalization of rGO with –PhNO2 moiety and electrochemical generation 
of surface-confined redox couple rGO-PhNHOH/PhNO for the biosensing of lactate are demonstrated. Novel 
inorganic–organic 3D hybrid assembly of rGO and (3-mercaptopropyl) trimethoxysilane is developed and 
the surface-confined –SH groups are tailored with redox active rationally selected 4-methylcatechol by taking 
advantage of the Michael addition reaction under optimized potential. The redox–tailored hybrid assembly is 
used for the electrocatalytic sensing of biological thiols. The sensing of uric acid is demonstrated with Au 
nanoparticle based inorganic–organic hybrid self-assembly. Histamine functionalized rGO is used for the 
sensing of bisphenol A. S-doped porous rGO is synthesized for the electrochemical sensing and removal of 
Hg(II). The sensing platform is highly sensitive to detect Hg(II) at sub-parts per billion level. The results 
described in this thesis show that rGO-based functional materials are very promising for the development of 
sensors/biosensors for biologically important analytes and removal of Hg(II). Practical applications of the 
biosensors/sensors have been demonstrated with human serum samples and the results have been 
authenticated with conventional clinical laboratory methods.  

 
Keywords: Electrochemical sensors/biosensors; Reduced graphene oxide; NADH; L-lactate; Biological 
thiols, Uric acid; Hg(II); Bisphenol A; Hybrid material; Self-assembling; Redox–tailoring. 
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SELF-ASSEMBLED NANOSTRUCTURES FROM STIMULI-

RESPONSIVE AMPHIPHILIC BLOCK COPOLYMERS: SYNTHESIS BY 
CONTROLLED RADICAL POLYMERIZATION, PROBING THROUGH 

ENERGY TRANSFER STUDIES AND POTENTIAL APPLICATIONS 
 

Chiranjit Maiti 
Supervisor: Prof. Dibakar Dhara 

Department of Chemistry 
Accession No.: NB15898 

 
The ability to regulate the formation of nanostructures through self-assembly of amphiphilic block 

copolymers is of immense significance in the field of biology and medicine. In the present dissertation work, 
we have aimed to design self-assembled nanostructures from block copolymers, synthesized by using 
controlled radical polymerization like RAFT technique, which are thermodynamically stable and have higher 
residence time under extracellular environments while are capable of unpacking their contents upon reaching 
their target site in response to external/internal stimuli, such as pH, temperature, and redox agent etc. 
Furthermore, different energy transfer (ET) phenomenon’s like FRET and NSET between encapsulated 
donor- acceptor guest molecules into these self-assembled stimuli-responsive polymeric nano-carriers were 
potentially explored which can certainly be helpful to demonstrate imaging guided dynamic release of drug 
molecules by monitoring effective intraoperative change in ET parameters induced by external/internal 
stimuli.  

To begin with, we have showed that thermos-responsive and permanently cationic diblock 
copolymer PNIPA-b-PMAPTAC exist as unimers in aqueous solution and self-assemble into vesicles at 
temperature ≥36 °C which can able to encapsulate both hydrophobic and hydrophilic molecules and release 
them by simply decreasing the temperature of the medium. Thus, these block copolymer can potentially be 
utilized as a temperature-responsive model drug and gene delivery vehicle. PNIPA-b-PMAPTAC copolymer 
vesicles are also a suitable scaffold for the FRET process.  

The block copolymer poly(L-Trp-HEA)-b-poly(PEGMA) undergoes structural transition like 
vesicle to micelle on changing the solution pH from 7.4 to 4.2 and could also be utilized to reduce HAuCl4 
and stabilize the resulting AuNPs by embedding in the hydrophobic shell of the vesicles at pH 7.4 as well as 
selective triggered release of encapsulated hydrophilic guest molecules over hydrophobic ones.  

Thermally responsive and pH switchable fluorescent poly(PEGMA)-b-poly(NIPA-r-R6GMED) 
copolymer vesicles have potential in real-time monitoring of release of the core-loaded probes/drugs to cancer 
cells.  
Reduction-sensitive biocompatible core cross-linked PEG-b-PLAHEMA copolymer micelles with tunable 
swelling property are very promising for delivery of anticancer drugs (DOX) to both sensitive and resistant 
cancer cells and able to overcome multidrug resistivity (MDR) which is the major impediment in cancer 
chemotherapy.  

Therefore, we have successfully synthesized several water soluble stimuli-responsive block 
copolymers by using RAFT technique and studied their self-assembly behavior in aqueous medium. Energy 
transfer phenomenon like FRET and NSET between encapsulated donor-acceptor molecules into these 
responsive polymeric nanostructures were explored to demonstrate the possibility of imaging guided dynamic 
release of drug molecules by monitoring effective intraoperative change in ET parameters inside the tumor 
cells. Additionally we have established a cross-linked micelle which is capable of delivering drug in 
multidrug resistant cancer cells.  

 
Keywords: Polymersomes; RAFT polymerization; Self-assembly; Stimuli-responsive polymers; 
Fluorescence energy transfer; Nanostructures; Poly(ethylene glycol); Drug delivery; Doxorubicin; Cancer 
chemotherapy. 



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 73
 

 
 

COMPUTATIONAL INVESTIGATION OF REACTIVITY, BONDING 
AND OPTOELECTRONIC PROPERTIES OF SOME HOST-GUEST SYSTEMS 

 
Debdutta Chakraborty 

Supervisor: Prof. Pratim Kumar Chattaraj 
Department of Chemistry 
Accession No.: NB15990 

 
In this thesis, structure, reactivity, optoelectronic properties and pertinent bonding situation have 

been analyzed for different monolayer nanoflakes, metal cluster as well as different host-guest systems, by 
employing density functional theory (DFT) based calculations. In Chapter 1, the various theoretical and 
computational methodologies which have been applied in order to carry out the works reported in this thesis 
have been presented. In Chapter 2, we have discussed the possibility of having metal cluster (M3O+, M=Li, 
Na, K) supported pristine, B-doped and BN-doped graphene nanoflakes. Optical response and gas 
sequestration properties of the studied systems have been discussed. In Chapter 3, we have discussed (part 
A) the possibility of having metal oxide molecule (MO, M=Cu, Ag, Au) supported boron nitride flakes (BNF) 
and their efficacy in acting as a gas sequestering medium. In part B of this Chapter, we have discussed the 
optical response properties of metal cluster (OLi4, NLi5, CLi6, BLi7 and Al12Be) supported BNF moieties. In 
Chapter 4, we have discussed the efficiency of MF3 (where M=Rh, Ir, Pd, Pt, Ag, Au) supported AlN 
nanoflakes (AlNF) in acting as a gas sequestering medium. In Chapter 5, we have shown the efficacy of 
Al12Be cluster in acting as a suitable medium for activating some selected gas molecules through 
sequestration processes. The possibility of CO oxidation, dissociative addition of CH3F and C2H5F, N-H bond 
decomposition in NH3, dissociation of NO and hydrogenation of C2H2 reactions on Al12Be cluster has been 
investigated. In Chapter 6, the impact of geometrical confinement on the thermodynamic as well as kinetic 
aspects of some model Diels-Alder reactions have been discussed. Cucurbit[7]uril moiety has been utilized 
to impose the effect of confinement on the reactants, transition states and products involved in the reactions. 
In Chapter 7, the impact of functionalization as well as guest encapsulation on the optoelectronic properties 
of ExBox+4 moiety has been investigated. Three functionalized variants of ExBox+4 moiety has been 
modelled in silico, viz. NH2-ExBox+4-F, CN-ExBox+4-NH2 and NO2-ExBox+4-NH2 whereas coronene, B-
doped coronene, N-doped coronene, tetrathiafulvalene, biphenyl, tetracyanoethylene and 
tetracyanoquinodimethane molecules have been employed as guests. In Chapter 8, the nature of host-guest 
interaction in between octa acid cavitand (OA) and some representative cationic guests (Li+, Na+, K+, Be+2, 
Mg+2, Ca+2, Li3O+, Na3O+, K3O+) as well as heterocyclic moieties like (adenine (A), guanine (G), cytosine 
(C), thymine (T), uracil (U) and tetrathiafulvalene (TTF)) has been examined. The impact of the guests on 
the spectral and optoelectronic properties of OA has been discussed.  

 
Keywords: DFT; Nanoflake; Metal Cluster; Gas Sequestration; Optical Response; ExBox+4; Octa Acid; 
Confinement; Cucurbit[7]uril; Superatom Cluster; Guest Encapsulation. 
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The fight against bacterial infections and antimicrobial drug resistance requires unrelenting research 
efforts in finding new classes of antibiotic targets and their small molecule inhibitors. To this end, the lysine 
biosynthetic pathway of bacteria offers many potentially safe antibiotic targets due to the fact that this 
pathway is crucial for bacterial survival while absent in human beings (Chapter 1). In this thesis, the action 
of a bacterial enzyme (DapE), critical in the lysine biosynthetic pathway, has been investigated using a wide 
range of computational techniques that include, force field based molecular dynamics simulations, quantum 
chemical calculations, and their hybrid combination (QM/MM) (Chapter 2). The substrate binding has been 
shown to significantly influence the global dynamics in the dimeric enzyme DapE. In the DapE-SDAP 
complex, the two catalytic domains of the dimeric enzyme tend to fold onto the corresponding dimeric 
domains, leading to a tight binding of the substrate SDAP (Chapter 3). The functional roles of the two Zn 
metal centres in the enzyme active site have been explained, wherein it is shown that Zn1 ion facilitates the 
catalytic reaction, while Zn2 ion is necessary for substrate binding (Chapter 4). The presence of the substrate 
at the active site of the enzyme has been shown to be necessary for the deprotonation of the catalytic water 
molecule, thereby initiating the hydrolysis reaction. The multistep catalytic hydrolysis reaction follows a 
general acid- base mechanism, where two steps exhibit proton transfer processes, while the rate determining 
step involves a nucleophilic attack (Chapter 5). The QM/MM-MD simulations performed under NPT 
conditions reproduce the experimental energy barriers of the catalytic reaction more accurately than the 
stationary state QM/MM methods. In the catalytic reaction, the Glu134 residue is found to play a crucial role 
in facilitating proton transfer and guiding the nucleophile to the site of nucleophilic attack. The His67 and 
His349 residues coordinated to the Zn ions are shown to be essential for maintaining the structural integrity 
of the active site, and hence are essential for enzyme catalysis (Chapter 6). On the basis of a combined 
approach of drug repurposing and structural similarity, the present work proposes a series of captopril based 
inhibitors that can be potential small molecule inhibitors of the bacterial enzyme DapE (Chapter 7).  

 
Keywords: Antimicrobial Resistance; DapE Enzyme; Hybrid QM/MM; Enzyme Catalysis; Small Molecule 
Inhibitors 
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The fluorescence of carbon dots (CDs) of <10 nm diameter has been tuned by doping N and S in 

one case and B in the other. Again the fluorescence of CDs has been tuned with Au nanoparticles. Finally, 
nonfluorescing nanohybrid CDs have been obtained. All these systems have been successfully exploited for 
sensing, cell imaging and biological applications. Intriguingly fluorescing CDs have been obtained from 
dopamine (DA) and cysteine (Cys) mixture from hydrothermal treatment. Then Cys sensing has been made 
possible as Cys mediated enhanced fluorescence has been reproducibly registered. Interestingly, the 
intriguing fluorescence of DA and Cys mediated CDs, in aqueous medium, gets selectively quenched in the 
presence of trace level of acetone. The surface electronic interaction between CDs and acetone makes acetone 
detection possible. The as-synthesized cytocompatible CDs become an excellent fluorescent probe for live 
cell imaging also. Ascorbic acid (AA) with different boron precursors upon hydrothermal treatment evolves 
differently fluorescing B-doped CDs. It has been shown that the emission intensity of the as-prepared CDs 
increases with the increase in the B content in CDs. Theoretical calculation suggests that variable amount of 
B doping-related huge charge polarization within the carbon surface leads to the formation of surface defects 
causing change in the emission properties of the CDs. Then successive fluorescence quenching by Fe(III) 



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 75
 

and fluorescence enhancement by AA have been documented for their quantification from the solution phase. 
On the other hand, simple hydrothermal treatment of AA produces a moderately fluorescent CD that helps 
us to study metal enhanced fluorescence (MEF). The fluorescence platform becomes tunable with aliphatic 
thiol derivatized Au nanoparticles. Au has been brought into the picture because of its rich plasmon band. It 
is reported here that with the increase in the chain length of the thiol, the MEF becomes more pronounced. 
The long chain thiols work as spacers between fluorophore and metal surface. To make the study a general 
phenomenon, amine derivatized Ag nanoparticles has been introduced. Furthermore, hybridization of CDs 
has been considered to widen the perspective of DACys mediated CDs and AA prompted CDs. In the first 
case, Ag(0) anchoring on the CDs paves the way for sensing, catalysis and antimicrobial activity studies. The 
second hybrid i.e. CDMnO2 adduct has been tested for the fluorescence resonance energy transfer (FRET) 
studies. This adduct has been used for selective detection of N-acetyl-L-cysteine followed by construction of 
a molecular logic gate. 

 
Keywords: Carbon dots, Doping, Metal enhanced fluorescence, Sensing, Bio-imaging, Hybridization, 
Antimicrobial activity, Precursor dependence, FRET, Molecular logic gate. 

 
 

STUDIES ON MULTINUCLEAR COORDINATIONAGGREGATES OF 
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In coordination chemistry development of newer molecular architectures demands the use of newer 

ligand system, continually developing synthetic routes, chemical and physical characterizations, and applied 
studies aiming toward identification of functional properties. Fulfillment of coordination demand of the 
ligand-bound metal ions trigger the self-assembly of initially generated fragments and has provided the 
growth across many sub-disciplines of chemistry. In this regard a negotiation between the preferred 
coordination geometry of the metal ion and the coordination mode via backbone and side arms of the ligand 
is crucial. Availability of many such arms enormously increases the coordinative flexibility of the used ligand 
in a particular synthetic attempt. This flexibility in turn allows stabilization of literature unknown structures 
with potential of having interesting properties. Depending upon the reaction conditions in most cases further 
ancillary bridging ligands such as hydroxido, alkoxido, oxido etc. groups were almost invariably 
incorporated. Ligands having phenol backbone with side arms can provide charged {M2L} type fragments if 
two metal ions are getting trapped side by side. These fragments are liable to self-assemble for coordination 
demand and charge neutralization in presence of in situ generated or externally added ancillary bridging 
anions (e.g., O2−, HO−, MeO−, NO2

−, NO3
− N3

−, RCO2
−). Considerable planning in the conditions for any 

reaction scheme involves choice of ligand, metal ion salt, pH, ligand to metal ion ratio, solvent, concentration 
of solution, temperature, crystallization methods and reaction time. Herein three new N,O donor ligands have 
been chosen with a range of ancillary ligands to provide several class of coordination aggregates of selected 
3d metal ions (Mn, Co, Ni and Cu) showing interesting structural, magnetic and enzyme mimic properties. 
Aggregation of charged {Cu2L} fragments in presence of three different carboxylates have been scrutinized 
for the trapping of paddle-wheel Cu(II) carboxylate resulting in dumbbell shaped [Cu6] aggregates registering 
characteristic magnetic property. They were efficient to catalyze oxidation of substituted catechol. Cubic 
[Ni4] and polymeric [Ni2]n complexes have been synthesized and examined through X-ray structure 
determinations and magnetic susceptibility measurements. The involvement of imine-amine-alcohol arms 
along with the HO−, MeO− and RCOO− bridges were described in building of two mixed-valent [CoIII

4CoII] 
complexes. The SIM type magnetic behaviors were examined for a single CoII center within a diamagnetic 
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quadrangle of four CoIII centers in two compounds. Usefulness of in-situ generated HO− and available RCO2
− 

groups has been identified in a linear [MnIII
2MnII] and di-adamentane shaped [MnIII

6] complexes. The 
complexes were further examined for their magnetic propertied supported by DFT based calculations and 
solvent dependent catechol binding-cum-oxidations.  

 
Keywords: Multimetallic aggregate; Ancillary bridge; Schiff base; Self-aggregation; X-ray crystal structure; 
Magnetic susceptibility; DFT based calculations; Catechol oxidation. 

 
 

FLUORESCENCE SPECTROSCOPY TO UNVEIL DIFFERENT 
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ENVIRONMENTS: FROM ENSEMBLE AVERAGE TO SINGLE MOLECULE 
MEASUREMENTS 

 
Niloy Kundu 

Supervisor: Prof. Nilmoni Sarkar 
Department of Chemistry 
Accession No.: NB15922 

 
Biomolecules present in the cellular environments and the water dynamics around the molecule 

plays a crucial role in controlling their structure, dynamics and reactivity. However, due to the several 
complexities arises from the biological systems they are beyond that commonly encountered in physical as 
well as chemical sciences. Thus, different microheterogenous confined systems (such as micelle, reverse 
micelle/microemulsions, vesicles etc.) have been developed which can be used as a model of the complex 
biological systems. The structure and dynamics of these assemblies can be monitored using different 
spectroscopic techniques. Particularly, fluorescence spectroscopy (ensemble average as well as single 
molecule measurements) is used in the field of physics, chemistry and biology to monitor a wide range of 
molecular processes such as water dynamics, rotational dynamics and conformational changes of 
biomolecules etc. In this thesis, we present the preparation and characterization of different 
microheterogeneous systems composed of surfactants, polymers or room temperature ionic liquids (RTILs) 
and we investigate different photophysical and dynamical processes in these confined systems which provide 
much important information for their future applications.  

We have showed that how the suitable selection of the RTILs can modulate the structure and 
dynamics of aggregates and cosolvents. We have performed solvation dynamics, rotational as well as 
translational diffusion to probe the structural alteration of the systems. Further, we studied the DNA 
condensation into the core of the reverse micelles (RMs). We have used berberine chloride as an alkaloid to 
monitor the interaction between DNA and RMs using different time resolved fluorescence techniques. Using 
fluorescence lifetime imaging microscopy (FLIM) and fluorescence correlation spectroscopy (FCS) we have 
demonstrated the adsorption of different fluorophores on graphene oxide (GO) surface. GO can be used for 
multimodal imaging which includes cell imaging and in vivo micro-CT imaging. Further, we have studied 
the ESIPT dynamics of probe molecule during pH responsive micelle to vesicle transition of fatty acids and 
fatty acid vesicle can be fused in presence of different electrolytes. The FLIM based approach of vesicle 
fusion provides a better insight into the growth of protocell membrane.  

 
Keywords: Self assembly, Microheterogeneity, Time resolved fluorescence spectroscopy, FCS and FLIM. 
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PROTEIN- AND POLYMER-BASED NANOPARTICLES FOR 
DELIVERY OF FLAVONOIDS 

 
Pooja Ghosh 

Supervisor: Prof. Swagata Dasgupta 
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Accession No.: NB16068 

 
Research in nanoparticles (NPs) has seen an exponential growth in recent years because of their 

unique properties and possible applications in various pharmaceutical and biological fields including drug 
delivery. A large number of drugs have been developed but their applications are limited because of their 
poorly aqueous-solubility. The work included in this thesis focuses on the preparation and characterization 
of human serum albumin (HSA)-based NPs and poly lactic co-glycolic acid (PLGA)-based NPs for the 
effective delivery of poor aqueous soluble flavonoids. The inhibitory property of NPs on the nonenzymatic 
glycation of proteins has also been investigated.  

Fisetin, morin and epicatechin are polyphenols that exhibit several activities including antioxidant, 
anticancer, and anti-inflammatory activities, etc. Many attempts have been made to improve their aqueous 
solubility and bioavailability through encapsulation. In the work embodied in this thesis, fisetin-loaded HSA 
NPs (Fis-HSA-NPs), morin-loaded HSA NPs (Mor-HSA-NPs) and epicatechin-loaded HSA NPs (EC-HSA-
NPs) were prepared and characterized for particle size, and morphology. The fisetin/morin/epicatechin 
content in nanoparticles was determined and their in vitro release properties, antioxidant and anticancer 
activities investigated. MTT assays showed that the polyphenols-loaded NPs are capable of destroying the 
cancer cells more potently compared to fisetin/morin/epicatechin alone. This is also supported by 
fluorescence microscopy images. This result is likely to facilitate an understanding of how to enhance the 
delivery of flavonoids like fisetin, morin and epicatechin by encapsulation. In another study, model lipid 
membranes were prepared using zwitterionic 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), negatively 
charged 1,2-dioleoyl-sn-glycero-3-phospho-L-serine (DOPS) and positively charged 1,2-dioleoyl-sn-
glycero-3-phosphoethanolamine (DOPE). Calcein leakage assays and fluorescence anisotropy measurements 
have been used to monitor whether the prepared flavonoid-loaded HSA NPs are permeable to these 
membranes. The results show that the NPs are able to cross the model lipid bilayer membranes, an essential 
step for further potential applications as delivery vehicles. Apart from HSA, the matrix PLGA has been used 
to prepare morin-loaded PLGA NPs (MPNPs) in order to improve the solubility of morin. In addition the 
interaction of MPNPs with HSA has been investigated to explore the influence of HSA on the release 
efficiency of morin. Several biophysical techniques, such as UV-Visible, fluorescence, and circular dichroism 
(CD) spectroscopy have been used to study the interaction of the prepared NPs with HSA. To elucidate the 
role of HSA on the release of morin from MPNPs, an in vitro release study was further performed to observe 
the release property of morin from HSA bound MPNPs. The results indicate that MPNPs can act as a 
sustained release carrier for morin and HSA bound MPNPs help in enhancing its sustained release property. 
The inhibitory properties of NPs on the nonenzymatic glycation of proteins have also been examined. The 
results show that NPs protect the free amino groups of the model protein HSA from reacting with ribose, 
thereby preventing the formation of advanced glycated end products (AGEs). The research embodied in this 
thesis opens up ideas for the development of delivery methods for flavonoids with potential therapeutic 
activity and provides interesting insights in the biomedical field for further in vivo applications.  

 
Keywords: Human serum albumin; Poly lactic-co-glycolic acid; Nanoparticles; Polyphenols; Anticancer; 
Antioxidant; In vitro release; Glycation 
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LACTONES (RALS) AND RAMARIOLIDES 
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Resorcylic acid lactones (RALs), a class of polyketide, originate from the fungal metabolites. With  

the first isolation of radicicol in 1953, more than 40 naturally occurring RALs have been reported which 
includes paecilomycins A-F and cochliomycin A-C. All of these compounds have received considerable 
attention due to their potent biological properties, which include antifungal, cytotoxic, antimalarial, antiviral, 
antiparasitic, estrogenic, nematicidal, protein tyrosine kinase, and ATPase inhibition activities. Ramariolides 
A-D, structurally unique butenolides have been recently isolated from the fruiting bodies of coral mushroom 
Ramaria cystidiophora found in the southern British Columbia region. Ramariolide A was found to exhibit 
significant in vitro antimicrobial activity against Mycobacterium smegmatis and Mycobacterium 
tuberculosis. 

We have focused our attention for the asymmetric total synthesis of RALs and ramariolides by 
adopting lipase catalyzed kinetic resolution (EKR), metal-enzyme combined dynamic kinetic resolution (ME-
DKR), various types of asymmetric transformations involving asymmetric propargylation, asymmetric 
dihydroxylation, olefination reactions, coupling reactions and lactonization methods. The thesis briefly 
describes successful asymmetric synthesis paecilomycin E, 10´-epi-paecilomycin E, 6´-epi-cochliomycin C, 
paecilomycin F, cochliomycin C, zeaenol and two brominated zeaenols. Synthesis of ramariolides A and C 
is also described in the thesis. 

 
 
 
 
 
 
 
 
 

Keywords: Resorcylic acid lactones, γ-Alkyledene butenolides, Asymmetric synthesis, EKR, ME-DKR, Z-
E isomerisation, Macrolactonization, Synthetic methods, Total synthesis. 
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The present thesis entitled “Synthesis and Catalytic Activities of Cationic Ruthenium Complexes: 

C−O and C−C Bond Formation via Activation of Terminal Alkynes and Allylic Nucleophilic substitutions” 
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is primarily an effort towards the synthesis and catalytic activity of various cationic and di-cationic ruthenium 
phosphine complexes with bidentate phosphine and aminophosphinite ligands for the activation of terminal 
alkynes and allylic nucleophilic substitutions leading to carbon–oxygen and carbon–carbon bond formation. 
The results are described in mainly four parts. They are summarized below.  

The moisture- and air-stable cationic ruthenium(II) complexes, [Ru(dppp)2(CH3CN)Cl][BPh4] (C1), 
[Ru(η6-p-cymene)(dppe)Cl][PF6] (C2), [Ru(η6-p-cymene)(dppp)Cl][PF6] (C3) and 
[Ru(DPMC)2(CH3CN)2][2BPh4] (C4) {DPMC = (S)-tert-butyl1-(diphenylphosphinooxy)-3-methylbutan-
2-ylcarbamate} have been synthesized and characterized. All the ruthenium complexes are derived from very 
commonly used starting materials, [Ru(PPh3)3Cl2 ], [{Ru(η6-cymene)Cl2}2] and cis-[Ru(DMSO)4Cl2]. The 
complex C1 has been synthesized from the reaction of [Ru(PPh3)3Cl2] with diphenylphosphinopropane 
(dppp) by the procedure reported form this laboratory and complex C2 and C3 were synthesized form the 
reaction of [{Ru(η6-cymene)Cl2}2] with diphenylphosphinoethane (dppe) and diphenylphosphinopropane 
(dppp), in acetonitrile in the presence of NH4PF6, respectively. The complexes have been characterized by 
elemental analyses, IR, 1H and 31P NMR spectroscopy and single crystal X-ray crystallography.  

The catalytic activity of the new complexes was studied, and the ruthenium(II) cationic complexes 
have been found to activate terminal alkynes as well as propargylic alcohols towards the addition of both 
aromatic and aliphatic carboxylic acids to alkynes. From in-situ 1H and 31P NMR studies, we conclude that 
the activation of the terminal alkynes initially involves coordination of alkyne to the metal center followed 
by the formation of vinylidene complex. Regio- and stereoselective vinylation take place depending on the 
nature of ruthenium catalyst. By utilizing this methodology as the critical step, different fatty acid enol esters 
were synthesized from the addition long chain fatty acids with terminal alkynes. We also developed a one-
pot synthesis of O-dienylesters through the regio- and the stereoselective addition of both aliphatic and 
aromatic carboxylic acids to different propargylic alcohols and one pot Tandem atom-transfer radical 
polymerization of the products 1,3-dienes. The initial addition reaction takes place through the formation of 
a carbon–oxygen bond followed by dehydration.  

The regio- and the enantioselective addition of phenols and carboxylic acids to allylic chlorides was 
developed by using chiral di-cationic Ru(II) complex, C4 as the catalyst and enantiomeric branched selective 
allylic ethers and allylic esters, respectively, were isolated. A number substituted phenols bearing both 
electron donating and electron withdrawing group smoothly underwent the allylation reaction with allyl 
chlorides with complete regioselectivity. The reaction is equally effective for substituted as well as 
unsubstituted aromatic acids. From in-situ 1H and 31P NMR studies, we found that first ruthenium η3-allyl 
complex is formed followed by the addition of phenoxide or carboxylate ion on the allylic carbon to afford 
the intermediate. Then subsequent reductive elimination leads to the generation of active complex and 
liberation of the product.  

A highly efficient metal-catalyzed allylic alkylation of allylic alcohol with various active methylene 
compounds has been developed. This ruthenium catalyzed direct carbon-carbon bond forming reaction 
produced mono-allylated products selectively with high yields using 2 mol% of C3. The use of additives like 
pyrrolidine and acetic acid was essential for preventing undesirable side reactions. From in situ NMR studies, 
we evaluated the role of these additives. It was found that pyrrolidine reacts with dicarbonyl compounds to 
generate enamines in the presence of acetic acid, which act as a reactive intermediate.  

All the catalytic reactions have been investigated in detail from a synthetic viewpoint to assess their 
synthetic merit/limitations. In particular cases, efforts have been made to understand initial substrates 
activation in catalytic cycles.  

 
Keywords: Alkynes, Ruthenium, Enol Esters, Phosphine complexes, Fatty acids, Dienyl ester, Dienes , 
Propargylic alcohol, carboxylic acid, Polymerization, One pot, Tandem reaction, Allyl Chlorides, Allylic, 
Ester, Ether, chiral Aminophosphinite complexes, Phenol, Allyl alcohol, Alkylation, Active methylene, 
Mono-allylation, Pyrrolidine, Acetic acid, Enamines 
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The aim of the dissertation is to develop some new functionalized amphiphiles that are prone to self-

assemble in organic, aqueous medium or in their mixtures through various noncovalent interactions. Despite 
a number of reports on gelation behaviour of different amphiphiles, the structure-property relationship is yet 
to be understood in detail. For the development of new gelators it is important to understand what effects are 
actually driving the self-assembly formation of different amphiphiles. This thesis intend to study the 
selfassembly behaviour of various structurally different amphiphiles through several techniques to 
understand the mandatory factors that affect gelation. The thesis describes gelation behaviour of achiral and 
relatively shorter alkyl chain containing fatty acids and fatty acid derivatives that self-assemble in polar protic 
solvents. During gel formation, if solute-solute interaction overcomes solute-solvent interaction, then either 
gel or precipitate is formed. It is important to note that most of the reports on fatty acid derivatives describe 
gelation by longer and chiral 12-hydroxy-stearic acid in nonpolar solvents. The thesis includes gelation and 
selfassembly studies of a series of amphiphiles bearing poly(ethylene glycol) (PEG) chain conjugated to L-
cysteine. It was intended to check what would happen if the long hydrocarbon chain is replaced by a so-called 
polar PEG chain. Thus, the effect of PEG chain length on gelation was evaluated in the thesis. Stimuli-
responsive behaviour (such as ultrasound) of a PEG-containing gelator was also examined. The post-
ultrasound effect on the molecular level was determined. Effect of H-bonding on two-component gelation by 
simple mixing of amines and anhydrides at room temperature was also evaluated. The fate of gelation was 
determined by the competetion of chemical reaction and H-bonded complex formation prior to the chemical 
reaction between the two. If the latter wins then the gels are produced, otherwise the molecules precipitated 
out. Understanding of the structural features required for gelation is mandatory because amphiphiles having 
all the mandatory features for gelation such as H-bond formation, π-π stacking interaction and van der Waals 
interaction could not achieve gelation. In such cases addition of inorganic salt was observed to bring about 
gelation in aqueous-organic medium. The sensitivity of these gels to both salt and solvent polarity is described 
in detail. As far as biocompatibility is concerned, β-amino acid containing peptide-based amphiphiles were 
found to have the ability to form hydrogels triggered by pH. The self-assembly behaviour well describe the 
effect of side chains of the Nconjugated-amino acid on hydrogelation. For all these tripeptides, the fiber 
formation occurred above a critical concentration. During self-assembly formation the gelator molecules 
organize in an antiparallel β-sheet arrangement. The lamellar fibres thus formed undergo twisting to produce 
helical structures. Mechano-responsive property of the hydrogel was incorporated by inclusion of a 
hydrophilic polymer [poly(vinyl alcohol)]. The effect of peptide-polymer co-assembly on gel morphology 
and optical properties was also investigated. Finally, sustained release of an anticancer drug, doxorubicin 
from the hydrogel was monitored by utilizing its thixotropic property. 

 
Keywords: Gels, amphiphiles, poly(ethylene glycol), ultrasound, tripeptides, circular dichroism, rheology, 
NMR spectra. 
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The work presented in this dissertation is focused on self-assembly behavior of PEG based 

unconventional amphiphiles. The objective of this study is to see how conventional surfactants containing 
hydrocarbon tail(s) would behave when their hydrophobic tail(s) is (are) substituted by so-called polar 
poly(ethylene glycol) (PEG) chain. With this in mind, a series of molecules consisting of a single or double 
PEG tails or a combination of a PEG and a hydrocarbon tail covalently linked to an anionic (sulfonate) or 
zwitterionic (L-cysteine) head was synthesized and characterized. Molecules with two zwitterionic heads 
connected by a PEG chain were also designed and developed. The self-assembly properties of these 
molecules in water at room temperature were investigated by use of a number of methods including surface 
tension, fluorescence, NMR, dynamic light scattering, transmission electron microscopy, atomic force 
microscopy and isothermal titration calorimetry. The surface tension measurements indicated that the 
molecules with only PEG chains as tail or spacer are less surface active in comparison to conventional 
surfactant molecules. But the molecules containing typical hydrophobe (hydrocarbon or cholesterol) and PEG 
chains were found to be surface active like conventional surfactants. However, fluorescence probe studies 
suggested that both single and double PEGtailed molecules self-assemble in water at room temperature to 
spontaneously form stable vesicles. The results of fluorescence as well as 2D NOESY 1H-NMR studies 
indicated that the vesicle bilayer is constituted by the PEG chains. The thermodynamic parameters also 
suggest that spontaneous vesicle formation is entropy driven process. This means as in the case conventional 
surfactants the hydrophobic interaction among the PEG chains is the major driving force for aggregate 
formation. In other words, the PEG chains behave like hydrocarbon chains. Interestingly, molecules 
containing both hydrocarbon and PEG chains, the latter acts as a polar head group. In other words, these 
molecules behave like conventional surfactants. In fact, these molecules exhibit thermodynamically stable 
vesicle formation followed by vesicle-to-micelle transition in concentrated solution. However, these 
amphiphiles exhibit LCST behavior at acidic pH. Zwitterionic bolaamphiphiles with low-molecular-weight 
PEG as spacer were also observed to spontaneously self-assemble in water at room temperature. Despite 
having so called polar spacer the bolaamphiphiles produce stable monolayer vesicles in water. The stability 
of monolayer and bilayer vesicle under physiological conditions suggests that they can be applied for 
encapsulating hydrophilic as well as hydrophobic guest molecules. The encapsulation and release of 
hydrophilic as well as hydrophobic guest molecules have been demonstrated in this work. Thus the vesicles 
can have potential applications in drug delivery. 

 
Keywords: Amphiphiles, poly(ethylene glycol), bolaamphiphiles, vesicles, calorimetry, fluorescence, 
microscopy 

 
 

VISIBLE LIGHT ACTIVATED PHOTOREMOVABLE PROTECTING 
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Our main focus was to develop visible light activated environment sensitive photoremovable 

protecting groups for controlled delivery of bio-active molecules. With this intention, we synthesized 
fluorescent organic phototriggers based on p-hydroxyphenacyl and coumarin which can regulate the release 
of active molecules upon photoexcitation. We modified these phototriggers in such a way that they became 
sensitive toward tumor microenvironments like reactive oxygenetive species (H2O2), hypoxia, nitric oxide 
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(NO) and zinc (for prostate cancer). Finally, we used the newly developed environment sensitive drug 
delivery systems for cell imaging and release of active drug in vitro.  

The thesis entitled as “Visible Light Activated Photoremovable Protecting Groups: Design, 
Development and Biomedical Applications” consists of five chapters. Chapter 1 describes the Overview of 
Photoremovable Protecting Groups and Drug Delivery Systems. Chapter 2 deals with Environment 
Activatable Nanoprodrug: Two-Step Surveillance in the Anticancer Drug Release. Chapter 3 illustrates an 
In-situ Generation of Triazolocoumarin: A Strategy for Hypoxia Activated Nitric Oxide Detection followed 
by Photoresponsive Delivery of Antitumor Agent. Chapter 4 describes Single Component Image Guided 
‘On-demand’ Drug Delivery System for Early Stage Prostate Cancer and Chapter 5 describes ‘AIE + ESIPT’ 
Assisted Photorelease: Fluorescent Organic Nanoparticles for Dual Anticancer Drug Delivery with Real-
Time Monitoring Ability. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
COMPUTER SIMULATION STUDIES ON THE DYNAMICS OF WATER 

AND POLAR AMINO ACID SIDECHAINS IN COMPLEX CAVITIES 
 

Sanjib Paul 
Supervisor: Prof. Srabani Taraphder 

Department of Chemistry 
Accession No.: NB16066 

 
The primary aim of this thesis is to use computer simulation studies to probe correlated motions for 

polar amino acid sidechains and water molecules inside an appropriate cavity to understand how they 
contribute to highly specific functions such as enzyme catalysis. For this purpose, the thesis has been 
organized in two parts as described below. 

In the first part of this thesis, a hydrophobic pore has been computationally modeled based on a 
single walled carbon nanotube functionalized at the inner wall with an analogue of polar amino acid sidechain 
such as that of His, Asp, Glu, Ser and Thr. We have carried out classical molecular dynamics simulation to 
study the spontaneous filling and retention of water molecules inside the core of functionalized cabon 
nanotubes immersed in water. A seemingly counter-intuitive application of the FCNTs as a prototype of water 
storage devices is also explored. 

In the second part, the well-known enzyme human carbonic anhydrase II has been studied where 
rotation of the sidechain of a histidine residue at the active site controls the formation of water mediated 
proton transfer paths in the rate determining step of catalysis. For this key sidechain rotation, within the frame 
work of transition path sampling simulation, an optimal reaction coordinate is determined using aimless 
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shooting and half trajectory likelihood maximization along with a Bayesian information criterion. Finally, 
the relevance of such sidechain rotation in the steps of catalysis is assessed by calculating the free energy 
profile and rate constant of transition along this reaction coordinate. 

 
Keywords: Functionalized carbon nanotube, water storage, carbonic anhydrase, conformational fluctuation, 
transition path sampling. 

 
 

ENVIRONMENT SENSITIVE PHOTOREMOVABLE PROTECTING 
GROUPS FOR CONTROLLED RELEASE OF BIOACTIVE MOLECULES 
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Supervisor: Prof. N. D. Pradeep Singh 
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Our main focus is to develop environment sensitive photoremovable protecting groups for controlled 

delivery of bio-active molecules. With this intention, we synthesized fluorescent organic phototriggers based 
on coumarin, p-hydroxyphenacyl and acetylpyrene which can regulate the release of active molecules upon 
photoexcitation. Further, we anchored these phototriggers with moieties such as benzothiazole and spiropyran 
to make them environment sensitive. We have used the newly synthesised environment sensitive drug 
delivery systems for cell imaging and release of biological relevant molecules for in vitro studies.  

The thesis entitled as “Environment Sensitive Photoremovable Protecting Groups for Controlled 
Release of Bioactive Molecules” consists of five chapters. Chapter 1 describes the overview of 
photoremovable protecting groups and drug delivery systems. Chapter 2 deals with Coumarin-
Benzothiazole-Chlorambucil (Cou-Benz-Cbl) Conjugate as an ESIPT (Excited State Intramolecular Proton 
Transfer) Based pH Sensitive Photoresponsive Drug Delivery System. Chapter 3 illustrates a p-
Hydroxyphenacyl-Benzothiazole-Chlorambucil conjugate as a Real-Time Monitoring Drug Delivery System 
Assisted by Excited State Intramolecular Proton Transfer. Chapter 4 describes Spiropyran-Coumarin 
Platform: An Environment Sensitive Photoresponsive Drug Delivery System for efficient cancer therapy and 
Chapter 5 describes 1-Acetylpyrene-Salicylic acid: Photoresponsive Fluorescent Organic Nanoparticles for 
Regulated Release of Natural Antimicrobial compound Salicylic acid. 
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STUDIES ON THE COMBINED APPLICATIONS OF [4 +2] ANIONIC 

ANNULATION AND CARBONYL-ENE REACTION IN THE SYNTHESIS OF 
HYDROAROMATICS AND RELATED QUINONE NATURAL PRODUCTS 

 
Shyam Basak 

Supervisors: Prof. Samik Nanda and Prof. Dipakranjan Mal 
Department of Chemistry 
Accession No.: NB15893 

 
This thesis has dealt with combined application of [4 + 2] anionic annulation and carbonyl-ene 

reaction for the synthesis of tetralins and hydroanthracenones. 2- Methallyl aromatic aldehydes, synthesized 
by Suzuki coupling of 2-formylaryl boronic acids, are shown to provide cycloalkylidene products under 
acidic conditions. The problem of susceptibility of the products to aromatization is circumvented by varying 
the reaction conditions and catalysts including binol-derived Brønsted acid catalysts. A peri-effect is 
identified as one of the controlling factors for the aromatization. Several oxidative transformations of an ene 
product are carried out as model studies of hydroaromatic polyketide natural products. 

 

 
 
 
 
 
 
 For the extension of the above chemistry to anthracenones, the annulation chemistry of skipped 

dienoates have been studied. 2,5-Hexadienoates, sensitive to isomerization by acids and bases, are shown to 
be suitable for the [4 + 2] anionic annulation to give 3- methallylnaphthoates in regiospecific manner. The 
accessibility of the naphthoates culminated in a new synthesis of anthraquinones, hydroanthracenones based 
on intramolecular carbonyl-ene reaction. A similar annulation of a skipped dienoate has led to the short 
synthesis of dehydroherbarin and first synthesis of a trimethyl ether ethyl ester of K-259-2. 

 
 
 
 
 
 
 
 
 
 
 
 

Keywords: Boronic acid, Ene reaction, Aromatization, peri-Effect, Annulation, Dienoate, Isomerisation, 3-
Methallylnaphthoates, Anthraquinone, Hydroanthracenones, Total synthesis. 



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 85
 

 
 

SYNTHESIS AND CHARACTERIZATION OF FLUORENE BASED Π-
CONJUGATED OLIGOMERS AND POLYMERS FOR OPTOELECTRONIC 

AND SENSORY APPLICATIONS 
 

Sk Najmul Islam 
Supervisor: Dr. Sanjib K. Patra 

Department of Chemistry 
Accession No.: NB16041 

 
The development of highly luminescent fluorene based main-chain organic/organometallic 

oligomers and polymers has attracted much attention due to their smart application in many areas of materials 
science such as organic light emitting diodes (OLEDs), solar cells, chemosensors, and field-effect transistors 
(FETs). Fascinated by the current research trend, a series of fluorenylalkynyl based rod-shaped oligomers 
with alkynyl termini and their corresponding Au(I)/Pt(II) containing main-chain organometallic oligomers 
and polymers have been synthesized and characterized by various spectroscopic tools. Judicious 
incorporation of different donor and acceptor aromatic moieties such as phenyl, naphthalene, anthracene, 
benzotriazole, benzothiadiazole through alkynyl spacers in between two fluorenyl-alkynyl units allowed fine 
tuning of the optical and electronic properties. The binuclear Au(I)-alkynyl σ-complexes and Pt(II) containing 
metallopolymers exhibit phosphorescence at 77 K due to heavy atom effect, inducing efficient intersystem 
crossing leading to triplet emission, as manifested by the life time values in the range of millisecond. These 
phosphorescent organometallic wires are attractive building blocks for application in OLEDs and other 
optoelectronic devices. Highly emissive fluorene and thiophene based π-conjugated copolymers even in solid 
state, have also been synthesized and their electroluminescence properties have been explored following the 
device configuration ITO/PEDOT:PSS(50 nm)/P1-P2(80 nm)/BCP(40 nm)/Al(100 nm). Both the polymers 
exhibit electroluminescence in the cyan range with the maxima (λmax) at 469 and 481 nm with low onset 
voltage of 4 V. Furthermore, fluorene and perylene diimide n-type copolymers have been successfully 
designed and developed as non-fullerene acceptors for all polymer solar cells to develop efficient, low cost 
and lightweight photovoltaic devices. All the polymers display wide absorption band ranging from 250 to 
650 nm, and the optical band gaps determined from the absorption band edges are found to be 1.76-1.84 eV. 
The favorable energy levels make the synthesized n-type π-conjugated polymers as potential candidates to 
explore as non-fullerene acceptor in all polymer solar cells. Finally, 1,2,3-triazole functionalized polyfluorene 
π-conjugated emissive polymers have been explored for trace detection of nitroaromatics (NACs) both in 
solution and solid state. The reversible fluorescent probes exhibit nanomolar detection of picric acid in 
contact mode by naked eye, demonstrating its practical utility as quick and inexpensive way detection of trace 
NACs. 

 
Keywords: Fluorenyl-alkynyl, metal-acetylide, Organometallic σ-complex, Gold(I) and platinum(II), 
Oligomers and polymers, Photophysical properties, Solvatochromism, Triplet state emission, Optoelectronic 
device, Organic light emitting diodes, Perylene diimide, n-Type semiconducting polymer, Non-fullerene 
acceptor, All polymer solar cell, Fluorescent probe, Molecular wire effect, Nitroaromatics detection, 
Selectivity and sensitivity, Trace detection, Repeatability. 
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APPLICATION OF THE HAUSER ANNULATION IN THE SYNTHESIS 
OF NAPHTHOQUINONE-CARBOHYDRATE HYBRIDS AND MAYAMYCIN 

RELATED ANGUCYCLINE C-GLYCOSIDE 
 

Soumen Chakraborty 
Supervisors: Prof. Dipakranjan Mal and Prof. Samik Nanda 

Department of Chemistry 
Accession No.: NB16022 

 
1) An efficient and regioselective synthetic route to naphthoquinone/naphthoquinol-carbohydrate hybrids 1 
(a & b) has been developed. It is based upon anionic annulation of 3-nucleofugalphthalides 2 with acrylate 
appended sugars 3.  
 
 
 
 
 
 
 
 
 
2) Intramolecular aldol condensation of 4 provides a robust synthetic route to naphthalenone 5. The Hauser 
annulation of 5 allowed a facile access to a C5 sugar appended angucycline 6, retated to mayamycin 7.  
 
 
 
 
 
 
 
 
 
3) Several glycosyl donors have been systematically investigated for C-glycosylation of substituted β-
naphthols to delineate the effect of the substituents. Efficiency of the glycosylation depends on the nature of 
both, substituents of arene ring and glycosyl donors. Among various glycosyl donors, trichloroacetimidate 
glycosyl donors are found to be superior for glycosylation with substituted 2-naphthols.  

 
 
 
 
 
 
 
 
 

Keywords: C-glycosylation, Hauser annulation, naphthoquinone/naphthoquinol-carbohydrate hybrids, aldol 
condensation, 2-naphthols, Lewis acid, trichloroacetimidate glycosyl donors. 
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EFFECTS OF EXTERNAL ADDITIVES ON THE FIBRILLATION OF 
THE Aβ25–35 PEPTIDE AND OF GRAPHENE OXIDE ON HUMAN SERUM 

ALBUMIN FIBRILLATION 
 

Sudipta Bag 
Supervisor: Prof. Sunando DasGupta 

Department of Chemistry 
Accession No.: NB16049 

 
The self-assembly of proteins and peptides is thought to be responsible for commonly occurring 

neurological disorders such as Alzheimer’s disease (AD). The amyloid β-peptide (Aβ), a 40/42 residue long 
peptide, is reported to be the chief constituent of senile plaques in the AD-affected brain. Several fragments 
of the Aβ peptides such as Aβ25-35, Aβ17-40/42, Aβ31-35, Aβ11-40/42, Aβ1-38, Aβ22-35, Aβ1-16, Aβ12-28 etc. are being 
used for in vitro and in vivo studies. The amyloid β-(25–35) peptide (Aβ25-35) represents the biologically 
active and toxic domain of the full length Aβ peptide. This fragment has been used for the studies reported 
in this thesis, as it fibrillates rapidly and also shows toxicity similar to the full length peptide.  

The focus of this thesis was to investigate the amyloid fibril formation by the Aβ25-35 peptide and its 
modulation by several external factors in vitro. Several spectroscopic and microscopic techniques have been 
applied to monitor the fibrillation process. Thioflavin T and Congo red, the fluorescent marker dyes were 
used to confirm amyloid fibril formation. UV-Vis based studies were performed to observe the turbidity of 
the fibrillar solutions and examine the decrease in soluble protein content. The molecular weight of the protein 
aggregates were obtained from MALDI-TOF spectrometry and DLS studies provided the size of the protein 
fibrils. Morphological evolution of amyloid fibrillation and its modulation were further determined by using 
different microscopic studies.  

Amyloid fibrillation of the Aβ25-35 peptide was carried out at pH 7.4 and 37 °C. Preformed fibrils of 
the Aβ25-35 peptide were found to disintegrate in the presence of micelles of surfactants with longer 
hydrophobic tails. Inhibition of amyloid fibrillation of the Aβ25-35 peptide was achieved by adhesion of the 
peptide on a graphene oxide (GO) surface with the aid of hydrophilic and hydrophobic interactions and by 
oxidizing Met-35 amino acid using H2O2 in another study. Elevation of homocysteine levels in the human 
body shows toxicity by its conversion to homocysteine thiolactone (HCTL) which reacts with the ϵ-amino 
group of Lys residues of proteins. Treating the peptides with HCTL, an amine oxide osmolyte, glycerol, 
model phospholipid membranes and silver nanoparticles were found to accelerate the Aβ25-35 peptide 
fibrillation through amino acid modifications and electrostatic interactions among the peptide units and 
additives. Preformed fibrils were also found to undergo enhanced fibrillation in presence of non-ionic 
surfactants through possible H-bonding interactions. The studies carried out indicate that the possibilities of 
hydrophobic interactions constitute a major determining factor in preformed fibril-surfactant interactions. 
Electrostatic interactions appear to play an important role in the modulation of the amyloid fibrillation process 
of the monomeric Aβ25-35 peptide.  

The inhibitory activity of GO was further studied on the in vitro fibrillation of the most abundant 
serum protein, human serum albumin (HSA). HSA undergoes fibrillation in presence of external conditions 
and serves as a good model protein in protein aggregation studies. HSA fibrils were obtained in a water-
ethanol mixed solvent system at 37 °C. Significant restoration of the α-helical content of the HSA was found 
to occur in presence of higher concentrations of GO in the system. The studies will provide potential 
information regarding the understanding of the mechanism of amyloid fibrillation process and its inhibition 
strategies in general.  

 
Keywords: Aβ25-35 peptide, Human serum albumin, Amyloid fibrils, Micelles, Homocysteine thiolactone, 
Phospholipids, Graphene oxide, Silver nanoparticles 
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STUDIES TOWARDS ASYMMETRIC SYNTHESIS OF BIOACTIVE 
OXINDOLE COMPOUNDS: SYNTHESIS OF (+) AG-041R, (-) 
PSYCHOTRIASINE, ABC RING OF CYANOGRAMIDE AND 

PYRROLINDONYL SPIROXINDOLES 
 

Suhas Shivajirao Bhosale 
Supervisors: Prof. Dibakar Dhara and Prof. Saumen Hajra 

Department of Chemistry 
Accession No.: NB16030 

 
The 3-3′ oxindole framework is considered as a privileged heterocyclic motif, as it is present in 

many bioactive natural products and in a series of pharmaceutically active compounds. The significant 
bioactivities and versatility of these compounds propelled us to develop newer methodologies for the 
asymmetric synthesis of 3,3′-disubstituted oxindoles and their application synthesis imporrtant natural 
products and drug leads.  

3-Subtituted-3-amino-2-oxindoles such as indole based β3,3-amino acid derivatives are privileged 
structural motifs that are found in numerous pharmaceuticals and can also serves as important precursors in 
synthesis of pyrroloindoline alkaloids. A highly efficient TMSOTf-mediated asymmetric Mukiayama-
acetate-Mannich reaction of isatin derived chiral N-tert-butanesulfinyl ketimines and S-phenyl thioacetate 
was developed to afford the direct synthesis of indole-based β3,3-amino acid thioester with excellent 
selectivity (dr >99:1). Synthesis of (+)-AG-041R, formal synthesis of (-) psychotriasine and reagent-free 
peptide coupling have been accomplished utilizing the developed method.  

Scheme 1 Mukiayama Mannich reaction chiral isatin derived ketimines. 
 
 
 
 
 
 
 
 
 
 
 
 Recently an unprecedented pyrrolidonyl spiroxindole alkaloid, cyanogramide was isolated having 

a 3,3′-oxindole skeleton. It exhibits reversal effect towards P-gp-mediated multidrug resistance and shows a 
significant cytotoxic effect. The remarkable bioactivity and interesting structure of cyanogramide allured us 
to attempt its total synthesis and to synthesize pyrrolidonyl spiroxindole compounds for their bioactivity 
study. 

After overcoming various initial failures, we are able to synthesize dihydro ABC ring of 
cyanogramide utilizing a carboxyl migration reaction followed by spiro lactamization. The synthesized 
pyrrolidonyl spiroxindole is an advanced key intermediate in the synthesis towards cyanogramide.  

Scheme 2 Synthesis of dihydro ABC ring of cyanogramide. 
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The pyrrolidonyl spiroxindole is an unique skeleton present in cyanogramide and few bioactive compounds. 
Synthesis and the biology of pyrrolidonyl spirooxindoles are sparely explored. We have developed a highly 
efficient one-pot protocol for the asymmetric synthesis of pyrrolidonyl spiroxindoles with excellent 
selectivity (dr: >99:1 and ee upto 99%) via domino aziridine opening and lactamization reaction of oxindole 
ester with chiral aziridine.  

Scheme 3 Domino aziridine opening and spirolactamization reaction. 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
With the developed domino reaction, we have synthesized a small library (twenty-two) of pyrrolidonyl 
spiroxindoles and tested for anti-inflammatory and anticancer activity. Among these, one compound showed 
promising anticancer activity.( IC50 of 10 μM).  

 
Keywords: 3-3′ oxindole, asymmetric Mukiayama-acetate-Mannich reaction, (+)-AG-041R, (-) 
psychotriasine, reagent-free peptide coupling, pyrrolidonyl spiroxindole, alkaloid, cyanogramide, aziridine 
opening, 

 
CATALYTIC ENANTIOSELECTIVE UNIFIED TOTAL SYNTHESIS OF 

(-)-PODOPHYLLOTOXIN, ITS ANALOGOUS STEREOISOMERS AND ALLIED 
LIGNANS 
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Lignans, generated by a β-β' linkage of two cinnamyl units, are the diversely oriented natural 

products with potent bioactivities. Either γ-butyrolactone or tetrahydrofuran moiety with different oxy-
functionalized arenescan be found as a common structural unit in thousands of the naturally occurring lignans. 
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Among the oxyarenes, 3,4-methelenedioxyarene is a very important structural motif found in many bioactive 
lignans. (-)-Podophyllotoxin1 is not only in the central position of these lignans but also in whole lignan 
family. As this molecule itself is used for the treatment of genital warts and serves as a synthetic precursor 
for the chemotherapeutic drugs etoposide and teniposide. In addition, the natural isomeric lignans of 
podophyllotoxin exhibit important bioactivities. Thus these attracted considerable attention towards synthetic 
chemists for the asymmetric total synthesis of these molecules for the last sixty years. However, a method 
for the catalytic enantioselective concise total synthesis was still an unmet challenge. Our focus was on that 
synthetic challenge, where we optimized an organocatalytic aldol route to access a lactone intermediate 
6.This lactone intermediate 6 serves as the precursor for the synthesis of (-)-podophyllotoxin 1, it's 
stereoisomeric analogousand other allied lignans. An intramolecular Heck cyclisation of benzylidene lactone 
5 and subsequent distal stereocontrol catalytic transfer hydrogenation (CTH) completed the total synthesis of 
(-)-podophyllotoxin 1 in five steps. Stereoisomeric derivatives of (-)-podophyllotoxin such as (-)-
picropodophyllin 2, (+)-isopicropodophyllin 3, formal synthesis (+)-podophyllotoxin (ent-1) and (-)-
isopodophyllotoxin 4 were synthesized using different hydrogenation and reductive-Heck reaction, 
respectively. The synthesized lactone intermediate 6 was utilized for the study of Suzuki cross coupling and 
Stille coupling reactions towards the synthesis of (-)-steganacin 7. Short scalable total synthesis of 
furofuranlignanssuch as (+)-sesamin8, (+)-aschantin9 and dibenzylbutyrolactone lignans (7′R)-
parabenzlactone 10, (-)-yatein 11 were accomplished using the synthesized lactone intermediate 6 (Scheme 
1).  
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Keywords: (-)-Podophyllotoxin, Organocatalytic cross aldol reaction, Intramolecular Heck cyclisation, 
Reductive Heck cyclisation, Catalytic transfer hydrogenation (CTH), Distal stereocontrol hydrogenation. 

 
STUDIES ON [4+2] ANIONIC ANNULATION OF ALLENE 

CARBOXYLATES WITH PHTHALIDES, AND SYNTHESIS OF VITAMIN K 
AND FUROINDOLONES 

 
Supriti Jana 

Supervisors: Prof. Samik Nanda and Prof. Dipakranjan Mal 
Department of Chemistry 



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 91
 

Accession No.: NB15978 
 

The thesis entitled “Studies on [4+2] anionic annulation of allene carboxylates with phthalides, 
and synthesis of vitamin K and furoindolones” deals with the development and application of new 
synthetic methodologies in organic chemistry based on anionic annulations. 

Chapter 1 describes the concept of anionic annulations, exploration of which is described in next 
three chapters. 

Chapter 2 illustrates the development of a synthesis of 2,3-disubstitured naphthoquinones by means 
of a demethoxycarbonylative benzannulation and its application as a key-step in a total synthesis of vitamin 
K2 (Scheme 1).  

Scheme 1: Synthesis of 2,3-disubstituted naphthoquinones (including vitamin K2) 
 
 
 
 
 
 
 
 
In Chapter 3, a new methodology for the synthesis of naphtho[b]furanones and 

naphtho[c]furanones from allene carboxylates is described. For the first time, allene carboxylates have been 
used as acceptors in an annulation for the synthesis of carbocycles. This methodology has been applied in the 
formal synthesis of arylnaphthalene lignans justicidin B and taiwanin C (Scheme 2 and 3). 

 
Scheme 2: Reaction of allene carboxylates with phthalides under anionic conditions 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 3: Reaction of allene carboxylates with C3-nucleofugal phthalides under anionic Conditions 
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The last chapter i.e. Chapter 4 depicts a new and concise synthesis of furo[b]indol-1-ones and its 
thio derivative. Anionic activities of these furoindolones have briefly been examined in a study directed 
towards their annulations (Scheme 4). 

 
Scheme 4: Synthesis of furoindolones by intramolecular Heck-type cyclization 
 
 
 
 
 
 
 
 
 

Keywords: Organic synthesis, anionic annulation, C3-nucleofugal phthalides, demethoxycarbonylative 
benzannulation, total synthesis, vitamin K, allene carboxylates, arylnaphthalene lignans, furoindolones. 

 
 

STUDIES ON MORPHOLOGY DEPENDENT CATALYTIC, PROTEIN 
FIBRILLATION AND ANTIOXIDANT ACTIVITY OF CuO 

NANOSTRUCTURES 
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Supervisor: Prof. Amita (Pathak) Mahanty 

Department of Chemistry 
Accession No.: NB16075 

 
Cupric oxide (CuO), a versatile p-type narrow band gap semiconductor with monoclinic crystal 

structure, is one of the most extensive studied transition-metal oxides systems because of their relative 
abundance, low cost and immense application in a variety of fields. Each of their technological applications 
entails specific physicochemical properties, which can only be associated with certain morphology. 
Therefore, their morphology modulated properties, acquired through dimensional manipulation in the nano-
regime, have always stimulated researchers to synthesize them in various nanostructured shapes and sizes in 
order to delve into their surface-sensitive applications.  

Although numerous size- and morphology-dependent properties offered by different CuO 
nanostructures have been reported in literature, systematic study of the growth mechanism of the different 
morphological forms and their correlation with the various properties has been few and sporadic. Thus, the 
focus of the present work will be to address this vacuity by synthesizing various morphologies (rod, sphere, 
star and flower) of the CuO nanostructures through a facile aqueous based chemical precipitation route 
starting from a precursor solution of copper acetate wherein, the Cu2+ ions are suitably stabilized through 
complexation with different organic acids (viz. acetic/citric/tartaric acid). Each of the prepared morphological 
forms of CuO nanostructures will thereafter be comprehensively examined for their proficiency to function 
as: (a) a nanocatalyst in the reduction of 4-nitrophenol to 4-aminophenol in presence of NaBH4; (b) a inhibitor 
in the protein fibrillation process in human serum albumin (HSA); and (c) a free radical scavenger / as an 
antioxidant agent in: (i) the reduction of 2, 2-diphenyl- 1-picrylhydrazyl (DPPH) in ethanol medium, and (ii) 
quenching of the fluorescence intensity of an unique fluorescent probe of N and S co-doped carbon dots 
(NSCD) in aqueous medium.  

The study revealed that the star-shaped morphologies of CuO exhibited the maximum catalytic 
activity towards the reduction of 4-nitrophenol which could be attributed to their higher specific surface area, 
more positive surface charge potential and to the presence of a high indexed facet. Following the similar 
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trend, the star-shaped nanostructures of CuO, by virtue of their highest adsorption capacity towards the HSA 
monomers, have been recognized to be most competent in inhibiting the fibrillation process in HSA compared 
to the other CuO nanostructures. On the other hand, the rod-shaped CuO nanostructures have been found to 
show the highest free radical scavenging activity with (i) easing of the process of electron transfer to the 
stable DPPH radical so as to achieve up to 95% reduction of the DPPH in 1 h, and (ii) 60% quenching of the 
fluorescence intensity of NSCD by 1.5625 mM CuO due to eased electron transfer to the valence band of 
NSCD. Higher radical scavenging activity of the rod-shaped CuO nanostructures can be attributed to their 
high negative surface charge potential at experimental pH; large accessible surface due to absence of any 
chelating ligand attached to the Cu+2 ion during preparation; and low adsorption potential due to lower BET 
specific surface area.  

 
Keywords: Cupric oxide, 4-Nitrophenol, Human serum albumin, Fibrillation, Carbon dots 
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We discuss the studies of complex chemical reactions using manual and automated methods in this 

thesis. When there is sufficient knowledge about the reactants, products and a few intermediates in a reaction, 
we have modelled the reaction manually by sketching the scheme of reactions and guessing the geometries 
of the stationary points and transition states. This manual modelling was used for the reactions involving 
multiple spin states or multiple surfaces (in photochemical reactions). For studying reactions with many 
pathways or unknown products, we developed and used an automated reaction finding method. 

In Chapter 1 a brief history of the developments in understanding chemical reactions are discussed. 
Some of the recent development in modelling chemcial reactions by manual and automated methods are 
discussed at the end. A brief background of the basics of quantum chemistry, ab initio and density functional 
theory, and algorithms for optimization of minimum energy path and stationary points are given. Enzymatic 
reactions involving Cytochrome P450 undergoes a multi-state reactivity. 

In Chapter 2 we discuss the formation of D-ring in the biosynthesis of anti-cancer drug Taxol. A 
cluster model containing the active site was used. A new pathway is proposed that is more favorable compared 
to the previously proposed pathways. 

Chapter 3 deals with another set of complex reactions that involve photochemically excited states: 
a) the excited state intramolecular proton transfer (ESIPT) process through the first singlet excited state (S1), 
and, b) the reaction mechanism of photodissociation involved in the removal of photo removable protecting 
groups through the first triplet excited state (T1). 

The development of an improved automated reaction finding method is discussed in Chapter 4. A 
Tabu-search based algorithm is used for improving the search space. The implementation wass validated 
using a set of Diels-Alder reactions and then applied to the functionalization of graphene. 

An application of our automated reaction finding strategy on a challenging problem in pre-biotic 
chemistry is discussed in Chapter 5. We studied the tetramerization of the HCN molecule which is proposed 
as one of the pathways in the chemical evolution. We have mapped new as well as already discovered reaction 
routes for the formation of important molecules, DAMN and AICN, in the prebiotic chemistry. 

 
Keywords: Automated reaction finding, Photo-dissociation, Prebiotic Chemistry, Excited state 
intramolecular proton transfer, Oxetane formation, enzyme catalysis. 
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SYNTHESIS AND STRUCTURAL CHARACTERIZATION OF METAL 
COMPLEXES BEARING UNSYMMETRICAL IMINOPYRROLYL PINCER 

TYPE LIGANDS 
 

Venkata Anudeep P.N. 
Supervisor: Prof. Ganesan Mani 

Department of Chemistry 
Accession No.: NB15862 

 
A new iminopyrrolyl ligand [2,5-(2,6-iPr2C6H3N=CH)(CH2NMe2)C4H3N], 2 was synthesized from 

the condensation of pyrrole-2-carbaldehyde with 2,6-diisopropylaniline. 2 was fully characterized by 
spectroscopic as well as single crystal XRD methods. A few air sensitive alkali metal complexes bearing this 
ligand were synthesized. The reaction of 2 with sodium hydride in two different solvents yielded two different 
sodium complexes: [Na2{μ-(2,5-(2,6-iPr2C6H3N=CH)(CH2NMe2)C4H2N)-κ3N}2], 4 and [Na2(THF)2{μ-(2,5-
(2,6-iPr2C6H3N=CH)(CH2NMe2)C4H2N)-κ3N}2], 5 as determined by their X-ray structures. A new trinuclear 
lithium complex [Li3(THF)3(μ3-nBuO){MeN(CH2-α-C4H3N-α-CH=NAr)2-κ5N}], 8 containing the n-
butoxide anion was synthesized from the reaction of MeN(CH2-α-C4H3N-α-CH=NAr)2, 6 with n-BuLi and 
characterized by single crystal XRD method. The reactions of the lithium salt of 2 with SmCl3, YbCl3 and 
AgBF4 yielded the corresponding Sm(III), Yb(III) and Ag(I) complexes, [M(μ-Cl)2{2,5-(2,6-
iPr2C6H3N=CH)(CH2NMe2)C4H2N-κ3N}{μ-(2,5-(2,6-iPr2C6H3N=CH)(CH2NMe2)C4H2N)-κ3N}Li(THF)], 
M = Sm (9) and Yb (10) and [Ag2{μ-(2,5-(2,6-iPr2C6H3N=CH)(CH2NMe2)C4H2N)-κ3N}2], 11 respectively, 
and characterized by X-ray methods. 

In addition, the coordination behavior of the iminopyrrolyl ligand, 2 was further studied by 
synthesizing various transition metal complexes. A new trinuclear Cu(II) complex [{Cu(H2O)(μ-OAc){(2,5-
(2,6-iPr2C6H3N=CH)(CH2NMe2)C4H2N)-κ2N}2(μ-Cu(OAc)2)], 12 and two structurally related Cu(II) 
complexes [CuCl2(H2O){(2,5-(2,6-iPr2C6H3N=CH)(CH2NHMe2)C4H2N)-κ2N}], 13a and 
[CuCl(H2O)(MeOH){(2,5-(2,6-iPr2C6H3N=CH)(CH2NHMe2)C4H2N)-κ2N}] 13b present in the same unit cell 
were synthesized. The treatment of either of these complexes with solid NaOH gave the same yet another 
binuclear Cu(II) complex [Cu2(μ-OH)2{(2,5-(2,6-iPr2C6H3N=CH)(CH2NMe2)C4H2N)-κ2N}2], 14. Similar 
type of binuclear Cu(II) complex [Cu2(μ-OH)2{(2,5-(2,6-iPr2C6H3N=CH)(CH2NMe2)-4-(I)-C4HN)-κ2N}2], 
15 was synthesized by reaction of CuI with the iminopyrrolyl ligand. This unusual complex contains one 
iodine atom at the β-position of the ligand pyrrole ring. Furthermore, using ligand 2, zwitterionic complexes 
[PdCl2{(2,5-(2,6-iPr2C6H3N=CH)(CH2NHMe2)C4H2N)-κ2N}], 16 and  [Zn(OAc)2 {(2,5-(2,6-
iPr2C6H3N=CH) (CH2NHMe2)C4H2N)-κ2N}], 17 were also synthesized and structurally characterized. 

The reaction of the iminopyrrolyl ligand [2,5-(2,6-iPr2C6H3N=CH)(CH2NMe2)C4H3N] with Ph2PH 
afforded a new class of unsymmetrical pincer type ligand [2,5-(2,6-iPr2C6H3N=CH)(CH2PPh2)C4H3N] 
(NNP), 18 in high yield. The reaction of the NNP pincer with NiCl2(DME), [Ni(OAc)2]. 4H2O, Pd(COD)Cl2 
or Pd(OAc)2 yielded the corresponding pincer metal complexes of the type [M(κ3-NNP)X] {M = Ni, X = Cl 
(20); M = Ni, X = OAc (21); M = Pd, X = Cl (23); M = Pd, X = OAc (24)}, respectively. Conversely, the 
reaction of the NNP pincer with [Pd(PhCN)2Cl2] gave the mononuclear complex [Pd(NNP-κP)2Cl2], 22 
containing the spectator NNP ligand. The structure of all these complexes were determined by X-ray methods 
and confirmed by spectroscopic studies. 

In addition, 2,3,4,5-tetrakis(diphenylphosphorylmethyl)pyrrole, 28 was synthesized by the reaction 
between bis(dimethylaminomethyl)pyrrole and Ph2PCH2OH followed by oxidation with H2O2 and 
characterized by NMR and IR methods. 
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Keywords: Unsymmetrical, Iminopyrrolyl, Pincer ligand, Schiff Base, Pyrrole-based, Polydentate ligand, 
Coordination Chemistry, Bidentate, Tridentate, Mononuclear, Dinuclear, Trinuclear, Air Sensitive, 
Transmetalation, Zwitterioinic, Mixed Metallic Complex, Single Crystal X-ray diffraction and 31P NMR. 
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A new class of pyrrole-based bis(phosphinimine) ligands, 2,5-bis (diphenyphosphoiminomethyl) 

pyrrole (NNN) 1 and 1,9-bis(diphenylphosphinoiminomethyl)diphenyldipyrrolylmethane (NNNN) 2, were 
synthesized in very good yields by treating 2,5-bis(diphenylphosphinomethyl)pyrrole and 1,9-
bis(diphenylphosphinomethyl)diphenyldipyrrolylmethane with trimethylsilylazide, respectively. The 
analogous reaction with Se powder at room temperature afforded two new compounds, 2,5-
bis(diphenylselenophosphorylmethyl)pyrrole (SeNSe) 3 and 1,9-bis(diphenylselenophosphorylmethyl)-
diphenyldipyrrolylmethane (SeNNSe) 4 in very good yields, respectively. The bis(phosphinimine) 1 reacts 
with AgBF4 or AgOTf to give the mononuclear silver(I) complexes [Ag{C4H3N-2,5-(CH2PPh2NSiMe3)2-
κ2N,N}]X (X = BF4-- 5 and OTf-- 6), respectively. Similarly, 1 reacts with [Cu(COD)Cl]2 or 
[Cu(CH3CN)4]BF4 to afford the mononuclear copper(I) complexes, [Cu{C4H3N-2,5-(CH2PPh2NSiMe3)2-
κ2N,N}]X (X = CuCl2

-- 7 and BF4-- 8), respectively. Treatment of 1 with Pd(PhCN)2Cl2 in the presence of 
triethylamine afforded pincer Pd(II) complex [Pd(Cl){C4H2N-2,5-(CH2PPh2O)2-κ3ONO}], 9. Treatment of 
bis(phosphinimine) 2 with [Cu(COD)Cl]2 gave the mononuclear copper(I) complex [CuCl{μ-
(NNNN)}CuCl], 10. On the contrary, 2 underwent reaction with AgBF4 or AgOTf to give the dinuclear 
silver(I) complexes containing the P-N bond hydrolyzed ligand, [Ag2{μ-C21H16N2-1,9-(CH2PPh2O)2-
O,O}2][X2]− (X = BF4

-- 11 and OTf-- 12), respectively. A new Ni(II) complex containing the hydrolyzed 
ligand, [Ni{Ph2C(C4H2NH)2-1,9-(CH2PPh2NH)2-κ4N,N,N,N}], 13 was also synthesized by treating 2 with 
NiCl2·DME.  

Treatment of ligand 3 with AgOTf afforded the mononuclear silver(I) complex [Ag{C4H3N-2,5-
(CH2PPh2Se)2-κ2Se,Se}] OTf−, 14. The reaction of another new ligand C4H2N-2,5-(CH2PPh2S)2 15 with 
[PdCl2(PhCN)2] or Pd(OAc)2 afforded [Pd(Cl){C4H2N-2,5-(CH2PPh2S)2-κ3SNS}], 17 and [Pd(OAc){C4H2N-
2,5-(CH2PPh2S)2-κ3SNS}], 18 respectively. Treatment of 15 with AgBF4 or AgOTf afforded similar 
mononuclear silver(I) complexes, [Ag{C4H3N-2,5-(CH2PPh2S)2-κ2S,S}]X (X = BF4

-- and OTf−), 19 and 20 
respectively. Treatment of the dipyrromethane based ligand Ph2C(C4H2NH)2-1,9-(CH2PPh2S)2 16 with 
AgBF4 gave the mononuclear silver(I) complex [Ag{Ph2C(C4H2NH)2-1,9-(CH2PPh2S)2- κ2S,S }] BF4

--, 21. 
Structures of most of complexes were characterized by both spectroscopic and single crystal X-ray diffraction 
methods.  

The reaction between the multidentate ligand 2,3,4,5-tetrakis(3,5-dimethylpyrazolylmethyl)pyrrole 
(LH) and Mo(CO)6 or [W(CO)3(CH3CN)3] gave two new binuclear tricarbonyl Mo(0) and W(0) complexes, 
[Mo2(CO)6(μ-η2:η2-LH-κ4N)] 22 and [W2(CO)6(μ- η2:η2-LH- κ4N)] 23, respectively. Their X-ray structural 
analyses showed the metal centers are bridged by the double bonds of the central pyrrole ring μ-η2:η2), a 
rarely observed coordination mode. Interestingly, complex 22 is a catalyst precursor for the hydroamination 
reactions of phenylacetylene with a series of secondary amines at room temperature offering the 
regioselectively formed anti-Markovnikov product in excellent yields. In addition, DFT calculations were 
performed to understand the bonding nature of the pyrrole ring in 22 and 23 and to estimate the energy of six 
different conformations of LH.  
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A mixture of 2,5-bis(dimethylaminomethyl)pyrrole 29 and 5,6-dimethyl benzimidazole under reflux 
conditions afforded 2,5-bis(5,6-dimethylbenzimidazol-1-yl)pyrrole, 30. The analogous reaction of 1,9-
bis(dimethylaminomethyl)diphenyldipyrrolylmethane, 31 with imidazole in xylene under reflux conditions 
readily afforded 1,9-bis(imidazol-1-yl) diphenyldipyrrolylmethane, 32. Treatment of 32 with methyl iodide 
afforded 1,9-bis(N-methylimidazolium-1-yl)diphenyldipyrrolylmethane diiodide, 33. The reaction of 31 with 
5,6-dimethylbenzimidazole afforded 1,9-bis(5,6-dimethylbenzimidazol-1-yl)diphenyldipyrrolylmethane, 34. 
Treatment of compound 30 with methyl iodide and benzyl bromide afforded 2,5-bis(5,6-dimethyl-N-
methylbenzimidazolium-1-yl)pyrrole diiodide and 2,5-bis(5,6-dimethyl-N-benzylbenzimidazolium-1-
yl)pyrrole dibromide, 35 and 36 respectively. The reaction of 2,6-bis(dimethylaminomethyl)-p-cresol, 37 
with 5,6-dimethylbenzimidazole under reflux conditions gave compound 2,6-bis(5,6-dimethylbenzimidazol-
1-yl)-p-cresol, 38 which upon treatment with benzyl bromide under reflux conditions afforded 2,6-bis(5,6-
dimethyl-N-benzylbenzimidazol-1-yl)-p-cresol dibromide, 39. Treatment of ligand 36 with Ag2O followed 
by addition of Pd(PhCN)2Cl2 or Pd(OAc)2 afforded Pd(II) complexes containing C-N bond cleaved ligand, 
PdX2(C16H16N2)2 (X = Cl and Br), 40 and 41 respectively. Similar reaction with Zn(OAc)2·2H2O gave Zn(II) 
complex ZnBr2(C16H16N2)2, 42. Similarly, a new Pd(II) complex Pd(C16H16N2)4 43 was obtained by treatment 
of ligand 39 with Ag2O followed by addition of Pd(PhCN)2Cl2. Pd(II) carbene complex 
PdCl2(C5H9N2)CH3CN, 45 was obtained from the reaction of 2,5-bis(N-methylimidazolium-1-
ylmethyl)pyrrole 44 with Ag2O followed by addition of Pd(PhCN)2Cl2.  

Treatment of 2,5-bis(dimethylaminomethyl)pyrrole 29 with thiophenol afforded 2,5-
bis(phenylsulfanylmethyl)pyrrole, 46 which upon treatment with m-CPBA afforded 2,5-bis 
(benzenesulfonylmethyl) pyrrole, 47. Treatment of 1,9-bis (dimethylaminomethyl) 
diphenyldipyrrolylmethane 31 with aminothiophenol and thiophenol under reflux conditions gave 1,9-
bis(aminothiophenylmethyl)diphenyldipyrrolylmethane, 48 and 1,9-bis (thiophenylmethyl) 
diphenyldipyrrolylmethane, 49. In addition, treatment of 2,5-bis(dimethylaminomethyl)pyrrole with 5,6-
dimethylbenzimidazol-1-carbinol and imidazole-1-carbinol under reflux conditions gave the tetra substituted 
pyrrole, 2,3,4,5-tetrakis(5,6-dimethylbenzimidazol-1-ylmethyl)pyrrole, 50 and 2,3,4,5-tetrakis(imidazol-1-
ylmethyl)pyrrole, 52 respectively. Treatment of 50 with benzylbromide afforded 2,3,4,5-tetrakis(5,6-
dimethyl-N-benzylbenzimidazolium-1-ylmethyl)pyrrole, 51. The diazacalix[2]phenyldipyrrolylmethane, 54 
was obtained by the Mannich reaction of dipyrrolylmethane, formaldehyde and methylamine hydrochloride.  

 
Keywords: Pincer ligand, Pyrrole-based, Polydentate ligand, Coordination Chemistry, Bidentate, Tridentate, 
Mononuclear, Dinuclear, Hydroamination reactions, Anti-Markovnikov product, Single Crystal X-ray 
diffraction and 31P NMR. 
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The thesis strives to develop an understanding of the process of interfacial delamination in glass 
fiber/foam/epoxy sandwich composite with an objective of developing measures for its identification and 
mitigation. These lightweight yet high strength sandwich composite panels are typically utilized in civil, 
mechanical, marine, aerospace and other engineering applications. In-spite of several advantages, sandwich 
composites are sensitive to interfacial delamination (debonding) between face sheet and core which typically 
limits their applications in comparison to monolithic structures. Interfacial delamination causes loss of 
structural integrity leading to severe damage or even catastrophic failures. Identification of interfacial 
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delamination at an early stage may prevent catastrophic structural failures. Two different interfacial 
delamination identification technologies based on embedded fiber-optic sensors have been developed in this 
thesis for identification of face-core debond in early stage: Embedded fiber optic Bragg grating (FBG) sensor 
arrays and single mode – multi mode - single mode (SMS) fiber sensors. A network of FBg sensors have 
been utilized to obtain a real time identification of face core debond initiation and propagation morphology 
for sandwich structures through point sensing of strain using the principle of wavelength division 
multiplexing. Whereas single mode-multi mode-single mode fiber sensors, based on the principle of multi-
mode interference (MMI), have been developed as a low cost effective alternative to distributed interfacial 
strain estimation within the samples. Apart from identification there is also a need to develop mitigation 
measures initially at the time of manufacturing. Two different methodologies have been established as part 
of this thesis in the area of mitigation of interfacial delamination of sandwich composites: shear key concept 
and nano doping of multi walled carbon nanotubes in epoxy resin system. The shear key concept is based on 
insertion of a key region at the interface to improve upon the shear performance of the sandwich composites. 
Even though this type of structural modifications might offer cost-effective and conceptually easy solution 
to the problem but may cause overall weight gain of the component materials in large fabrication (which 
affects the major advantage of these materials/structures having high strength to weight ratio). Thereby, 
constituent modifications such as doping of MWCNTs within the resin mix add practically negligible weight 
and thus preserves the main advantage of higher strength to weight ratio in sandwich structures while 
improving the mechanical performance of interfacial delamination between the face sheet and the core. 
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In the present thesis, analytical, numerical and experimental studies have been conducted on stone 
column-improved ground under various loading conditions. Mathematical model is developed for prediction 
of settlement, stress and rate of radial consolidation for stone column-improved ground under axi-symmetric 
loading condition (i.e. circular embankment) by converting the stone columns to equivalent rings of stone 
keeping the area ratio constant. Mathematical models are also developed to study the soil-foundation 
interaction behavior of stone column-improved ground under uniformly loaded circular raft and cylindrical 
storage tank considering separation between the bottom raft and the ground under lift-off condition (i.e. 
tensionless foundation) which can occur in the bottom raft at certain loading conditions. In the developed 
models, the stone column, soft soil and granular fill are idealized as stiff non-linear spring, spring-dashpot 
system and Pasternak shear layer, respectively. The circular embankment is also idealized as Pasternak shear 
layer, whereas the raft is assumed to follow the theory of thin plate. In case of cylindrical storage tank, the 
raft is loaded with line load and moment along the periphery in addition to uniformly distributed load over 
the raft. The governing differential equations are derived and appropriate boundary conditions are applied for 
each loading condition. The solution is obtained using finite difference method. The developed models are 
simple and take less time for the analysis. However, the stone column-reinforced ground is actually a 3D 
problem. Therefore, some conversion techniques are used to convert the 3D problems to axi-symmetric (or 
plane strain) problem. To study the real 3D problem and check the effectiveness of the developed 
mathematical models, laboratory experiments and 3D numerical modeling (in FLAC3D) are done on stone 
column-supported embankment. In the laboratory model test, nine stone columns arranged in square pattern 
are loaded with sand embankment. Model experiments are conducted for different spacing to diameter ratio 
of stone columns, surcharge load and embankment material with or without fine content in it. In the numerical 
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simulation, square unit cell and strip models (strip of stone columns) are developed considering modified 
Cam clay model for soft soil and Mohr-Coulomb failure criteria for both embankment and stone aggregates. 
It is observed that the use of modular ratio up to 40 and spacing to diameter ratio in between three and four 
is suitable for effective design of stone columns. Tensionless foundation idealization for elastic foundation is 
essential for appropriate design under lift-off condition. Proper choices of density of granular fill, thickness 
or grade of concrete of the raft can avoid the lift-off as well as it can make the design economical by means 
of reduction of moments and shear force in the raft. Charts are provided for maximum stress concentration 
ratio at different height of embankment, geometry of stone columns and modular ratio. Arching ratio 
increases and stress concentration ratio decreases with the increase of fine content in the embankment 
material. Change in settlement is insignificant beyond 20% fine content in the embankment soil. No 
differential settlement can be observed on the embankment surface if the embankment height (i.e. critical 
height) is more than 2 times the clear spacing between the stone columns for embankment soil without any 
fines and the value is increased to 2.6 when fine is present in the embankment soil. It is further observed that 
the developed mathematical models predict the response of the improved ground properly with a maximum 
10% variation as compared to the results obtained from the actual 3D numerical analysis. 

 
Keywords: Stone column, elastic model, tensionless foundation, embankment, raft, storage tank, axi-
symmetric, laboratory model test, FLAC3D. 
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With the augmenting urbanization, the natural ground is being converted into man-made impervious 
pavement surfaces. The imperviousness reduces the rainfall infiltration into the soil and increases the 
frequencies of flash floods. Moreover, these pavement surfaces act as heat energy storage media that have 
resulted in increased temperatures in the surrounding environment. In order to reduce these changes in the 
environment, porous pavements have been gaining attention for various applications in roadway layers, and 
one amongst such systems is: pervious concrete pavements (PCPs).  

Pervious concrete (PC) is a comparatively new pavement material compared to conventional and 
modified asphalt concrete as well as cement concrete materials. PC possesses unique interconnected pore 
structure that allows percolation of the stormwater, thereby reducing the issues of water stagnating on 
pavement surfaces. Several research gaps exist in the areas of structural, permeability, and functional domains 
of PC materials, which are essential in a complete understanding of the material as well as to advancing the 
state-of-the-art research and implementation.  

The main objective of this study was to characterize several PC variants for their structural, 
permeability, and functional properties, and hence assess their potential applicability as pavement systems 
for low to medium volume roads. Over twenty PC mixture combinations encompassing 360 specimens of 
varying geometries were used to determine several PC properties. The scope of the effort encompassed a host 
of nondestructive and destructive tests on PC, including: determination of density, porosity and ultrasonic 
pulse velocity (UPV); 3-Dimensional image analyses of pore parameters using x-ray micro tomography; 
quantification of compressive and flexural strength; estimation of fatigue life and impact-abrasion resistance.  

UPV tests indicated that the optimum gain of the ultrasonic signals for PC should be in the range of 
50-60 dB. UPV technique was able to capture the effect of different mixture variables that could be used as 
a candidate quality control test for future investigations. Nonlinearity in Darcy’s law was observed due to the 
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macropore structure of PC that eventually increased the momentum gain leading to turbulence in the flow. 
However, the Izbash’s coefficients indicated that the flow was in the transition regime wherein the gradations 
with larger sized aggregates deviated significantly from the classic Darcy’s law.  

Compressive strength of different PC mixtures was found to be ranging from 6-26 MPa, and the 
cylinders depicted shear-brittle type of fracture. The flexural strength was anywhere between 1.2 and 3.5 
MPa, and the flexural stiffness varied from 8000-15000 MPa. Predictive models were developed to estimate 
flexural strength and stiffness that form the basic inputs in the rigid pavement design. Comprehensive 
investigations were performed on the fatigue properties of PC mixtures, and S-N curves were developed that 
best fitted the power function. The distribution parameters indicated infant-mortality type of failure 
characteristic, in which the fatigue life was very low at higher stress levels. Fatigue life was more dependent 
on pore parameters at the mid-span of the PC beam specimen. Fatigue models based on the laboratory testing 
were developed for different porosities, which are first-of-its-kind in the domain of PC paving materials.  

The laboratory designed PC mixtures were successfully placed in the field encompassing eighteen 
slabs with three slabs per mixture type. Thermocouples were embedded within each representative slab for 
future monitoring purposes. These PCP test sections will serve as parking lots, walkways, and bicycle tracks. 
A set of guidelines was developed based on the extensive laboratory studies and pilot field test sections 
carried out as part of this research work. The practice guidelines included regression equations that were 
developed from the laboratory data, which will help in predicting different properties pertaining to PC 
performance. A mix design methodology for PC was developed and reported to determine the mixture 
variables required in attaining the targeted strength and permeability.  

Overall, the construction practices followed while constructing PCPs in this research study will 
certainly encourage future engineers and designers to implementing green ―pervious concreteǁ pavement 
system in India and world at large making it more sustainable.  

 
Keywords: Pervious Concrete; Porosity; Permeability; Compressive Strength; Flexural Strength; Fatigue; 
Image processing and analyses; Test Sections 
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Bicycles are one of the most affordable and flexible means of transportation in the context of a 
developing country such as India. Despite being an important mode of transportation and trip lengths being 
favorable for bicycling, a sharp decline in bicycle mode share has been observed in small and medium sized 
Indian cities mainly due to two reasons— a) inadequate infrastructure and b) unsafe conditions for bicycling. 
In this context, preservation of bicycle base could only be restored by providing users with a safe and 
comfortable bicycling infrastructure, which may also attract new users, provided that right policies are 
adopted. In this regard, it is essential to revisit the requirements of bicyclists in small and medium sized 
Indian cities such that appropriate policies could be formulated based on user preference and priorities on 
bicycle infrastructure. For this purpose, two case study cities in eastern India, a small sized city Kharagpur 
and a medium sized city Asansol were selected and a comprehensive methodology for bicycle infrastructure 
planning was developed.  

To start with, a methodological framework was developed to understand the relationship between 
user perception towards bicycle commuting and simultaneously to identify and prioritize a smaller set of 
factors (both motivators and deterrents) influencing bicycling in the Indian context in general, and those 
related to bicycle infrastructure in particular. Initially, a comprehensive set of fifteen factors influencing 
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bicycling either as a motivator or as a deterrent are identified. A five point Likert-type ordinal scale rating 
survey was designed and user perceptions on these fifteen factors were collected from bicyclists in both cities. 
In order to capture the underlying relationship between the identified factors and cluster them into a set of 
latent factors or constructs, Exploratory Factor Analysis (EFA) was adopted. Further to select the most 
important variables from each latent factor, two Multi Attribute Decision Making (MADM) techniques, 
namely RIDIT and GRA were used. Subsequently, from each extracted latent factor, the top ranked variable 
was identified, which includes both bicycle mode specific and infrastructure specific variables. Since the 
main focus of this study is to develop a framework for planning of bicycle infrastructure, only the bicycle 
infrastructure specific factors are selected for travel behavior analysis of bicyclists.  

In the second stage of the thesis, bicyclists’ perceptions on these identified infrastructure specific 
factors are investigated in terms of user benefit through a detailed travel behavior analysis. In this study, 
Willingness to pay (WTP) for a factor, is used as a measure of user benefit. For the stated purpose, a stated 
preference (SP) experiment was designed and responses were collected from bicyclists using travel intercept 
surveys in both Kharagpur and Asansol. The collected data were analyzed by developing appropriate 
econometric models (Multinomial Logit-MNL and Random Parameter Logit-RPL). Based on the 
econometric model coefficients, the WTP estimates or the perceived benefit associated with each 
infrastructure specific factor was calculated. The effect of bicyclists’ socioeconomic and trip characteristics 
on WTP values were also investigated by assuming heterogeneity around the means of random parameters 
while developing RPL models. Using the WTP values, Generalized Cost (GC), an integrated measure of 
perceived disutility was also estimated.  

Significant values of WTP estimates for different bicyclist user groups clearly indicate that there is 
substantial scope for improvement in bicycle infrastructure in typical Indian context. However, due to limited 
available resources, it is not possible to implement all improvement measures on all roadway segments 
simultaneously. As a result, a methodology for prioritization of roadway segments for bicycle infrastructure 
improvement needs to be formulated. The estimated GC values from the travel behavior analysis can be used 
for prioritization of roadway segments. On the other hand, bicycle suitability criteria have widely been used 
for evaluation of existing bicycle suitability of roadway segments. With that in mind, bicycle suitability 
criteria have been formulated by associating bicyclist perceived suitability of a segment with segment specific 
traffic and operational characteristics. Ordered Probit (OP) modelling technique was adopted for formulating 
bicycle suitability criteria. The roadway segments are then evaluated by both GC estimates and bicycle 
suitability criteria to check if results converge and lead to a consistent prioritization list. Results indicate that 
roadway segments with lower bicycle suitability are also associated with relatively higher GC. Therefore, 
roadway segments with higher GC estimates and lower bicycle suitability are prioritized for bicycle 
infrastructure improvement. Further, to recommend for specific improvement measures for the prioritized 
roadway segments, a method for prioritization of bicycle infrastructure improvement was developed. In this 
method, a set of alternative scenarios for improvement were developed and associated lifecycle costs were 
calculated. Benefit resulting from improvement in the bicycle infrastructure was also calculated using GC 
equation and a cost-benefit analysis is carried out to report the findings in terms of Economic Internal Rate 
of Return (EIRR).The results provide directions on specific improvement measures, from which significant 
benefit in terms of high EIRR could be achieved.  

Overall, this thesis develops a comprehensive methodology for planning of bicycle infrastructure in 
the context of two Indian cities with different demographic and transportation characteristics. While the 
findings of this study are case specific, the methodology developed could be followed with results serving as 
basis for comparison across other cities with similar characteristics.  

 
Keywords: Bicycle; Motivators; Deterrents; Likert-type ordinal scale; Latent Factor; Exploratory Factor 
Analysis (EFA); RIDIT; GRA; Travel Behavior Analysis; Stated Preference (SP); Willingness to pay (WTP); 
Multinomial Logit-MNL; Random Parameter Logit-RPL; Generalized Cost; Heterogeneity; Bicycle 
suitability criteria; Prioritization; Ordered Probit; Cost-benefit analysis; Economic Internal Rate of Return 
(EIRR) 
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TURBULENT WALL-WAKE FLOW DOWNSTREAM OF A WALL-
MOUNTED VERTICAL CIRCULAR CYLINDER 

 
Debshri Swargiary 
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This investigation deals with the time-averaged turbulent characteristics in wall-wake flow 
downstream of wall-mounted vertical cylinders. The vertical profiles of the deficits in horizontal velocity 
component, Reynolds shear stress (RSS), turbulence intensities, third-order moments and turbulent kinetic 
energy (TKE) fluxes exhibit a certain degree of self-similarity characteristic in near- and far-wake flow when 
they are scaled by their respective maximum deficit values. To achieve the self-similarity in velocity deficit 
profiles, the vertical distance is scaled by the half-thickness of maximum deficit. Interestingly, for all other 
aforementioned turbulence parameters, the vertical distances are scaled by the half-thickness of RSS deficit 
achieving the self-similarity in their deficit profiles. The values of the maximum deficit of all the quantities 
diminish with the distance downstream from the cylinder signifying the recovery of their uninterrupted 
upstream profiles. The third-order moments, TKE fluxes and quadrant analysis reveal that the near-wake flow 
is characterized by an accelerating effect, while the far-wake flow is characterized by a retarding effect. The 
TKE budget in the wall-shear layer of wall-wake flow is governed by a high negative pressure energy 
diffusion rate in addition to a high TKE dissipation rate. In wall-wake flow, the mean duration of bursting 
events is shorter than their mean interval of occurrence. The deficits in mixing-length and turbulent length 
scales exhibit some degrees of similarities in their profiles, when they are appropriately scaled. The Reynolds 
stress anisotropy reveals that the anisotropic invariant maps appear to be a closed looping trend in the near-
wake flow and an unclosed looping trend in the far-wake flow.  

 
Keywords: Flow characteristics; Hydraulics; Turbulent flow; Wall-mounted cylinder; Wall-wake flow. 
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A generic Volume-Conservative Incompressible Smoothed Particle Hydrodynamics (VC-ISPH) 

framework has been developed for multi-fluid flow interaction with deformable porous media. The porous 
domain may remain rigid or deform based on fluid pressure and relative velocity. An implicit particle shifting 
algorithm is proposed to minimize numerical compressibility induced by the divergence-free variant of ISPH. 
The corrective volume-conservative algorithm is validated with two benchmark cases: lid-driven cavity and 
dam break flow. The correction can be utilized irrespective of closed/open domains with/without porous 
matrix. The corrective displacement minimizes numerical compressibility while conserving solenoidal 
velocity criteria. A binary color indicator is introduced based on the miscibility of fluid for multi-fluid flow 
simulation. The indicator enables simultaneous simulation of miscible and immiscible fluids. The multi-fluid 
framework is validated with three different flow scenarios: single-mode Rayleigh-Taylor Instability and lock-
exchange flow (with/without free-surface). Fluid occupies only the pores inside a porous matrix. Thus, 
representative particle volume is altered using the effective porosity on the current particle coordinate to 
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incorporate solid volume for a continuum approach. The VC-ISPH algorithm is compared with experimental 
cases of dam break flows in a closed domain with a rectangular porous block placed in the middle. Linear 
momentum conservative density-weighted pressure gradient operator coupled with hybrid free-surface 
boundary minimizes spurious velocity fluctuation at the free-surface. Open channel flow simulations with 
specific inlet/outlet boundary conditions are performed by putting dummy particle across boundary 
thresholds. The algorithm is validated with different scenarios of laminar/turbulent flows with various 
topography. Deformable cohesionless granular media is simulated with a rheological approximation of Mohr-
Coulomb theory. The granular module is coupled with the Newtonian fluid flow in terms of an interaction 
force pair comprising of fluid pressure, viscous and drag forces. The coupled framework is validated with 
scenarios of dam break induced erosion and scour under a marine pipeline. It can capture transition of 
saturated (wet) to unsaturated (dry) zones of granular media or vice versa due to its separate modular 
structure. The model results show potential applicability of the developed framework. 

 
Keywords: Divergence-free ISPH, Multi-fluid Flow, Free-surface Flow through Porous Domain, 
Deformable Granular Media 
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The tremendous stress on defluoridation concerning the worldwide endemic effect of fluorosis 

moves the present research towards the development the novel adsorbents and its subsequent application on 
sorptive removal of fluoride. The calcined Ca‒Al‒(NO3) layered double hydroxide and aluminum/olivine 
composite (AOC) was prepared by the co‒precipitation and wet impregnation method, respectively, followed 

by calcination. The multivariate optimization of the preparation process parameters targeting 
defluoridation and the characterization of materials illustrated their interactive effect on the physicochemical 
properties of the adsorbents as well as the overall optima of the system. 

The adsorption process was also addressed with multivariate optimization by selecting artificial 
neural network and its subsequent modification as an appropriate method. The applicability of Freundlich 
isotherm and pseudo‒second‒order kinetics on both the adsorbents was revealed from extensive statistical 
analysis. The isotherm constant relating the adsorption capacity and the rate constant was arrived as 4.30 and 
3.06 (mg/g)(L/mg)1/n, 0.18 and 0.17 g/mg/min for calcined LDH and AOC, respectively at 30ºC with high 
value of R2 and low values of error functions (SSE, SAE, ARE,. HYBRID, MPSD, χ2) showing the significant 
model fit. The thermodynamic study delineated a spontaneous reaction of endothermic and exothermic nature 
for calcined LDH and AOC, respectively. 

The adsorbents possess good adsorption potential for fluoride removal; however, the low hydraulic 
conductivity hindered the column based operation. A novel sequential batch type reactor (SBTR) was 
designed for continuous study. The real‒time groundwater was also tested for batch and continuous scale 
experiments. The adsorbents exhibited a poor desorption, which implied the stability of spent material. Thus, 
the novel adsorbents performed significantly in batch and continuous based study for the real and synthetic 
water, showing a promising future in this field. 

The present study also explored the ambiguity and erroneous estimation of thermodynamic 
parameters, and a novel formulation was developed for the correct estimation of thermodynamic equilibrium 
constants from the various models. The problems associated with the use of age old isotherm models were 
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also addressed and a generalized isotherm model was proposed, which performed uniformly and segregate 
the effect of isotherm from other phenomena. A method of selecting the optimal condition of the adsorption 
system was developed through a decision tool coupled with artificial neural network and bi‒objective 
optimization with Pareto frontier analysis. 

 
Keywords: Fluoride removal, Layered double hydroxide, Aluminum impregnated olivine, Adsorption 
isotherm, Adsorption kinetics, Adsorption mechanism, Thermodynamic parameters, Multivariate 
optimization, Sequential batch type reactor 
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Fenton and Fenton-like processes are efficient advanced oxidation processes (AOPs) for degradation 

of persistent organic pollutants (POPs). Heterogeneous Fenton and Fentonlike methods are in focus in recent 
years. In the present study, we have prepared a new heterogeneous photo Fenton-catalyst, where Co(II) is 
adsorbed on a solid support, which is surfactant-modified alumina (SMA). The surfactant used here is sodium 
dodecyl sulfate (SDS), which has negative charge. Under suitable conditions it forms bilayer on alumina 
surface which has the potential to uphold positively charged ions, such as Co(II). The asprepared material, 
where Co(II) is adsorbed on SMA is designated as Co-SMA. Co-SMA has been characterized by SEM, FTIR, 
DRS, XPS, pHzpc analyses. A cationic dye (methylene blue) and an anionic dye (methyl orange) are degraded 
by photo-Fenton process in presence of H2O2 and visible light using Co-SMA as catalyst. Methylene blue 
(MB) is first adsolubilized on Co-SMA surface. MB gets fully adsorbed on Co-SMA surface because of ionic 
interaction and then degradation has been initiated by addition of H2O2 and exposure of visible light. The 
percentage degradation is measured by extraction of the dye from the reaction system. The reaction follows 
zero order which depicts that it is truly a surface catalysed reaction. This is the first report of adsolubilization-
based photo-Fenton process. On the other hand, methyl orange (MO) does not get entirely adsorbed on Co-
SMA surface. The degradation of methyl orange follows first order kinetics. The influence of different 
parameters such as, initial concentration of dye, dose of Co-SMA, H2O2 concentration and light intensity is 
studied in case of both the dyes (i.e. MB and MO). Box-Behnken design of response surface methodology 
(RSM) is used to analyze the interactive effects among the independent variables on percentage 
decolorization of MB and MO, and finally the process is optimized. Decolorization of real textile wastewater 
has been explored by photo-Fenton process using Co-SMA in batch study. The COD removal of real textile 
wastewater is found to be ~71% within 90 min reaction. Degradation of MO and real textile wastewater has 
also been studied in a continuous flow reactor. Finally the cost analysis of the process for degradation of 
textile wastewater is done.  

 
Keywords: Cobalt loaded surfactant modified alumina; Modified Fenton; Methylene blue; Methyl orange; 
Real textile wastewater 
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DEVELOPMENT OF MODELS FOR RESILIENT MODULUS AND TIME 
LAG OF BITUMINOUS MIXES 

 
Rajashekar Reddy D. 
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Accession No.: NB15996 
 

Most of the existing highway pavements are constructed as bituminous pavements with different 
thicknesses of bituminous layers. The bituminous layers are subjected to different conditions of loading (with 
varying magnitudes and speeds), temperature and moisture conditions and have to perform satisfactorily 
against distresses caused by fracture (low temperature as well as fatigue), permanent deformation and 
moisture damage. In the mechanistic-empirical design approach of bituminous pavements, the pavements are 
usually analysed using linear elastic layer theory for which the elastic moduli and Poisson’s ratio values the 
pavement layers are essential inputs. Considering that bituminous mixes are visco-elasto-plastic in nature, 
resilient modulus (Mr), obtained by taking only the resilient component of the deformation, and considered 
to be analogous to elastic modulus, is used by many agencies for analysis and design of pavements While 
numerous predictive models are available for prediction of dynamic complex modulus (E*), there are only a 
few models available for prediction of resilient modulus. Extensive laboratory investigations were carried 
out in this study for determination of the resilient modulus of different types of bituminous mixes and for 
development of predictive models for Mr. For this purpose, mixes prepared using four different aggregate 
gradations, five binders and five binder contents were tested under different conditions frequency and 
temperature.  

Rutting of bituminous mixes is a critical distress commonly occurring in bituminous pavements. 
Different binder and mix parameters having correlation to mix rutting are usually identified and specifications 
set for them to control mix rutting. Since bituminous mix is a visco-elastic material and thus a time lag is 
expected between the applied load and the resulting deformation. The existence of a good correlation between 
the mix time lag measured from resilient modulus test (especially when the test is conducted at higher 
temperature) and rutting susceptibility of the mixes evaluated using wheel tracking test has been 
demonstrated previously. Hence, time lag values have been extracted from the resilient modulus test data 
collected for all the combinations of mixes tested under different conditions of frequency and temperature. 
Predictive models have been developed for estimation of time lag for different mixes and for different test 
conditions.  

The Mr predictive models developed in this study can be used to select appropriate resilient moduli 
for different bituminous mixes for different frequencies which are relevant for different traffic speeds and 
different temperature conditions. Similarly, the time lag models will enable comparison of the rutting 
susceptibility of different bituminous mixes subjected to different conditions.  

 
Keywords: Bituminous mixes, binder type, aggregate gradation, frequency, temperature, resilient modulus, 
time lag, predictive models 
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The effect of specimen size on strength in self similar fiber-reinforced polymer (FRP) confined 
circular concrete columns where FRP wrap thickness are scaled with column size, is studied. Unlike many 
previous studies, a deterministic size effect is found to exist in large specimens. The mode of failure is seen 
to be critical: a size effect occurs whenever a specimen fails due to brittle fracture and shear banding. 
However ductile failure, induced by plastic dilation of concrete followed by FRP rupture, does not lead to a 
size effect. It is shown that there is increasing tendency for brittle failure with increase in specimen size; 
however if the confining pressure is maintained above a threshold value, this can be prevented. A simple 
analytical model is used to study the observed behavior. A scaling procedure, applicable to sufficiently 
confined specimen, is proposed. The procedure uses strength data from laboratory-scale specimens to 
estimate the strength of large field specimens. A newly obtained expression for the confining pressure, which 
does not assume that the FRP wrap is a thin shell, is seen to be crucial to the scaling procedure. In addition 
to the energetic size effect, the effect of randomness in tensile strength distribution is also investigated. 
Incorporation of random material strength using a non-Gaussian random field is seen to make little difference 
to the peak strength and size effect. However the correlation length of the random field is seen to have a 
strong influence on the post-peak response in unconfined specimens. The effect of imperfections in the FRP-
concrete interface on the strength and stress-strain response is also studied. An attempt is made to identify 
critical imperfection geometries and imperfection locations. Finally, the influence of the FRP-concrete bond 
on the response of FRP confined hollow columns is studied, and the size effect in such columns is 
investigated.  

 
Keywords: Concrete, FRP, Columns, Energetic Size effect, Scaling, Stochastic size effect 
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Deep excavation in a congested urban area is often required for the construction of underground 
transport systems, basements of high rise buildings, utility pipelines, etc. These excavations are often done 
vertically beneath the ground surface due to space constraints. The retaining walls are constructed and 
supported at different levels by horizontal beams (struts) spanning between the two opposite sides of an 
excavation to laterally support the near vertical excavated faces. The design of a cantilever wall or braced 
wall depends on number of factors, such as width of the excavation, embedment depth of the wall, excavation 
depth, wall thickness etc. Significant numbers of numerical and experimental studies have been performed 
to understand the behavior of a braced excavation under static condition. However, very limited studies have 
been conducted on the behavior of braced retaining walls under dynamic loading. In this research work, small 
scale model study in the laboratory and corresponding numerical analyses are performed to investigate the 
behavior of a cantilever and a braced retaining wall with single bracing or strut under dynamic loading 
condition in dry and saturated sands. It is found from the study that the maximum lateral displacement of an 
embedded cantilever wall occurs at the top of the wall and the maximum bending moment in the walls occurs 
below the bottom of the excavation in both dry and saturated soils. The maximum lateral displacement in the 
cantilever walls due to a dynamic loading is below 1% of the wall height in case of dry sand and 12.75% of 
the wall height in case of saturated sand. It is also found that, in case of braced excavation, the lateral 
displacement of the wall is significantly affected by a change in the peak amplitude of the base motions. The 
bending moment in the wall and the strut force are less affected. A change in the wall stiffness influences the 
deflection and the moment in the wall more than the strut force. The variation of the maximum bending 
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moment in a braced wall for different excavation depths shows that the maximum bending moment occurs at 
the end of the shaking event, for a lower excavation depth. However, for a large excavation depth, the 
maximum bending moment occurs during the motion. From the study on the saturated sand, it is observed 
that the soil below the excavation level (as compared to the sides) is more susceptible to liquefaction. The 
pore water pressure ratio (r

u
) increases with increasing peak amplitude of the base motions. The increase in 

the depth of excavation also enhances the triggering of liquefaction in the braced excavation. For a given 
depth of excavation, the lateral displacements and the bending moments in the braced walls increase with the 
amplitude of the base motions. However, when the soil liquefies due to an increase in the amplitude of the 
base motions, the braced walls undergo large deformations due to rotations.  

Keywords: Dynamic loading; Shake table; Braced excavation; Liquefaction; FLAC2D. 
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Activities of microbes within subterranean environments are known to influence aggregation of 

mineral particles. Microbe-mediated soil aggregation has been harnessed by geotechnical engineers in a 
variety of applications including erosion control, dust control and mitigation of liquefaction hazard. Although 
aggregation of mineral grains is expected to be controlled by chemical interaction between extracellular 
metabolic products resulting from microbial activities in the subsurface environment, investigations on these 
interactions on soil grain aggregation has been very limited. In this research, a number of species of soil-
residing bacteria with noticeable capabilities of aggregating soil particles through production of extracellular 
polymeric substances (EPS) and minerals in the presence and absence of urea in the nutrient media were 
isolated and identified. Loose and dense water pluviated sand samples hosting these microbes sustained with 
different compositions and doses of nutrients were subjected to drained and undrained triaxial tests in the 
laboratory to assess the influence of the activities of these species on deformation behavior of sand. Loose 
sand samples were found to exhibit greater dilatancy and shear strength than those for similar but biomass-
free samples. Test data for these samples indicated development of effective stress cohesion intercepts. 
Unsaturation introduced by CO2 produced by the microbes also resulted in a significant decrease in pore 
water pressure generation potential under undrained conditions. Although dense samples also developed 
cohesion intercepts at pre-failure deformation levels, microbial activities failed to improve the drained shear 
strengths and dilatancy appreciably. Compositions of extracellular metabolic products appear to explain the 
observed enhancements in mobilized deviator stress and changes in volumetric behavior. Data obtained in 
this research indicated that interaction between soil particles and extracellular metabolic products was 
controlled by their amounts, compositions and chemical and physical environmental parameters, e.g., pH, 
media flow rate and nutrient availability. Shake table and model soil erosion tests conducted in the laboratory 
indicated that activities of minimally sustained microbes turned loose sand more resistant against cyclic 
liquefaction and piping and erosion. It therefore appears that activities of minimally-sustained endemic strains 
of soil bacteria could be harnessed as sustainable and eco-friendly mitigation measures against water erosion 
and liquefaction problems. 

 
Keywords: Microbial metabolic products, soil aggregation, deformation behavior, EPS, calcite, cemented 
sand, shear strength, dilatancy, cohesion, erosion, liquefaction, shake table 
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The role of bus service is well recognized for mitigating traffic congestion and pollution in urban 
areas. Accordingly, several initiatives have been taken up by the Government to increase the number of good 
quality buses in Indian cities. However, the key issues related to the service design have not been addressed 
adequately. In most of the cities, different types of buses (in terms of size and quality) are operated without 
considering the implications on the service including the user cost and revenue. Also, the qualitative aspects 
have not been given due consideration while deciding the service. Therefore, the bus services are often 
exposed to critical issues such as overcrowding inside the bus, longer headway, lack of information, etc. The 
operational viability has also become a major issue as in many cities the bus services are operated by private 
operators. Therefore, the question remains, how to improve the urban bus service giving due consideration 
to both user and operator?  

In the present study, the optimal bus service is identified by minimizing the cost to bus users while 
satisfying the revenue requirements and other constraints. Generalized cost (GC) is used as a comprehensive 
measure of disutility associated with various attributes of bus service to users. A travel behavior analysis was 
carried out and the data collected from commuters were analyzed by developing several econometric models 
to calculate willingness-to-pay and GC equation. A simulation based approach is used for identifying optimal 
bus service for different route and demand scenarios. A wide range of route and demand scenarios were 
investigated using the proposed approach and the optimal bus services were identified.  

The findings of the study indicate that the optimal bus service characteristics vary depending on 
route and demand characteristics such as average link load, peak link load, route length, etc. The results also 
indicate that different types of buses are optimal in different ranges of demand levels and route lengths. 
Considering the variation in optimal type of bus and the service characteristics, a simple design chart and 
several tables are presented to help planners and practitioners to select the optimal bus services for different 
route and demand scenarios.  

 
Keywords: Optimal bus service, User cost, Operational viability, Simulation of bus service, Type of buses, 
Travel behaviour analysis, Route characteristics, and Demand characteristics. 
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Upstream and downstream piers are often found in different arrangements in neighboring bridge 
crossings on a river. In this study, interference of an upstream pier on clear water scour at the downstream 
piers was experimentally investigated and the results were discussed. Following three types of pier 
arrangements were tested: (i) two identical piers in a tandem arrangement, (ii) two identical piers in a 
staggered arrangement, and (iii) three identical piers in a symmetrically staggered arrangement. Two different 
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pier diameters (60 and 82 mm) were studied in the tandem arrangement. The equilibrium scour depth at the 
downstream pier varies approximately from 0.8 to 0.87 times the scour depth that occurs at a single pier. The 
minimum value of the equilibrium scour depth at the downstream pier in the tandem arrangement occurred 
at a spacing of 8b, which was considered as the best configuration for the design, where b was the pier 
diameter. For the two piers in a staggered arrangement, the equilibrium scour depth at the downstream pier 
was the lowest for the streamwise spacing of 6b, and the offset distance of 4b. It was observed that for a 
streamwise spacing > 8b and the offset distance of 4b the equilibrium scour depth at the downstream pier was 
more than that at the upstream pier. In the case of three piers in a staggered arrangement, as the radial distance 
between the upstream and downstream piers increases, the scour depths at the downstream piers decrease.  

A semi-empirical model was presented to estimate the time variation of scour depth at the 
downstream pier when two piers are arranged in tandem arrangement under the clear water scour condition 
with uniform sediments. The methodology developed for computing the time variation of scour depth was 
based on the concept of the mass conservation of sediment, considering the primary horseshoe vortex system 
as the main agent of scouring and assuming a layer-by-layer scouring process. The final analytical equation 
was a first-order differential equation, which has been solved numerically by the fourth-order Runge-Kutta 
method. The proposed model satisfactorily agreed with the present experimental data of time varying scour 
depth at the downstream pier in a tandem arrangement.  

The efficiency of a splitter plate as a countermeasure in terms of reduction of the equilibrium scour 
depth at a circular pier in a uniform sediment bed under the clear-water condition was investigated. In this 
regard, experiments were conducted with a splitter plate attached to a pier at the upstream vertical plane of 
symmetry. In this study, two uniform sediment beds of median sediments (d

50
) 0.96 and 1.8 mm were 

considered. Different combinations of lengths and thicknesses of splitter plates were tested. The experimental 
results demonstrated that the scour depth consistently decreases with an increase in the splitter plate length, 
while the scour depth remains independent of the splitter plate thickness. The best combination of splitter 
plate dimensions was found to be b/5 and 2b for splitter plate thickness and length respectively, which results 
in the minimum scour depth at a pier. In addition, the temporal evolution of scour depth at a pier with and 
without a splitter plate was investigated. Finally, an empirical formula to estimate the equilibrium scour depth 
at a pier with splitter plate was obtained using the multiple linear regression analysis of the experimental data.  

The flow fields at a circular pier with and without a splitter plate, including plain bed and equilibrium 
scour hole conditions were measured by using an Acoustic Doppler Velocimeter (ADV). The turbulent flow 
fields of the above mentioned configurations were investigated by plotting the velocity vectors and the 
turbulent kinetic energy contours on vertical and horizontal planes. The splitter plate attached to a pier 
deflected the approach flow and thus weakened the strengths of the downflow and the horseshoe vortex, 
therefore instrumental in reducing the equilibrium scour depth at the pier. The proposed method of pier scour 
countermeasure was found to be easy to install and cost effective as well.  

Keywords: Scour, erosion, pier interference, bridge piers, sediment transport, analytical model, time 
variation, scour countermeasure, pier protection, splitter plate. 
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The material parameter identification problem, an inverse problem, typically aims to determine 
unknown functions (parameters) from an imperfectly known system response. Numerical solutions of such 
problems have great practical significance in diverse engineering applications, namely seismic imaging, 
biomechanical imaging, material characterization, structural health monitoring, seismic exploration. The 
most common route to solve these inverse problems is to minimize the error between calculated and measured 
response in a least square sense. Typically, quasi-Newton methods are preferred due to its less computational 
cost in case of large-scale identification problem, although, the convergence rate of Gauss-Newton method 
is faster compared to quasi-Newton method. However, the main problems associated with least square 
minimization of the error functional are its non-convexity and proximity to initial guess. In recent years, 
another technique for elastic parameter estimation was proposed based on the concept of error in the 
constitutive equation (ECE). In contrast to the standard least square based functional, ECE cost functional 
measures the error in constitutive equation due to two incompatible stress/moment and strain/curvature fields 
in an energy norm. Error in constitutive relation arises when stresses and strains are incompatible to each 
other and generated following two dissimilar constraints. In this thesis, we have explored and proposed few 
improvements of the ECE based parameter identification approach for general linear anisotropic and 
nonlinear elastic material. In particular, we have proposed a trace norm minimization of the constitutive 
discrepancy functional within the standard ECE procedure that results in explicit linear material update 
formulae for general anisotropic linear elastic material. A simple penalization technique is used to incorporate 
measured response, which introduces regularization to the inverse problem via penalization parameter (more 
strictly inverse of regularization parameter). An effort is also made to identify restrictions on measured 
response for reconstruction of some common anisotropic materials based on proposed update procedure. A 
fair comparison with the standard least square based method reveals the computational advantage of the ECE 
based procedure. Homogeneous or heterogeneous identification of 2D orthotropic and 3D isotropic or 
orthotropic thermo-mechanical material parameters are also successfully solved within the proposed ECE 
framework. In case of parameter estimation from frequency domain elasto-dynamic response we propose an 
uncouple form of the standard ECE procedure that does not require to solve an extended couple system. Then 
an experimental verification is also achieved by detecting local damage of a cantilever aluminum plate. The 
proposed ECE based identification technique is also applied in detecting inclusions by heterogeneous 
reconstruction of material parameters for different nonlinear materials. Numerical and experimental results 
demonstrate that the proposed ECE based identification method can successfully reconstruct the spatial 
distribution of linear or nonlinear elastic material parameters from partial and noisy measurements. 

 
Keywords: Error in constitutive equation, MECE based updating approach, isotropic and orthotropic elastic 
parameter, thermo-mechanical coupling, inverse damage detection technique, hyperelastic material 
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In the last few years, a lot of research attention has been paid to flow and vegetation interactions 
around dense vegetation patches. However, no comprehensive experimental investigation has been carried 
out so far to study turbulence in and around sparse and emergent vegetation patch. This study is significant 
since popular crop jute plantations belong to emergent and sparse vegetation family. Turbulent 
hydrodynamics in sparse and emergent vegetation patch are important since they govern vorticity generation, 
mixing and transport of mass, momentum and kinetic energy and finally morphodynamic processes in and 
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around the patch without any blockage effect.In this direction, the present study experimentally investigates 
variation of turbulence characteristics in lateral and streamwise direction interior and around the sparse 
vegetation patch.  

The main objectives of the present work are as follows: (1) to study turbulence characteristics such 
as three dimensional flow velocities, three dimensional turbulence intensities, Reynolds stresses, and 
turbulent kinetic energy along the streamwise and lateral directions through the vegetation patch which is 
located in the middle region of the cross-sectional area of the open channel; (2) to investigate the anisotropy, 
bursting events, correlation coefficient, energy spectrum, streamlines and strength of the vortex system in 
and around the sparse vegetation patch; and (3) to study similarity and scaling of turbulence characteristics 
in the interior and the wake region of the vegetation patch.  

An emergent and rigid sparse vegetation patchmade by seventy uniform rigid acrylic cylindrical 
rods withregular spacing between stems along the flow and transverse directions was fixed in thecentral 
region of the cross-section of a wide open channel flume. Experiments were conducted in subcriticalflow 
conditions. Instantaneous velocity measurements were obtained with the acoustic DopplerVelocimetry 
system. The raw velocity data was post processed using the established filtering techniques. In this study 
three sets of flow conditions were investigated, namely Re1Ar1, Re1Ar2 and Re2Ar2. This implies that there 
were two aspect ratio with same Reynolds number and two Reynolds numbers with same aspect ratio.  

In this study, large variations of the turbulence intensities, Reynolds shear stress, turbulent kinetic 
energy and vortical motions are found in and around the vegetation patch. At any cross-section through the 
interior of the vegetation patch, streamwise velocity decreases with increase in streamwise length and the 
velocity profiles converge from the log-law to a linear profile with increasing slope. The average velocity is 
the appropriate scaling parameter for normalizing the streamwise velocity profiles along the centerline of the 
sparse vegetation patch.Time-averaged lateral and vertical velocities inside the vegetation patch increase with 
increasing streamwise distance. The turbulence intensities interior of the sparse vegetation patch are more 
than those of without the vegetation patch. Similar to the trend of streamwise velocity profiles inside the 
vegetation, turbulence intensities and longitudinal-normal Reynolds shear stress profile decreases with 
streamwise direction. In the interior of the vegetation patch, shear velocities are proportional to aspect ratio 
for a given Reynolds number. Further, shear velocities are proportional to Reynolds number for a given aspect 
ratio.In the interior of the vegetation patch and downstream of the trailing edge, turbulent kinetic energy 
profiles are exhibiting irregular fluctuations and the maximum values are occurring in the outer layer. 
Analysis of flow distribution confirms sparse vegetation patch is inducing a serpentine flow pattern in its 
vicinity. In the interior of the vegetation patch, streamlines are following a zig-zag fashion at varied degree 
along the streamwise and lateral directions. The immediate upstream of the leading edge and in the interior 
of the vegetation patch, vortex motion is clearly visible and the vortices are stretched along the width of the 
channel with streamwise direction.Wall wake similarity is observed in the damping of velocity profiles 
immediate downstream of the vegetation patch.The bulk scaling of velocity profiles in the vegetation patch 
is found to be described by the power law.Finally, this study presents useful information about the turbulent 
hydrodynamics in emergent and sparsely vegetated open channel flow where the vegetation patch is located 
symmetrically in the middle of the channel.  

 
Keywords: Emergent and Sparse vegetation; Open channel flow; Turbulence; Anisotropy; Self-preservation; 
Quadrant Analysis 
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This study intends to assess land use/land cover (LU/LC) changes and its impact on watershed 

hydrology using Remote Sensing (RS)/Geographic Information System (GIS). In the context of watershed 
management, biomass vigour changes are assessed. Looking to the importance/relevance of water harvesting 
structures (WHS), water harvesting potential zones are also delineated.  

Initially, methodologies are proposed to improve the LU/LC classification accuracies using ancillary 
data followed by LU/LC change detection. The arid/semi-arid study areas of Part of Khan-Kali watershed 
and Anas River, Arjuni and Morva-Hadaf watersheds are selected from Gujarat, India. The corresponding 
ancillary data used for these study areas respectively are: (1) Normalized Difference Vegetation Index 
(NDVI), Normalized Difference Water Index (NDWI) and agricultural masks (2) forest, water body and 
drainage layer masks (3) Tasseled Cap Transformation (TCT) components, slope and aspect layers. A 
significant improvement of classification accuracy is noticed in all the study areas.  

After this, the impact of LU/LC changes on water balance components of Arjuni watershed is 
assessed using Soil and Water Assessment Tool (SWAT) model, which resulted in a good model performance 
in simulating monthly streamflow. Localized deforestation of scrub forest/Prosopis areas for agriculture has 
increased the surface runoff over 2001-2011. This can be augmented through proposed water harvesting 
structures in upper Arjuni watershed.  

Subsequently, the raltionship between watershed management and biomass vigour changes is 
assessed using NDVI. In part of Khan-Kali and Anas River, a positive relationship between percent of 
increase in high NDVI and percent of treated area has explained the impact of water harvesting on biomass 
vigour change. Whereas, in Arjuni and Morva-Hadaf watersheds, a negative relationship between percent of 
increase in NDVI and percent of treated area showed an adverse impact of human induced measures/climate 
parameters on biomass vigour change.  

Finally, water harvesting potential zones are delineated using GIS- Multi-Criteria Analysis (MCA) 
approach for Khan-Kali watershed. This proposed methodology has successfully integrated Moderate-
resolution Imaging Spectrometer (MODIS) derived seasonal NDVI and GIS derived thematic layers for 
identifying suitable sites of WHS.  

This study proposes a qualitative framework to improve the accuracy of LU/LC maps, certain vital 
recommendations for watershed management, suitable sites for construction of WHS and a methodology for 
delineating water harvesting potential zones.  

 
Keywords: LU/LC, NDWI, NDVI, RS, GIS, biomass, vigour change, SWAT, MODIS, MCA 
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With increase in traffic and extreme environmental changes, pavement engineers have focused on 
reducing the premature distresses and increasing the pavement design lives by modified the asphalt materials. 
Several investigations focused on reducing the viscosity-temperature susceptibility of the asphalt binder by 
modifying it with additives. One of such additives that have been successful is crumb rubber (CR). Though 
CR modified binder is used with different types of gradations; gap- and open-graded gradations have shown 
better performance than conventional dense-graded (DG) mixes.  
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The main objective of this research study was to develop laboratory mix design practices for asphalt-
rubber gap-graded (AR-Gap) mixtures suitable for heavy traffic conditions through the evaluation of their 
structural performance characteristics. The mix design practices were developed in lines with the globally 
accepted Superpave mixture design procedure usually used for conventional dense graded asphalt mixes. The 
research study used a total of 49 different asphalt binders (~8000 data points from ten test techniques), 28 
types of asphalt mixtures (27 AR-Gap and 1 DG mix) covering seven mixture performance tests producing 
over 10000 data points from 894 specimens to arrive at the objective.  

CR modified / AR binders were prepared in the laboratory using a blender-stirrer combination 
developed at the Indian Institute of Technology Kharagpur. The digestion time was statistically optimized 
and recommended to be 90 min for an asphalt-CR blend at 170-180 oC mixed at 2000 rpm. Conventional 
binder consistency and advanced rheological tests on AR binders with varying base binders and CR dosages 
showed an improvement in the binders‟ strength and elasticity with the inclusion of CR. AR binders also 
showed lower viscosity-temperature susceptibility than the virgin binders. The increment of binder properties 
was directly related to the stiffer base binder properties and higher CR dosage. A CR dosage of 20% was 
recommended and selected for further binder studies.  

AR binders modified with different CR gradations were prepared and analyzed to elucidate the effect 
of CR gradation on AR binder performance characteristics. Conventional consistency and advanced 
rheological test results were statistically analyzed to determine the significant effect of CR gradation. 
Artificial Neural Network (ANN) modeling and Ashby plots were utilized for better understanding and easy 
AR binder selection. Additionally, thermogravimetric analysis and Fourier Transform Infrared Spectroscopy 
tests on selected binders indicated that CR inclusions improved the binders’ thermal stability and augmented 
the sulfoxide bond in AR binders. Based on the studies, fine CR gradations were proposed for the 
development of superior AR binders and to blend AR-Gap mixtures.  

The gap gradations used globally were analyzed based on basic gradation checks as per The Asphalt 
Institute guidelines, and two gradations from seven types were chosen for further evaluation. The study also 
developed eight trial gradations and based on the gradation checks, one gradation amongst the eight 
gradations was chosen for advanced analyses and performance evaluation. Superpave mix design procedure 
was found to be more appropriate than Marshall mix design for producing AR-Gap mixtures since Superpave 
is based upon kneading compaction efforts that closely simulates prevalent field conditions and eliminates 
aggregate degradation usually found with Marshall mix design.  

AR-Gap mixture characterizations were carried out with the help of resilient modulus (Mr) and 
dynamic modulus (|E*|) tests. Statistical analysis on Mr, |E*|, and ϕ explained the significance of gap 
gradation, AR binder type, and binder content in the mixture characteristics. Further, |E*| and ϕ master curves 
helped interpret the effect of test temperatures and frequencies on viscoelastic properties of AR-Gap mixtures. 
The |E*| predictive model with very good statistical goodness of fit measures (R2adj = 0.88; Se/Sy = 0.34) 
assisted in understanding the correlations between |E*| and the various AR-Gap mixture parameters.  

Performance of AR-Gap mixtures towards three major distresses: permanent deformation, cracking 
(thermal and fatigue), and moisture damage were assessed. Wheel tracking test was employed for 
investigating the rutting resistance. Static and dynamic semi-circular bending (SCB) tests were utilized for 
assessing the cracking resistance of AR-Gap mixtures. Further, indirect tensile strength (ITS) and tensile 
strength ratio (TSR) results were used to study the moisture susceptibility of the AR-Gap mixtures. Based on 
the performance tests, it was adjudged that AR-Gap mixtures performed exceedingly well against the various 
distresses making them suitable pavement construction materials.  

Euclidean distance approach was utilized for ranking the AR-Gap mixtures. Based on the 
normalized Euclidean distance (NED) approach, the AR-Gap mixture design parameters for superior 
performing AR-Gap mixtures were determined. The best AR-Gap mixtures as determined from NED were 
demonstrated in the field by constructing AR-Gap pilot test sections. A set of recommendations was 
developed based on the laboratory studies carried out as part of this research to develop superior performing 
AR-Gap mixtures.  

Overall, this research provided a good background on AR binders, its basic characteristics, and 
advanced performance behavior for the development of binder material for reducing various pavement 
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distresses. Further, this research also focused on developing superior AR-Gap mixtures based on the 
investigations with various gap aggregate gradations and their performance characteristics with different AR 
binders at various pavement conditions. It is envisioned that this research study will set a strong venue to 
advancing the current state-of-the-art pertaining to AR-Gap mixtures.  

 
Keywords: Asphalt-rubber, Gap gradation, AR-Gap mixtures, Superpave mix design, Rutting, Fatigue 
cracking, Thermal cracking, Moisture damage, Euclidean distance, Best performing AR-Gap mixture 
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Rutting in bituminous layers is a major mode of distress, especially in pavements with thick 

bituminous layers. Identification of appropriate binder and mix rutting parameters, validation of the rutting 
models/specifications using field rutting performance data continue to get great attention as mix rutting 
continues to be a major pavement distress in many countries. The present investigation has been taken up to 
evaluate the rutting potential of mixes prepared with different binder types, aggregate gradation, and design 
air void content criteria, and also to develop to develop binder and mix rutting specifications by correlating 
different binder and mix parameters with field rutting data.  

To assess the influence of binder quality, mixes were prepared with nine binder types and a single 
aggregate gradation. The rutting potential of different binder types was investigated by performing oscillation 
and creep and recovery testing on binders. The effect of aggregate gradation was studied by performing rut 
tests on mixes prepared with nine aggregate gradations and one binder type. To evaluate the effect of selection 
of design air void content on the rutting potential of mixes, three aggregate gradations were designed at three 
air void levels (3%, 4% and 5%). The rutting performance of different mixes was evaluated by dry wheel 
tracking test (for all combinations) and dynamic creep tests (for mixes prepared with different binder types) 
at a temperature of 60 °C. The potential of time lag obtained from resilient modulus test performed at high 
temperatures in explaining the rutting susceptibility of mixes was also explored. In order to develop binder 
and mix rutting specifications, field and laboratory rutting performance of fifteen field mixes prepared using 
different binders, aggregate gradations, and compaction methods was studied.  

Binder rutting parameters evaluated at lower frequency of testing were found to be better in 
distinguishing the rutting potential of mixes. When compared to oscillation test parameters, the non-
recoverable creep compliance evaluated in creep and recovery testing of binder was found to predict mix 
rutting better. Strong correlations were observed between time lag measured from resilient modulus test and 
rut depth measured in a wheel tracking test, indicating that time lag is a potential mix rutting parameter. 
Limiting wheel tracking rut depths have been identified in the study on the basis of the field rutting 
performance of different mixes and its comparison with laboratory rutting performance. Criteria have been 
proposed for two limiting rut depths of 10 mm and 20 mm for different traffic levels.  

 
Keywords: Bituminous mixes, rutting, binder rutting parameters, mix rutting performance, wheel tracking 
test, binder and mix rutting specifications 
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In recent years, online social networks have become important platforms for a wide variety of 

applications like information propagation, opinion exchange, connecting to friends etc. Such dynamical 
processes are driven by influence between the corresponding users. Influence, however, is not an observable 
quantity and strongly depends on the context and the relationship between the users. In this thesis, we focus 
on influence modeling and estimation on two different problems: (i) link prediction and (ii) opinion dynamics 
in social networks. 

Link prediction: A link prediction (LP) algorithm is given a graph, and has to rank, for each node, 
other nodes that are candidates for new linkage. Traditionally, LP techniques often focus on global properties 
(graph conductance, hitting or commute times, Katz score) or local properties (Adamic-Adar and many 
variations, or node feature vectors), but rarely combine these signals. Furthermore, neither of these extremes 
exploit link densities at the intermediate level of communities. In this thesis, we describe a discriminative LP 
algorithm that exploits two new signals. First, a co-clustering algorithm provides community level link 
density estimates, which are used to qualify observed links with a surprise value. Second, links in the 
immediate neighborhood of the link to be predicted are not interpreted at face value, but through a local 
model of node feature similarities. These signals are combined into a discriminative link predictor. We 
evaluate the new predictor using five diverse data sets that are standard in the literature and report on 
significant accuracy boosts compared to standard LP methods. 

Opinion dynamics: Social media and social networking sites have become a global pinboard for 
exposition and discussion of news, topics, and ideas, where social media users often form their opinion about 
a particular topic by learning about it from her peers. Therefore, the influence that one user exercises on other 

plays a key role in opinion evolution of the latter. In this thesis, we offer two models for opinion 
dynamics. The first one which is a discrete time model aims to capture the informational influence between 
users, which controls the dynamics of opinion across users. Our second opinion model is a continuous time 
probabilistic dynamical suit which also captures the temporal influence that regulates the rate of conversation 
in social network. Finally as an application, in this thesis, we propose a novel formulation of opinion shaping, 
where a set of influential users are incentivized in order to curate the opinions of the other users in a desired 
way. Results on both synthetic and real datasets show that our opinion models outperform the existing 
baselines in predicting opinions in future. Furthermore, our shaping framework can accurately determine the 
quality of a set of control users as well as shape the opinion dynamics more effectively than several baselines. 

 
Keywords: Social network, influence learning, link prediction, opinion dynamics. 
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Opportunistic Mobile Networks (OMNs) are characterized by intermittent connectivity among 
nodes, and typically lack in end-to-end communication paths. Given such fundamentally different nature as 
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compared to the traditional networks, it is a non-trivial task to enable communication in OMNs. 
Consequently, content dissemination becomes far more challenging. 

In the simplest scenario, a user may wish to send a particular content to another user. To achieve 
this, we propose the simulated annealing-based routing (SeeR) scheme for OMNs, which aims to minimize 
the message delivery latency. Moreover, SeeR neutralizes the threat of social contact profiling by not 
requiring the nodes to store any routing metadata that can help identify the other nodes. 

Second, we propose the content searching as regret minimization (CHARM) scheme in order to 
enable users to search contents (identified by names) available in the OMN. In CHARM, a content request is 
replicated to another node if it (node) reduces the regret associated with the concerned choice. CHARM also 
dynamically scales down the lifetime of messages in order to reduce overhead. 

Third, the performance of content searching can be largely hijacked by the fake content providers 
(FCPs), who serve incoming content requests with fake files. We investigate this aspect by considering three 
unique threat scenarios depending upon whether the behavior of the FCPs remains constant or adapts with 
time. To mitigate the adverse effects of fake content dissemination, we propose a static and a dynamic 
blacklisting scheme, wherein communication with the identified FCPs is restricted. 

Next, we investigate the aspects of Opportunistic Service Provisioning (OSP), where nodes request 
a set of services to be applied upon a given data object often in an ordered sequence. Leveraging the 
knowledge of unicasting in OMNs, we propose and evaluate the efficiency of four schemes for dissemination 
of service requests generated by the nodes toward their appropriate destinations. 

Finally, we address the problem of content sharing within a given geographic locality. To this end, 
we propose the locality-bounded content and information dissemination (LUCID) scheme that does not 
require sharing the location coordinates, and investigate the related tradeoff. 

The results of performance evaluation based on real-life traces and synthetic mobility models 
underscore the ability of SeeR, CHARM, and LUCID to disseminate contents without compromising users’ 
privacy in terms of identity and location. On the other hand, OSP performs best in the more providers-low 
chaining region. Finally, dynamic blacklisting can significantly blunt the adverse effects of adaptive FCPs. 

 
Keywords: Opportunistic Mobile Networks, Content dissemination, Simulated annealing, routing, Named 
Data Networking, Content search, Regret, Fake content, Opportunistic service provisioning, Chaining, 
Privacy. 
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Speech is a natural mode of communication among human beings. Humans use emotions 
extensively for conveying the intended message. Therefore, it is expected that the speech-interface should be 
capable to understand and generate desired expressions/emotions according to the underlying semantics of 
the message. Most of the existing speech systems can understand and synthesize only neutral style speech. 
Incorporation of appropriate emotion is missing in the synthetic speech. Therefore, there is a need to 
incorporate appropriate emotions into neutral speech. In this thesis, we have considered three basic emotions 
anger, happy and sadness for the task of emotion transformation. Speech is produced as a sequence of changes 
in the acoustic signal, and the time instants correspond to these changes are known as events. In speech, the 
crucial information is present mostly around the significant events such as glottal closure instants (epochs), 
vowel onset and offset points and vowel transition regions. Therefore, it is useful to detect these events to 
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extract emotion-specific information around the events, for incorporating into neutral speech. In emotional 
environment, the performance of existing systems degrades significantly. Therefore, we have developed 
robust speech systems under emotional environment by transforming the features of emotional speech into 
its equivalent neutral speech. 

The major contributions of the thesis are: 
• A method based on zero time windowing is proposed for epoch detection from emotional 

speech. 
• Methods are proposed for the detection of vowel onset and offset points from neutral and 

emotional speech. 
• A method for detecting vowel transition regions has been proposed based on epoch locations 

and rate of change of first formant. 
• A non-uniform emotion-specific prosody incorporation method is proposed using significant 

events of speech. 
• Gaussian Mixture Models (GMMs) and Feedforward Neural Networks (FFNNs) based 

mapping functions have been developed for transforming prosodic and spectral features from neutral to 
desired emotions. 

• Emotional speech synthesis systems have been developed by incorporating the emotion-
specific knowledge derived from manual rule-base and automatic mapping functions. 

• Emotion transformation framework has been explored for developing the robust Speaker 
Identification (SI) and Consonant-Vowel (CV) recognition systems in the emotional environments. 

Some important conclusions drawn out of this thesis work are: The performance of the proposed 
methods for detecting epochs, vowel onset and offset points is found to be better compared to existing 
methods under emotional environments. Analysis of emotional speech reveals that emotion is expressed non-
uniformly within and across the sentences. The performance of the proposed non-uniform incorporation of 
emotion into neutral speech is superior compared to existing methods. The performance of the proposed CV 
recognition and speaker identification systems using emotion transformation technique has shown significant 
improvement compared to other approaches in the emotional environments. 

 
Keywords: Emotional speech, emotion transformation, vowel onset point, vowel offset point, epoch, 
transition region, duration, pitch, intensity, feedforward neural network, Gaussian mixture model, feature 
mapping, emotional environment, speaker identification, consonant-vowel recognition. 
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In this thesis, we focus on extracting and summarizing information from Twitter during disaster and 
explore specific traits of situational and non-situational tweets to develop methods which is able to extract 
relevant information and assist government, rescue agencies in their work. 

Prior researches on Twitter have shown that microblogging sites like Twitter have become important 
sources of real-time information during disaster events. A significant amount of valuable situational 
information (information provide updates about current situation) is available in these sites; however, this 
information is immersed among hundreds of thousands of tweets, mostly containing sentiments and opinion 
of the masses, that are posted during such events. To effectively utilize microblogging sites during disaster 
events, it is necessary to (i) extract the situational information from among the large amounts of sentiment 
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and opinion, and (ii) summarize the situational information in real-time, to help decision-making processes 
when time is critical. In this thesis, we propose a low level lexical feature based situational tweet classifier 
which classifies situational tweets from non-situational ones. After separating situational tweets, we observe 
that some specific words like nouns, numerals, locations, verbs provide key information about the present 
situation. We call these words content words and propose an integer linear programming based 
summarization framework which tries to maximize the coverage of content words. Side by side, certain 
numerical information, such as the number of casualties, vary rapidly with time. We also devise a scheme 
where we utilize the direct objects of disaster-specific verbs (e.g., ‘kill’ or ‘injure’) to continuously update 
important, time-varying actionable items such as the number of casualties. We observe that apart from 
English, people also post situational updates in their local languages (predominantly Hindi in India). In this 
thesis, we also extend our classification-summarization framework to Hindi tweets. 

These large volume of situational tweet streams are scattered across various humanitarian categories 
like ‘infrastructure damage’, ‘missing or found people’ etc. We also observe that each of these humanitarian 
categories contain information about various small scale sub-events like ‘airport shut’, ‘building collapse’ 
etc. We develop a noun-verb pair based method to detect sub-events which are more explainable compared 
to random collection of words. It is observed that different stakeholders are looking for different kinds of 
summaries like overall high level summary, humanitarian category based summary etc during disaster. To 
satisfy their needs, we develop an ILP-based generic summarization technique which combines information 
about sub-events, content words, and humanitarian categories to generate summaries from various 
perspectives. 

Further, we observe that lots of situational tweets posted during disaster contain similar information 
with slight variations. Combining information from multiple related tweets help to cover more situational 
information in a summary within a given word limit. In this thesis, we develop an abstractive summarization 
method which creates word graph from tweets, generates path from the word graph, and combines path 
importance and content words into an ILP framework to produce final summary. It is observed that taking 
advantage of panic situation, some people post offensive content targeting specific religious communities 
during disaster. Such communal posts deteriorate law and order situation. In this thesis, we have developed 
method to detect such communal tweets and characterize their users. Non-situational tweets are mostly used 
for expressing opinion and sentiment of masses. We observe that users mostly prefer vernacular languages 
such as Hindi over English to post communal tweets, negative sentiments, and slangs. 
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Spatio-temporal data mining, defined as identification of interesting, useful and non-trivial patterns 
from large spatio-temporal databases, has huge application in various domains, including environmental 
management, transportation, epidemiology, climatology and so on. Several models, taking care of the 
underlying physics in such domain specific problems, have been proposed till date. However, the two major 
limitations in such physics-driven models are firstly, these assume that all the physical systems are well 
understood, which is not true in reality; secondly, these models are computationally inefficient, requiring lots 
of computational power. Therefore, recently, the data-driven approaches have emerged as a new paradigm in 
this regard, with an aim to extensively and efficiently analyze historical data for generating insights, and 
utilize those in further studies. 
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The focus of our research is to explore data-driven modeling for spatio-temporal (ST) prediction of 
time series data. In this regard, we have proposed two separate prediction frameworks to deal with: i) spatial 
time series data, abundant in time, and ii) spatial time series data, abundant in space, respectively. The 
objective is to extend various computational intelligence (CI) techniques to plug into these frameworks for 
better modeling of the spatio-temporal dependency, and thereby deriving various data-driven models to deal 
with different contexts of ST prediction. Our aim is to make use of wealth of observed as well as simulated 
data, and thereby to enhance data-driven modeling as a complement for the physics-driven approaches. The 
major contributions in this thesis are as follows: (1) proposing data-driven model, based on Bayesian network 
with residual correction (BNRC), for ST prediction under scarcity of influencing variables; (2) proposing 
data-driven model, based on spatial Bayesian network (SpaBN), for ST prediction under profusion of 
inuencing variables; (3) proposing spatially explicit data-driven model, based on a semantic Bayesian 
network (semBnet), for ST prediction with incorporated domain knowledge; (4) proposing Deep-STEP as a 
data-driven model for ST prediction of large-scale raster time series data; and (5) proposing NFBN as a new 
variant of fuzzy Bayesian network to reduce parameter uncertainty in discrete Bayesian network learning. 
Comparative study with the benchmark and state-of-the-art prediction techniques has demonstrated the 
efficacy and superiority of our proposed data-driven models in ST prediction. The overall study has been 
made considering the spatial time series data from the domains of climatology/meteorology, hydrology, and 
remote sensing. However, the proposed approaches are generic enough to be applied for predicting spatial 
time series from other domains as well. In future, we like to explore data-driven modeling for spatio-temporal 
change pattern mining and large-scale data analysis. We have also a plan to combine both the physical and 
the data-driven approaches, for developing theory-guided data-driven models for ST prediction. 

 
Keywords: Spatio-temporal prediction, Data-driven approach, Spatial time series, Computational 
Intelligence, Bayesian network, Fuzzy set, Deep learning 
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Document Analysis and Recognition (DAR) targets at automatic extraction of information from 

documents. Official document image retrieval is a crucial step towards office automation. This work 
considers the processing of office documents for analysis and retrieval. In recent times, vast volumes of 
documents are being scanned in offices. There is a general need for classification and retrieval of such large-
scale digitized documents. In such a scenario, the notion of Document Image Retrieval (DIR) is very helpful 
in providing instant access to such documents. The standard approach for DIR is based only on text. The 
combined approach for DIR using both visual and textual contents is promising from user's perspective. 
Segregation of text and non-text contents from document image is of importance for document recognition 
and retrieval. Official documents can be characterized using textual contents such as dates, keywords as well 
as using non-textual elements such as logo, stamp, and signature. These non-textual visual patterns uniquely 
represent legitimacy, identity, and authenticity of documents to a reader. This dissertation addresses issues 
of text and non-text separation, detection of logo, stamp, signature, and official document image retrieval. 

In recent years, most of the official documents are available in color form. This work presents a new 
color document image dataset called Scanned Pseudo-Official Data-Set (SPODS) for detection and retrieval 
of logo, stamp, and signature. Making the real world office documents available in public domain is difficult 
due to issues in maintaining confidentiality. However, in the absence of benchmark datasets, it is difficult to 
evaluate the algorithms developed for the same purpose. Hence, efforts have been made to mimic such 
documents considering different categories of official records and to build a dataset. The dataset consists of 
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1088 color document images as representative of regular official communication. It is supplemented by 
detailed ground truth and metadata for evaluating performance of detection, and retrieval. This is the only 
document image dataset available in public domain, which provides the ground truth for signature as a set of 
pixels depicting strokes in the signature. 

The data set is augmented by a Scanned Document Degradation Tool (SDDT), which is to support 
degradation of color documents. It helps to simulate some of the document degradation effects such as 
document skew, blurring, random noise, spot noise, margin noise, and a combination of these degradation 
processes. The tool is useful for evaluation of document analysis and recognition techniques under degraded 
conditions. In this work, the performances of text/non-text separation, logo, stamp and signature detection, 
and document image retrieval are studied using the SPODS dataset and its degraded versions prepared using 
the SDDT tool. The proposed dataset and tool used for experiments have been made publicly available_. 

In this work, novel algorithms for detecting graphics such as logos and stamps in a scanned 
document image are discussed. A Spectral Filtering based Text-Graphics Separation algorithm (SFTGS) is 
presented here. The property of text that it is the major source of high spatial frequency components in a 
document image, is exploited in this algorithm to separate text and graphics. The SFTGS algorithm is also 
extended to support detection of signatures. Next, a Spectral Filtering based Deep Learning algorithm (SFDL) 
for detecting logos and stamps in a scanned document image is presented. In this approach, similar to the 
SFTGS algorithm, a high frequency filtering is used to suppress text symbols and localizing the candidate 
regions of interests such as logos and stamps. Finally, these regions are classified using deep convolutional 
neural network (CNN). 

As an initial step of document image retrieval, the thesis presents a novel scheme to separate the text 
and non-text elements of scanned official documents using new part-based features. It considers the fact that 
intensity distributions of text and non-text elements in HSV color space are of distinctive nature. A new 
approach to compute part-based features in S and V channels is proposed. The classification of text and non-
text components is performed using majority voting scheme and K-approximate nearest neighbors. 
Subsequently, the method is extended for detection of logo, stamp, and signature. Experimental results show 
the effectiveness of the proposed approach. 

Finally, an Official Document Retrieval System (ODIRS) is presented. The primary task of the 
ODIRS system is to assist a user in finding the most relevant document images from the database. The system 
uses text/non-text separation as an initial processing block to simplify document indexing operation. The 
system targets retrieval of documents using a simple representation in feature space for all types of non-
textual queries. It also identifies textual patterns representing dates, keywords for text-based retrieval and 
supports the formation of combined queries to express complex retrieval requirements. The overall retrieval 
performance on the SPODS dataset for non-textual attributes in terms of mean average precision (MAP) and 
mean R-precision (MRP) are 85.6%, and 87.9%, respectively, whereas for degraded SPODS dataset, the 
overall retrieval performance in terms of MAP and MRP are 77.1%, and 82.2%, respectively. In the case of 
text based retrieval, the recall for date based document retrieval on SPODS dataset is 97.17%, whereas the 
recall for keyword based document retrieval is 99.45%. For degraded SPODS dataset, the recall for date 
based retrieval is 80.34%, whereas the recall for keyword based retrieval is 86.77%. 

 
Keywords: Dataset; Document degradation; Text/Non-text separation; Part-based features; Spectral 
filtering; Official document image retrieval 
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A wireless sensor network (WSN) comprises of a large number of sensor nodes, which are 
responsible for sensing certain environmental phenomena such as temperature, humidity, pressure, and 
movement of objects. Applications of WSNs span across multitude of domains, viz., environment monitoring, 
battlefield surveillance, health monitoring, and target tracking. Jamming remains one of the principal factors 
which causes disruption within a WSN. The fundamental operating principle of a jammer is to transmit high 
power radio signals with frequency same as the nodes in the network and break the ongoing communication 
by decreasing the signal-to-noise ratio (SNR). A proactive jammer constantly emits noisy signals and 
prevents diverse of communications within its range in a particular frequency band. On the other hand, a 
reactive jammer senses the medium first and jams it only when there is ongoing communication. The effects 
of jamming on the network is often highly detrimental and demands efficient techniques to counter the same. 

In this Thesis, we propose Quality-of-Service (QoS) aware techniques to avoid the effects of 
jamming on a WSN. The existing techniques to diminish the effects of a jammer are often inapplicable in the 
context of WSNs, as the nodes in a WSN are highly energy-constrained. We first propose a topology control 
scheme in the presence of jammers for WSNs (TC-JAM), in which the sink node identifies the jammed nodes 
based on the neighbor node information received from the nodes and inform the same to the un-jammed 
nodes. Under such a scenario, the un-jammed nodes vary their transmission power and the jammed nodes set 
their power to the minimum level, so that energy consumption for the jammed nodes is minimized and the 
overall SNR of the network is improved. Next, we propose link quality-aware path selection in the presence 
of jamming (LAPSE). The jammed nodes are excluded and a path is set using the un-jammed nodes. A path, 
which has the best link quality from the set of nominated paths, is selected using the optimal decision rule. 
This improves the packet delivery ratio and network lifetime. In the next work, we assume that the jammer 
is intelligent enough to jam multiple frequencies. Also, nodes in the network are capable of switching 
frequencies based on the jammer's intervention. The nodes' decisions of switching the frequency to avoid the 
effects of a jammer are based on the optimal decision rule to maximize the throughput of the network. In our 
final work, the jammed region is identified by the centralized node. The jammed nodes are instructed to move 
to un-jammed region with optimum angle and velocity, so that the packet delivery ratio is improved and the 
network energy consumption is reduced. Performance results show that the proposed scheme reduces the 
energy consumption of the overall network by up to 32.7%, and the network overload reduces by 44.13-
50.12%, which, in turn, increases the lifetime of WSNs. 

 
Keywords: Jamming Avoidance, Wireless Sensor Network, Frequency Hopping, Optimal Decision Rule, 
Transmission Power Level, Mobile Wireless Sensor Networks. 
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Real-world systems are mostly dynamic in nature and hence can be accurately represented as time-
varying networks. Understanding different characteristics of these time-varying networks is of prime 
importance as it is essential in accurately discerning the true behavior of the underlying real-world systems. 
In this thesis we look into different aspects of time-varying networks: (i) predicting properties of temporal 
network at future time steps, (ii) designing sampling algorithms for streaming graphs such that the underlying 
community structure in the original graph is preserved, (iii) designing information diffusion model and 
provide theoretical framework that captures the uneven susceptibility of agents in a system and (iv) leveraging 
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network based and other data mining techniques to improve the scientific peer-review system. While the first 
two objectives are related to the structural aspect of temporal networks, the third one pertains to its function 
and the last one demonstrates a real-world application. 

Structure: We propose a generic framework, whereby, we map temporal network to time series and 
leverage time series forecasting tools to predict the properties at a future time step. In fact, we are able to 
further refine our predictions through spectrogram analysis. 

Many real-world networks can be represented as a stream of edges arriving sequentially over time 
and the sheer volumes of edges as well as the dynamic nature makes it impossible to retain all the edges. 
Hence, one resorts to sampling a set of edges with the aim of preserving the properties of the original graph 
in the sample. Here we formulate a sampling algorithm ComPAS which is able to retain the underlying 
community structure of the original graph in the sample. 

Function: We next propose an information diffusion model inspired by the fact that every agent 
within a population is not equally susceptible to a disease or equally amenable to a rumor - the ones which 
have been exposed more number of times (in the recent past) are more amenable. In fact, we observe that 
such a diffusion process progresses in two distinct phases - (i) a slow initial phase followed by a (ii) residual 
phase where the rate of diffusion increases manifold. 

Application: Finally, as an application of time-varying network analysis we consider the scientific 
peer-review system which presents an unique case of temporal system as the interactions between its entities 
could be modeled as time-varying networks. More specifically, we leverage temporal network analysis and 
other data mining techniques to improve the scientific peer-review system. 

 
Keywords: time-varying network, time series, sampling, community, information diffusion, scientific peer-
review system 
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A phylogenetic tree represents the evolutionary relationships among a group of taxa. For a particular 

set of taxa, biomolecular sequences (such as DNA, protein, etc.) of a particular type of gene are sampled from 
them, and are used to construct a phylogenetic tree (also referred to as the gene tree). For different genes 
sampled from a group of taxa, different gene trees thus can be generated. These gene trees often exhibit 
conflicting topologies due to independent evolutionary histories of respective genes, differences in gene 
sequences, variation in the phylogenetic tree construction methods employed, etc. In addition, biological 
processes like gene duplication, loss, incomplete lineage sorting, etc., contribute to such conflicts in the gene 
tree topologies. So, a species tree which depicts the true evolutionary relationships of the concerned taxa set, 
needs to be constructed from these conflicting gene tree topologies. Current thesis focuses on two different 
approaches for species tree construction. 

The first approach, termed as supertree construction, quests for resolving the topological conflicts 
among gene trees with the consensus topologies of individual subtrees. Such problem is shown to be NP hard, 
and various heuristics have been proposed in the existing studies. The most common and popular technique 
is based on the subtree decomposition. Here, input trees are first decomposed into fixed size subsets like 
triplets (set of three taxa) or quartets (set of four taxa), which are then synthesized to form a supertree. Time 
and space complexities of these methods are, however, at least of the order of the subtree size employed. The 
current thesis proposes two novel supertree construction methods which employ the evolutionary 
relationships among individual taxa pairs (couplets). These methods are shown to exhibit much lower time 
and space complexities, and higher performances, with respect to the existing methods. 
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The second approach considers modeling incomplete lineage sorting (ILS) as the reason of 
discordance between the gene trees. ILS occurs due to the rapid speciation and short branches in respective 
gene trees, resulting failure of two or more lineages in a population to coalesce. During ILS, consensus gene 
tree topologies do not agree with the true species tree topology. So, supertree methods are not applicable for 
resolving the ILS based topological conflicts. Existing studies employing statistical analysis (such as 
maximum likelihood, or Bayesian techniques) are computationally intensive, and are not applicable for a 
large number of taxa or gene trees. Summary based methods involving quartet topologies, or divide and 
conquer based statistical approaches, also incur huge computation. A few of the existing methods employ 
couplet based topological analysis for species tree inference. Such couplet based methods exhibit the lowest 
computational complexity. Current thesis proposes two novel approaches which extend these couplet based 
methods, for species tree inference. These new methods are shown to exhibit improved performances from 
the existing couplet based approaches. 

Overall, the thesis presents four methods for species tree construction. All of these techniques 
involve couplet based evolutionary analysis, either by following the consensus logic (supertrees), or by 
modeling ILS, to resolve the topological incongruence among gene trees to generate the final species tree. 
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An optimizing compiler applies a sequence of transformations on an input program to obtain a 
semantically equivalent output program that uses fewer resources; semantic equivalence is preserved between 
the source and the transformed programs at each step. Recent advancement of multi-core and multi-processor 
systems has enabled incorporation of concurrent applications in software systems for better performance and 
resource utilization. In general, writing a parallel program is harder than writing the corresponding sequential 
programs. Hence, parallelizing compilers are generally used for this purpose to generate appropriate code for 
given parallel architectures from sequential programs. Till date, fully automated parallelization steps used in 
a compiler do not guarantee correctness by construction. Moreover, they are not optimal. Hence, such 
transformations are often done in a semiautomated manner with programmer assistance underscoring the 
importance of verifying such steps. With the increasing relevance of the parallelization process in the 
prevalent high performance computing systems, the need to verify the parallelization step is felt even more 
keenly. One approach towards achieving this goal could be to formally verify a compiler so that each of its 
runs is guaranteed to yield an output (transformed) program which is equivalent to the input program. Proving 
correctness of a complex program like a compiler, however, is immensely difficult, if not impossible; hence, 
the approach of transformation validation is followed whereupon for every run of the compiler its input source 
program is proved to be equivalent to its output transformed program. 

The present work describes a transformation validation approach to establish equivalence of the 
source program and the generated parallelized program to validate parallelizing transformations. To achieve 
this goal it seeks to leverage as its back end a method of checking equivalence of sequential programs on 
arrays which is the most sophisticated one among those reported in the literature which are capable of 
handling non-uniform recurrences. However, if the recurrence expressions of the source and the transformed 
programs refer to more than one non-equivalent base case consequently partitioning the domains of the output 
arrays of the source and the transformed programs, then the equivalence checking mechanism fails to report 
non-equivalent portion of the output arrays precisely. In the present work, a mechanism is proposed to 
precisely indicate the equivalent and nonequivlent portions of the output arrays for the programs with linear 
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recurrences. Furthermore, to use this method, the present work devises a mechanism for constructing 
dependence graphs for loop parallelized programs (with or without wait -- signal statements) and vectorized 
programs. Finally, a method to indicate the most likely location of the fault in the source program is proposed 
which works if the source and transformed programs are identified to be inequivalent by the back end method. 
The method is also able to indicate the most likely sequence of enabling transformations which may have 
been applied (wrongly) to obtain the transformed program. 

 
Keywords: Verification, Dependence Graph, Conflict Access Graph, Equivalence Tree, Equivalence 
Checking. 
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Social media is ubiquitous. With its huge active user base, it has opened up new ways of acquiring 
information, creating and sharing ideas, connecting with each other. It has notably changed the way people 
interact and carry on with their day-to-day activities engaging in the social media platforms. With the 
evolution of the role of social media in people's lives, the social media entities – hashtags in Twitter, topics 
in Quora, tags in Stack Overflow etc. which started as a way for people to organize similar contents together, 
propagate ideas, promote specific people or topics has now grown into a “language’’ in its own right. 

Hashtags are the most prevalent and prominent social media entity with its presence across several 
social media platforms – Twitter, Facebook, Google+, Instagram, Pinterest etc. We consider two special kinds 
of hashtags – i) hashtag compound (two or more hashtags coalescing together to form a new one) ii) idiom 
(conversational themed hashtags) to study their linguistic formation, structure and put forward various socio-
linguistic reasons for the adoption (popularity) of these hashtags. 

Similar to hashtags, topics are also important entities in platforms like Quora. We study the 
dynamics of topic growth in Quora over time to understand how the Quora knowledge base is changing with 
the influx of new topics, growth or decay of older topics. We further study the popularity dynamics of topics 
– their migration across various popularity zone and then develop a framework to early predict the popularity 
(followership) of the topics. We also study the answerability of questions in Quora specifically investigating 
characteristics of open questions (questions with no answer) and answered question. We analyze various 
linguistic activities - the way users use their language and observe how such activities affect answerability of 
questions in Quora. 

Further, we perform in-platform study of popularity of books (determined by the votes received in 
Readers’ Choice Award) as well as a cross-platform study of Goodreads entities and attempt to establish the 
connection between such entities and the Amazon best sellers. We analyze the collective reading behavior 
on Goodreads platform and quantify various characteristic features of the Goodreads entities to identify 
differences between the Amazon best sellers and the other non-best selling books. 

This thesis attempts to understand the behavior of these varied linguistic entities as they grow 
popular across these platforms. This investigation allows us to uncover many common linguistic features that 
seem to propel the growth of popularity of these entities which can be thought of as the central principle laid 
out in this thesis. 

 
Keywords: popularity, hashtag compound, twitter idiom, topics, books, Goodreads, Quora 
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Indian Classical Dance l (ICD), an ancient heritage of India, consists of visual (posture, movements, 

and expressions), auditory (music, tempo, rhythm, and intonation) information that has aesthetic and 
symbolic value. Bharatanatyam is one of the eight Indian classical dance forms. Adavu's are the basic units 
of Bharatanatyam that are combined to create a dance performance. The dancer performs various gestures, 
postures and movements in synchronization with music. The objective of this research is to model, analyze 
and transcript the multimedia aspects of Bharatanatyam Adavu's.  

We build ontological as well as event based models of Bharatanatyam Adavu’s from the inherent 
structure of ICD and capture 1218 multimodal recordings of Adavu’s, performed by 10 trained dancers, using 
Kinect 1.0. The methodology of the work is based on the captured data and the model. Dance is closely bound 
to music in its structural discourse. Hence, we first analyze the accompanying audio (called Sollukattu) 
comprising beats and bol’s (utterances) and generate an automatic annotation of the audio with 87% accuracy. 
The audio annotation helps us to segment the video in a structured way. We also perform motion-guided 
segmentation of the video and synchronize the result of the audio and the video-based segmentation to get 
the Key Frames containing Key Postures (monetarily stationary well-defined postures). Gaussian Mixture 
Model (GMM), Support Vector Machine (SVM) and Convolutional Neural Network (CNN) classifiers are 
used on different features of Skeleton and RGB images for key posture recognition. We achieve recognition 
rates of 83.04%, 97.77% and 99.12% respectively using GMM, SVM and CNN. Next, we recognize Adavu 
as a sequence postures by using Hidden Markov Model (HMM) with 94.64% accuracy. Finally, we build a 
transcription system using the model and recognition system. It generates a parse-able XML for an Adavu 
using the well-known Labanotation notational system. We also create an annotated data set for 
Bharatanatyam and make it available for research: http://hci.cse.iitkgp.ac.in/.  

We demonstrate an end-to-end work from data capture, to modeling, analysis and dance 
transcription. This is the maiden attempt to develop a composite framework for analyzing multimodal 
recordings of dance performances that leads to fairly good recognition rate.  

 
Keywords: Multi-modal Analysis, Ontological Model, Kinect, Audio / Video Annotation, Beat Marking, 
Posture Recognition, Dance Sequence Recognition, Dance Transcription, Heritage Preservation, Indian 
Classical Dance. 
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Given  a family A of subsets of [n], n ∈ N, finding another family of optimal size satisfying  a certain 
relationship with sets in A constitute  a class of problems studied in extremal combminatorics.  This class 
includes the set cover problem, the problem of separating families and its variants [59, 38, 71], and the test 
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cover problem [50, 32, 21]. Another class of well studied problems is “Covering the {0, 1}n Hamming cube 
with the n minimum number of affine hyperplanes” - a point x ∈ {0, 1}n is said to be covered by a hyperplane 
H (a, b) if (a, x) = b (see [2, 43, 66, 65]). Viewing the elements of a family A as the points of the {0, 1}n  
Hamming cube and putting restrictions on the covering hyperplanes H (a, b), the covering hyperplanes 
correspond to a family B with interesting combinatorial connections with A. In this thesis, we study few such 
connections, their variants and the underlying minimization problems. 

Let A be a family of subsets of [n], where [n] = {1, . . . , n}. For any set A ⊆ [n], let Ā denote the 
complement set of Ā, i.e. A = [n] \ A.  Given  a D ⊆ {−n, −n + 1, . . . , 0, . . . , n}, we say a family B is D-
secting for A if for each subset A ∈ A, there exists a subset B ∈ B such that |A ∩ B| − |A ∩ B| = i, where i ∈ 
D. A D-secting family B of A, where D = {−1, is a bisecting family ensuring the existence of a subset B ∈ B 
such that |A ∩ B| ∈  , for each A ∈ A. Let βD (A) denote the minimum cardinality of a 
D-secting family for A. We define βD (n) as 

 
 
 
 
Let Y denote a ±1 bicoloring of elements of [n], i.e. Y : [n] → {+1, −1}. We abuse the notation to 

denote the subset of [n] colored with +1 (-1) with respect to bicoloring Y as Y (+1) (respectively,  Y (−1)). 
Note that to describe a bicoloring  of [n], it suffices to specify either Y (+1) or Y (−1). Allowing B = Y (+1), 
for any A ⊆ [n], |A ∩ B| − |A ∩ B| is equivalent to |A ∩ Y (+1)| − |A ∩ Y (−1)| (this is called as discrepancy  
of A with respect to bicoloring  Y ). Therefore, |A ∩ B| − |A ∩ B| can represent the difference of +1 colored 
points and -1 colored points in any A with respect to a bicoloring  Y , where Y (+1) = B. This connection to 

discrepancy also leads to the following reformulation  in terms of covering the {0, 1 n Hamming cube. 
For any subset A ⊆ [n], let (i) XA  = (x1, . . . , xn) ∈ {0, 1} be the incidence vector n such that xi  = 

1 if and only if i ∈ A; and, (ii)YA  = (y1, . . . , yn) ∈ {−1, 1} be the incidence vector such that yi  = 1 if and 
only if i ∈ A. Observe that for any two subsets A and B of [n], the dot product of XA   = (x1, . . . , xn) with 
YB = (y1, . . . , yn), denoted by (XA, YB ), is equivalent to |A ∩ B| − |A ∩ B|. Therefore, βD (n) may be 
alternatively defined as the minimum cardinality of a family H of structures H (a, D) such that 

1. a ∈ {−1, +1n for each H (a, D); 
2. each H (a, D) is a collection  of |D| hyperplanes H (a, i), i ∈ D; 
3. a point x ∈ {0, 1}nis said to be covered by some H (a, D) if (a, x) ∈ D; 
4. for each x ∈ {0, 1}n , there exists some H (a, D) ∈ H that covers x. |A| 
 
Varying the domain of a, D, and x leads to various kinds of combinatorial question (see Table 1). 

When a is restricted to the domain of {−1, 0, +1}n with exactly d nonzero coordinates (combinatorially,  this 
can be viewed as a partial bicoloring  of d out of n points), and D = {0}, the covering problem of the {0, 1 n 
Hamming  cube translates into a special  kind of D-secting family problem - “the Induced bisection problem”. 
When the {0, 1 n Hamming cube is replaced with the {−1, +1 nHamming cube, a ∈ {0, 1 n, and D = {0}, the 
covering problem reduces to an inverse-D-secting family problem - “ the System of unbiased representatives 
(SUR) problem”.  In the thesis, we study each of these notions in detail and establish bounds on cardinalities 
of such families. 

Let Ae be a family of subsets of [n] where each A ∈ Ae has an even cardinality.  Recall that when 
D is restricted to the set {0}, any D-secting family B for A becomes a bisecting family for Ae: for each subset 
A ∈ A, there exists a subset B ∈ B such that |A ∩ B| =| | . We have the following one family extension of the 
bisecting family 

 
x a D ⊆ {−n, . . .

}
combinatorial 

t{0, 

1}n
{−1, 1}n 

D D-section 
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{0, 

1}n
{−1, 0, 1} n  with d 
non zeros

{0} induced 
bisection 

{−1, 

} n
{0, 1} n 

{0} SUR 

 
Table 1: Various combinatorial notions corresponding to alterations in x, a and D. 
 
notion. A family F of subsets of [n] is called bisection closed if for each pair A, B ∈ F , either A 

bisects B or B bisects A.  We study extremal question regarding bisection closed families in detail and 
establish bounds on cardinalities of such families. We also study the problem of computation of bisecting 
families for products of families A for which β(A) is known. 

 
Keywords:  discrepancy, hypergraphs, separating family, bisecting families, Hamming cube, covering, 
hyperplane, hypergraph bicoloring, hitting set, test cover, unbiased representatives 

 
 

IMAGE BASED EYE GAZE TRACKING AND ITS APPLICATIONS 
 

Anjith George 
Supervisor: Prof. Aurobinda Routray 
Department of Electrical Engineering 

Accession No.: NB15864 
 

Eye movements play a vital role in the perception of the world. Eye gaze can give a direct indication 
regarding the user’s point of attention. Gaze estimation in a non-intrusive manner can make human-computer 
interaction more natural. The dynamics of eye movements can be used for several applications such as fatigue 
detection, biometric authentication, disease diagnosis, activity recognition, alertness level estimation, gaze 
contingent display and human-computer interaction. Even though eye tracking technology has been around 
for many decades, it has not found much use in consumer applications. The main reasons are the high cost of 
eye tracking hardware and lack of specific applications.  

In this work, we attempt to address these two issues. In the first part of this work, image-based 
algorithms are developed for gaze tracking. A new two-stage algorithm for iris center localization is 
developed. The iris center location along with the eye corners are used to develop a gaze tracking framework 
which can operate even with off the shelf webcams. We have further developed an algorithm for head-
mounted eye trackers. In order to make eye tracking ubiquitous, eye tracking algorithms should work in 
outdoor conditions as well. To this end, we have developed a new algorithm which works in challenging 
conditions such as motion blur, glint and varying illumination levels. A person independent gaze direction 
classification system is developed which avoids the cumbersome calibration stage. A convolutional neural 
network based classifier based approach is proposed for real-time gaze direction classification.  

In the second part of this work, we have developed two applications which can benefit from eye 
tracking data. A score fusion methodology is adopted with a new set of features extracted from fixations and 
saccades for biometric identification. The addition of eye movement features along with the conventional iris 
recognition systems could lead to a counterfeit-proof biometric modality with inbuilt liveliness detection 
capability. A framework for activity recognition from egocentric video using gaze data is also developed. 
This approach improves the classification accuracy in indoor conditions where conventional activity 
detection modalities fail. 

 
Keywords: Eye detection, Eye tracking, Gaze tracking, Eye movement bio-metrics, Egocentric activity 
recognition. 
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ANALYSIS, OPERATION AND CONTROL OF MICROGRID 
 

Avisha Tah 
Supervisor: Prof. Debapriya Das 

Department of Electrical Engineering 
Accession No.: NB15945 

 
The environmental pollution and the depletion of the fossil fuel caused more attention towards 

exploiting the renewable energy sources for electric power generation. To use the renewable energy sources 
efficiently, the concept of microgrid came. As the renewable sources are intermittent in nature, so at least one 
deterministic generation must be integrated to the isolated power generating system as a backup generation, 
which is called hybrid power generating system. In the present thesis, a control method is proposed to control 
the frequency of an isolated system following a disturbance coming either from the wind side or from the 
load side. The different modes of operation of the isolated power system is also discussed. The effect of direct 
and cross coupling between real power, reactive power and the system voltage, frequency on the performance 
of a wind-diesel system is investigated.  

The systematic approach to modeling a DC microgrid consisting of power and slack terminals is 
indicated. The stability analysis of the DC microgrid subjected to the different parameters of the system is 
carried out. An enhanced droop control method, for accurate load sharing and voltage improvement, without 
any communication between the interfacing converters, with the consideration of line resistance, is proposed. 
The interconnected operation of DC microgrid under different configurations is studied. The responses are 
presented to show the applicability and advantages of the proposed techniques.  

 
Keywords: Hybrid power system, superconducting magnetic energy storage, interconnected operation, 
stability, direct coupling, cross coupling, microgrid, radial and loop conection. 

 
 

EFFICIENT SPARSE ADAPTIVE FILTERING BY COMBINATION OF 
DIFFERENTLY PARAMETERIZED ALGORITHMS 

 
Bijit Kumar Das 

Supervisors: Prof. Mrityunjoy Chakraborty and Prof. Jer´onimo Arenas-Garc´ıa 
Department of Electrical Engineering 

Accession No.: NB15946 
 

Sparse system identification is one of the newly emerged areas of adaptive signal processing. The 
sparsity promoting norm regularized adaptive filters arguably form one of the most popular families of sparse 
adaptive filters for both standalone and distributed scenarios. However, they suffer from some major 
shortcomings of parameter selection issues for systems with variable sparsity and coefficients with arbitrary 
magnitudes. Also, increasing computational burden due to the additional sparsity promoting terms is another 
major concern for sparse adaptive networks. 

In this dissertation, we first propose an adaptive convex combination based approach for identifying 
variably sparse systems using a novel combination of the zero attracting normalized least mean square 
(ZANLMS) and the NLMS based adaptive filters. It is shown that while for highly sparse and highly non-
sparse systems, the proposed combination switches to the ZANLMS and the NLMS based adaptive filters 
respectively (better of the two under given levels of sparsity), for certain sparsity ranges, it results in an 
overall filter even better than either of the constituent filters. We further propose a block-based convex 
combination, where both the filter impulse responses are partitioned in non-overlapping blocks and adaptive 
convex combination is carried out on the output of the respective blocks from the two filters. The block-based 
approach outperforms the first one at the cost of increased computational requirement. 
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Next, we propose a computationally inexpensive ’heterogeneous’ sparse diffusion LMS which 
incorporates two different types of nodes: ZA-LMS based and LMS based. The proposed network is as 
effective as its ’homogeneous’ counterparts, and we show it by proving that the minimum level of the steady 
state network mean square deviation achieved using ZALMS based update at all the nodes of the network 
can also be obtained by the ’heterogeneous’ network with only a fraction of the nodes using ZALMS update 
rule while the rest employing the standard LMS update. We next develop a new sparse diffusion recursive 
least squares (RLS) algorithm which shows faster convergence simultaneously with lesser steady state 
network MSD than the existing algorithms. A heterogeneous counterpart of the above sparse diffusion RLS 
is then proposed. 

Lastly, we consider a recently proposed l0-RLS algorithm, for which we carry out a convergence 
analysis. Based on the results of this analysis, we propose a combination scheme to improve the performance 
of the l0-RLS algorithm in a scenario where signal-to-noise ratio varies over time. Finally, we propose a new 
l0-RLS algorithm by approximating the l0 norm of a vector in terms of a weighted l2 norm. The proposed 
algorithm shows far superior convergence behavior vis-a-vis existing algorithms. 

 
Keywords: Sparse systems, adaptive filter, least mean square (LMS), normalized LMS, recursive least 
squares (RLS), adaptive convex combination, adaptive diffusion network, l0 ’norm’, l1 norm, l2 norm, zero 
attracting(ZA) NLMS, reweighted ZANLMS, l0 NLMS, l0 RLS, mean square deviation (MSD), excess mean 
square error (EMSE), network MSD (NMSD), steady state MSD. 

 
 

ANALYSIS AND PROTECTION OF SERIES COMPENSATED TRANSMISSION LINES 
USING SYNCHRONIZED DATA 

 
Gajare Swaroop Subhash 

Supervisor: Prof. Ashok Kumar Pradhan 
Department of Electrical Engineering 

Accession No.: NB15934 
 

Series capacitors are used in transmission lines to increase power transfer capability. This is an 
economically viable solution over adding another line. The non-linear characteristics of the devices protecting 
series capacitors result in challenge for analysis and protection of the series compensated lines. With the 
advancement in measurement, communication and GPS technology, synchronized data from both ends of the 
line are now available for real-time calculations. This thesis aims to exploit the opportunities with these 
developments to improve the analysis and protection of series compensated lines. 

As per North American Electric Reliability Corporation (NERC) recommendations, model 
verification of power system components must be performed to make sure the system analysis software 
performs accurately. The parameters of the line or the compensation bank may change due to ambient or 
aging. Methods for verification of both the line parameters and the series compensation model are proposed 
in this thesis. 

Distance relays applied for transmission line protection use equivalent series compensation model 
for operation. Any change in compensation bank due to situations like MOV failure, if undetected, may cause 
maloperation of such relays. To prevent this, a compensation model independent relaying scheme for 
protection of series compensated lines is proposed. Autoreclosing is applied for quick restoration of the lines 
following a transient fault. Autoreclosing during fault can damage the power system elements. A method to 
determine the presence of a fault in the series compensated line is proposed which can be used to control the 
reclosing operation and avoid equipment damage. Accurate fault location is required to expedite maintenance 
and quick restoration of the line. A method to fault location method for series compensated lines considering 
untransposed line sections and complex fault impedance is proposed which is also applicable for multi-circuit 
lines. 
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Techniques using synchronized data for analysis and protection of series compensated lines in a 
power network are proposed in this thesis. These techniques are tested using PSCAD/EMTDC simulations 
for different real series-compensated lines in Indian power grid and found to be valid. Numerous test results 
are presented to highlight the superior performance of the techniques over available methods. 

 
Keywords: Autoreclosing, fault location, intelligent electronic devices, model verification, parameter 
estimation, power system protection, series compensation, synchronized measurements, transmission lines, 
wide area measurements. 

 
 

POWER NETWORK PROTECTION USING SYNCHROPHASOR 
MEASUREMENTS 

 
Pratim Kundu 

Supervisor: Prof. Ashok Kumar Pradhan 
Department of Electrical Engineering 

Accession No.: NB16115 
 

Network protection schemes are responsible for identification and clearance of faults in power 
system. Local data based schemes have limited performance during stressed situations and such techniques 
are susceptible to maloperation. Power system being interconnected, a disturbance at any point in the system, 
if not tackled quickly, can trigger cascading events. Advancements in the field of real-time computation, 
communication facility and global positioning system (GPS) have led to development of wide area 
measurement system (WAMS).WAMS provides synchronized data from different locations in a network. 
Application of WAMS data for improving performance of network protection schemes is presented in this 
thesis.  

WAMS data, at times, may be unavailable due to communication line failure or measuring 
instrument error. A wide area backup protection scheme is proposed which can function even during data 
unavailability from buses connected to the faulted line during a fault situation.  

Network protection schemes are affected by changes in system conditions. The operating thresholds 
of these schemes require adjustments with such changes. Without these adjustments, a protection scheme is 
prone to maloperation. A system integrity protection scheme (SIPS) based approach is proposed for initiation 
of preventive strategy to avoid distance relay maloperation in the network.  

Controlled islanding is initiated in networks during stressed conditions to avoid system instability. 
Low inertia and load-generation mismatch in an islanded network can lead to high frequency oscillations. A 
method to assist distance relay operations in an islanded network is developed.  

Online identification of events such as fault, line tripping, and load change can assist in the initiation 
of remedial measures i.e., control signals for better system performance, analysis of relay operations in a 
network, etc. A method for real-time detection of such events in a network for improved situational awareness 
is proposed.  

Protection schemes maloperate, at times, due to error in settings or during stressed conditions in the 
network. Such an error can lead to cascading events causing severe damage to the system. A method for 
online assessment of protection operations is proposed.  

These new techniques can enhance the operation of protection schemes by preventing error in their 
decision and speeding up backup operations. Such techniques can be integrated into smart grid for mitigating 
blackouts. Numerous test results are presented to highlight the superior performance of these techniques. 

 
Keywords: Backup Protection, Bus injection, Cascade tripping, Directional relaying, Distance Relaying, 
Islanded network, Opal-RT, Overcurrent relaying, Power flow, Power system protection security, Protection 
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decision, Protection supervision, Synchrophasors, System integrity protection scheme, Wide area 
measurements. 

 
 

OPERATION OF POWER DISTRIBUTION NETWORKS WITH 
DISTRIBUTED GENERATION 

 
Sangeeta Das 

Supervisors: Prof. Debapriya Das and Prof. Amit Patra 
Department of Electrical Engineering 

Accession No.: NB15938 
 

The operation of the power distribution networks with distributed generation is presented in this 
thesis. For this, the optimal placement and sizing of DG units are considered to be important. Node selection 
for DG placement based on voltage stability and power loss reduction are formulated and the DGs sizes are 
optimized using genetic algorithm and particle swarm optimization techniques. The objective of drawing 
negligible power from the grid is studied using the combined placement of distributed generation and shunt 
capacitor bank. This mode of operation is termed as ‘floating mode’ operation in this thesis. This is achieved 
using a quadratic objective function and the fuzzy max-min principle. The distribution network operation in 
the presence of DG units with network reconfiguration is studied. The network reconfiguration is also carried 
out in the presence of a ‘P’ bus and a remotely voltage controlled ‘PQV’ bus. Because of the hourly variations 
of the load profile, the network reconfiguration is carried out on an hourly basis.  

A fuzzy based approach is proposed to handle the load variations in the distribution networks. The 
fuzzy based approach ensures that the DG value need not be optimized at every hour of the day. The operation 
of the distribution networks with the varying load profile is studied under the effect of load growth. The cost 
benefit analysis is computed to evaluate the economic benefits of the distribution network operations. The 
operation of the distribution network considering different combinatorial approaches involving DG 
placement, shunt capacitor placement, network reconfiguration and load variations is carried out in this thesis. 
This operation is found to be efficient in reducing the power losses, improving the voltage profile, reducing 
the amount of power drawn from the main grid and resulting in overall technical and economic benefits. 
Effectiveness of the proposed methodologies is demonstrated using simulation results.  

 
Keywords: Distributed generation; shunt capacitor, network reconfiguration, P and PQV buses, load 
variations, fuzzy approach, genetic algorithm. 

 
 

SYNCHRONOUS PWM STRATEGIES FOR LOW SWITCHING 
FREQUENCY OPERATION OF VECTOR CONTROLLED INDUCTION 

MOTOR DRIVES 
 

Saroj Kumar Sahoo 
Supervisors: Prof. Chandan Chakraborty and Dr. Tanmoy Bhattacharya 

Department of Electrical Engineering 
Accession No.: NB15882 

 
With the switching abilities of present day semiconductor devices (such as the MOSFETs/IGBTs) 

and the processing speeds of present day digital controllers (such as microprocessors/microcontrollers/ 
DSPs/FPGAs), switching frequencies of several kHz are generally applied for motor drives, especially in the 
lower power applications with ratings up to tens of kilowatts. Good bandwidth for torque current control can 
be achieved in these drives. Also, even if the speed of the drive extends to voltage-limited field weakening 
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region, the inverter can still be operated in PWM mode provided that the controlled dc-link voltage is derived 
from the unity power factor boost converter.Same is not true for medium voltage traction drives using 
semiconductor switches with higher voltage blocking capacity. In the medium voltage level, the 
semiconductors (IGBTs/GTOs) switch at a lower frequency (200Hz-500Hz) to restrictthe switching losses 
within reasonable bounds. Due to the lower switching frequency of the traction converters, the harmonic 
profile of the inverter pole voltage deteriorates. Hence, it is necessary to maintain synchronisation, three 
phase symmetry, half wave symmetry and quarter wave symmetry of the inverter pole voltage waveforms. 
Also, the traction drives need to operate at the deep field weakening region (2 to 3 times the base speed) to 
optimize the utilization of the motor ratings.  

This work proposes a carrier based synchronised sinusoidal PWM technique along with a compatible 
over modulation algorithm for a two-level inverter to operate the semiconductor switches at a lower 
frequency. The proposed synchronous PWM technique maintains synchronisation in both steady and 
dynamic conditions as the synchronous carriers are generated from the instantaneous voltage references. The 
concept of synchronous PWM technique is also extended to the multilevel inverter topologies i.e. for LSPWM 
and PSPWM techniques. This work analytically explains the conditions to maintain synchronisation, three 
phase symmetry, half-wave symmetry and quarter wave symmetry of the pole voltage waveforms of a 
cascaded H-Bridge multilevel inverter (CHBMLI). A field weakening control scheme is also developed, 
which maintains current control for an induction motor drive even when the two-level inverter enters the Six-
Step Mode of operation. The PWM techniques and the field weakening control scheme are verified 
experimentally with the help of a squirrel cage induction motor drive supplied from either a two-level inverter 
or a five-level CHBMLI laboratory prototype, and the experimental results are presented to validate their 
usefulness. 

 
 

VOCAL TRACT MODELING FOR ASSESSMENT OF AGGRESSIVE 
BEHAVIOR IN SPEAKERS 

 
Subhasmita Sahoo 

Supervisor: Prof. Aurobinda Routray 
Department of Electrical Engineering 

Accession No.: NB16012 
 

Automatic evaluation of effectiveness of a conversation has applications ranging from call centres 
to negotiations. Individual speaker behaviour is one of the important aspect to be looked into for detecting 
disagreement in a conversation. This dissertation addresses the question how assessment of individual 
speaker behaviour could be used to infer conflict during a conversation. It also takes into account the question 
how air pressure inside the vocal tract changes during production of speech with different behavioural 
attitudes. A novel glottal inverse filtering technique has been developed for estimation of air pressure inside 
the vocal tract from the recorded speech. The technique uses extended Kalman filtering on the state space 
model of speech production system to estimate the states which are then used to compute the glottal flow and 
air pressure inside the vocal tract. The method has been found to be more accurate and informative as 
compared to existing techniques. A new method has been proposed for estimation of vocal tract shape from 
speech. The technique has been found to be comparatively robust to noise than the existing one. A new 
prosodic feature, based on the air pressure distribution at different sections of the vocal tract, has been used 
to detect the aggressive behaviour in speakers. The feature has been found to be at par with the existing 
prosodic features in detecting aggression. The aggression detection technique has been used to assess the 
aggressive behaviour of speakers during a conversation. Hostile emotions such as anger and disgust that are 
generated during conflict often lead to aggressive behaviour in speakers. Therefore, individual speaker 
behaviour plays an important role in conflict perception during a conversation. A conflict detection technique 
has been proposed which infers conflict from the behaviour of speakers.  
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Keywords: Glottal inverse filtering, Vocal tract shape estimation, Aggression detection, Conflict detection, 
Behavioural assessment. 

 
 

APPLICATION OF MATRIX CONVERTERS IN DOUBLY FED 
INDUCTION GENERATOR BASED WIND ENERGY CONVERSION SYSTEMS 
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Doubly fed induction generator (DFIG) with fractionally rated back-to-back voltage source 
converters (VSC) connected between its rotor and stator terminals is the most popular Variable Speed 
Constant Frequency (VSCF) Wind Energy Conversion System (WECS) with a market share of above 50% 
at present. This popularity derives from its superior performance, lower cost, and control flexibility. A Matrix 
Converter (MC) can be a good alternative to the back-to-back converter in this application due to its compact 
size, increased efficiency and longer life span. However, there are several issues concerning the control of an 
MC fed DFIG based VSCF WECS which have to be solved before this topology gains commercial 
acceptance. These include complicated modulation algorithm, control complexity due to coupling between 
active and reactive power transfer, high grid current distortion due to MC input filter resonance, limited 
reactive power support, fault ride through capability, operation from unbalanced grid etc.  

The present research work is carried out to develop a suitable controller for a grid connected MC 
fed DFIG based VSCF WECS which solves some of the above mentioned problems with minimum control 
complexity. The control algorithm is realized using a modified look-up table based DTC controller, which 
offers superior dynamic, and steady state DFIG torque response compared to the existing control algorithms. 
The superior performance of the proposed controller is experimentally validated on a laboratory prototype 
system.  

A double-loop control structure for controlling the MC input reactive power is chosen after a 
comparative study with a single loop structure. Further, a novel rotor flux based active damping mechanism 
is proposed which augments the basic DTC algorithm to mitigate the problem of resonance at the MC input 
filter excited by the PWM input current of the MC. A small signal model of the MC input filter system along 
with the active damping controller is developed to aid the design of the later and to study the effect of different 
system parameters and operating conditions on its performance. Experimental results obtained from the 
laboratory prototype confirm the efficacy of the proposed active damping algorithm in improving the quality 
of the MC filter input current. The predictions from the small signal model are also experimentally verified.  

Next a “predictive DTC algorithm” for the MC fed DFIG is proposed which retains all the 
advantages (i.e. fast torque response, decoupled active-reactive power control, active damping of the MC 
input filter) of the previously proposed controller while extending the reactive power supply range of the 
system. This is achieved by judiciously utilizing all the available switching states of the MC. The MC 
switching states are selected using the input filter model and the remaining control tasks (i.e. machine control 
and active damping) are performed by the DTC algorithm. So the machine dynamic performance remains the 
same as that of a DTC based controller while higher numbers of available switching states increase the MC 
input reactive power capability. As before, all analytical predictions are supported by experimental results.  

Finally, an algorithm based on the system loss model is developed which maximizes the generating 
system efficiency while regulating the grid power factor to the desired value. To this end a new equivalent 
circuit based procedure for calculating the maximum reactive power capability of the MC under different 
operating conditions is proposed and experimentally verified. The algorithm developed is simple enough 
(require less computation) to be implemented online for system level control of wind farms by setting 
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different reactive power references to individual generators. A generalized active-reactive power capability 
curve (similar to the operating chart of a synchronous generator) for a typical large wind turbine driven MC 
fed DFIG system is also derived using the same algorithm.  

 
Keywords: Double Fed Induction Generator (DFIG), Matrix Converter, Direct Torque Control (DTC), 
Active Damping, Predictive Control, Loss Minimization, Reactive Power Control, Variable Speed Constant 
Frequency (VSCF), Wind Energy. 
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Mathematical physiology is a quantitative description of physiological processes. This approach 
helps in the understanding of the functioning of different organs and their interrelations. Mathematical models 
are employed to represent physiological system for better understanding of these interactions. In this work, 
an integrated model of the respiratory system is proposed, with the aim to describe the failure of the 
homeostasis and its recovery using oxygen therapy. 

Firstly, a noted model of respiratory regulation is chosen for this study. It is extended by vasodilation 
model of the cardiovascular system. Two properties of the model are identified for existence and uniqueness 
of the equilibrium point. Using steady-state analysis, a lower threshold for atmospheric oxygen and an upper 
threshold for atmospheric carbon dioxide is calculated. As it is observed that all the states are not required 
for stability analysis, the order of the model is reduced using matched DC gain method. This model is further 
extended to accommodate the waxing and waning pattern of oronasal airflow observed in PB condition using 
modulation-demodulation hypothesis. The breathing mechanism is modeled as a Multi-Input Multi-Output 
(MIMO) system, where modulated and demodulated neural signals are applied as input and the minute 
ventilation signal and the oronasal airflow are defined as output. 

Using the proposed reduced order model, two clinical conditions are addressed, i.e. Chronic 
Obstructive Pulmonary Disease (COPD) and Periodic Breathing (PB). COPD condition is characterized by 
the shifting of the equilibrium point. On the other hand, the system becomes oscillatory in the PB condition. 
The COPD condition is modeled by varying three parameters, viz. impaired diffusion, higher dead space and 
higher metabolism. In this condition, the alveolar oxygen becomes lower and alveolar carbon dioxide become 
higher. Application of additional oxygen increases the alveolar oxygen to the nominal value but also increases 
the alveolar carbon dioxide. An objective function is formulated using a quadratic combination of alveolar 
oxygen and carbon dioxide and convex optimization is used to calculate the optimal level of oxygen for 
oxygen therapy. For the simulation of PB, three conditions are considered, viz. higher delays, increase of 
chemoreceptor gains in hyperventilation and decrease in minute ventilation during sleep. Two algorithms 
using Lyapunov-Krasovskii functional are formulated to analyze these conditions for stability. Additional 
oxygen is also considered as a parameter and minimum limit of oxygen is calculated to suppress the 
oscillation. 

 
Keywords: Mathematical physiology, Respiratory system, Delay-dependent stability, Lyapunovkrasovskii 
functional, Linear matrix inequality, Chronic obstructive pulmonary disease, Periodic breathing, Oxygen 
therapy 
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MODULAR MULTILEVEL CONVERTER BASED MEDIUM-VOLTAGE 
INDUCTION MOTOR DRIVE 
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Accession No.: NB16064 
 

This thesis deals with the issues of modular multilevel converter (MMC) based medium voltage 
(MV) induction motor drive for variable speed applications. Sub-module (SM) capacitors of conventional 
MMC suffer from large voltage fluctuations as the motor speed decreases with rated torque. Finally, it 
becomes impractical to operate the motor at zero frequency. A new configuration of MMC based induction 
motor drive and its control technique have been proposed to limit these voltage fluctuations at all frequencies 
of the drive with rated load torque. Transformerless configuration of this proposed configuration of MMC 
based drive is as follows. A modular multilevel double-star bridge cell (DSBC) converter, referred as grid 
side MMC, is used as front-end converter and is directly connected to the grid. It keeps the grid current 
sinusoidal and in phase with the grid voltage. It generates controlled dc current at the output. Another modular 
multilevel DSBC converter, connected in cascade with the earlier one, drives a three phase induction motor. 
It is called motor side MMC. Thus, the input to this motor side MMC is the controlled dc current source. It 
generates variable voltage with variable frequency for the induction motor.  

Due to this proposed configuration, the voltage ripple of the SM capacitor is maintained constant 
for wide speed range. This is achieved without overloading the converter. Suitable control strategies for the 
motor side and the grid side MMCs have been proposed for this drive. These control methods show high 
performance of the drive from rated to low frequency at steady state as well as transient states. However, this 
control strategy fails to regulate the voltage ripple of the sub module capacitor near zero frequency of the 
drive.  

The control strategy has been modified for the operation near zero stator frequency. In this modified 
control strategy, the intermediate dc current source is changed to ac current source of few Hz when the drive 
operates very close to zero frequency. Then the peak to peak voltage ripple of the SM capacitor remains under 
control till the zero frequency operation of the drive. A proper scheme has been introduced to integrate these 
two control methods for the seamless transition from very low frequency to high frequency operation of the 
drive.  

Finally, balancing issues of sub-module capacitor voltages of the proposed configuration of MMC 
based drive have been analyzed. Suitable voltage balancing control strategy for individual capacitor has been 
proposed for grid side MMC and motor side MMC. All these proposed strategies have been experimentally 
verified using a proto-model of the proposed configuration of MMC based induction motor drive. The results 
conform to the theoretical analysis given in the thesis. 

 
 

DESIGN OF SUBSTRATE INTEGRATED WAVEGUIDE (SIW) PASSIVE 
COMPONENTS 

 
Arani Ali Khan 

Supervisor: Dr. Mrinal Kanti Mandal 
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Accession No.: NB16053 
 

Recent progress in wireless communication technology demands high performance, compact 
RF/microwave passive components like a filter, diplexer, multiplexer, power divider/combiner and various 
types of antennas. For circuit implementation of the passive components, various circuit technologies are 
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available since more than last fifty years. The bulky rectangular waveguides and planar circuit technologies 
like microstrip, CPW and grounded CPW are well established in microwave circuit designing. The waveguide 
offers lower loss but they are bulky whereas above mentioned planar technologies offer compact size at the 
expense of a total loss.  

In last two decade, a circuit technology that can be considered as a bridge between the air filled 
waveguide and other planar circuit technologies, called Substrate Integrated Waveguide (SIW) has drawn the 
great attention of microwave and millimeter wave circuit designers due to its compact size, lower loss, and 
moderate power handling capabilities. SIW is a planar form of the air filled waveguide which can be 
fabricated using printed circuit board (PCB) technologies. It can be easily integrated with other planar 
circuits.  

In this thesis, designing of various microwave passive components using SIW technology have been 
presented. Compact and broad band coaxial line to SIW and empty SIW transitions are developed to minimize 
the transition loss. Study of losses, the design of high-performance filters, diplexers with improved isolation, 
self diplexing antenna with orthogonal radiation, and compact multi way power dividers are presented. Full 
wave simulator Ansoft's HFSS® is used to carry out the parametric studies and design optimization.  
The passive components are presented in this thesis are listed below.  
1. Wideband Coaxial line to SIW and ESIW transition: A direct SMA connector to SIW transition is 
presented. The proposed transition eliminates the losses associated with existing planar circuits like 
microstrip, CPW or Grounded CPW to SIW transitions. The bandwidth of this transition covers the whole X-
band with minimum transition loss and area. Further, the design is used to implement SMA-empty SIW 
(ESIW) transition in X-band. The transitions have the advantages of compact size and minimum transition 
loss.  
2. High-Performance Bandpass filters: Dual band, narrow band, and cross coupled bandpass filter in 
multilayer configuration, are presented. A dual band filter using the fundamental TE110 and next higher order 
TE210 modes of a single rectangular SIW cavity is presented. The filter offers independent bandwidth control 
even when the center frequency ratio is 1.1. A sharp cut off narrow band filter is designed for satellite 
transponder application. To improve the pass band insertion loss, only three resonators are used. To improve 
the stop band rejection, transmission zeros (TZs) near the pass band edges are created by the higher-lower 
order mode and bypass coupling. A wideband SIW filter is presented in multilayer configuration to reduce 
the circuit footprint. Both the electric and magnetic couplings are suggested in multilayer configuration. TZs 
near the band edges at both the stop bands improve the selectivity of the proposed filter.  
3. Filter integrated with SPDT switches: A dual mode square cavity is used to realize a band pass filter 
integrated with single-pole double-throw (SPDT) switches. RF power can be transferred to any of the two 
output ports by controlling the switching states.  
4. Dual mode filters and diplexers with improved port isolation: A dual mode SIW filter with tunable TZs 
is presented. Tuning of transmission zeros position over a wide range of frequencies has been discussed in 
detail. Finally, two diplexers are designed with improved channel isolation utilizing the zero tuning property 
of the proposed dual mode filters.  
5. Self diplexing antenna with orthogonal radiation: A self diplexing antenna that offers orthogonal 
radiation at two frequencies while excited at two orthogonal ports with a minimum port isolation of 29 dB is 
designed. The dual resonance property of a square dual mode cavity is utilized for dual frequency radiation. 
A rectangular ring slot on the top plane of a square dual mode SIW resonator is used to excite the dual modes 
and radiation. Further improvement of port isolation is also discussed.  
6. Miniaturized SIW multi way equal and unequal split power dividers: To make the SIW components more 
compact, a miniaturized 1/32th mode SIW is proposed. The proposed SIW is then used to develop compact 
equal split 4-way, 8-way, and two unequal split 4-way power dividers. An easy tuning method of output 
power level is also suggested.  
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Embedded memory requirement has significantly increased for last two decades in the area of 
mobile internet devices (MID), wearable electronics and internet of things (IoTs). More functionalities are 
expected to be associated with wearables and IoTs demanding more features being integrated in a single chip. 
This, in turn, requires individual memory unit for each IP. Like the functional blocks, the embedded memories 
are also distributed across the SoC. The distributed embedded memories are account for a significant 
component of SoC design and hence optimization is needed for density and power while maintaining 
acceptable performance. 

Key building blocks of embedded memories are SRAM and register file (RF). RFs are having 
conventionally lower density but they are advantageous for low Vmin, dynamic power and performance. So, 
1R1W RF is very suitable for embedded memory applications for feature rich SoCs that demand significant 
amount of fragmented embedded memory. Therefore embedded RFs are a critical component in modern 
digital systems and their role is increasing. RF designs are traditionally of lower density. In this thesis 
improving the density of RF designs have been focused so that its advantage in Vmin, active power and 
performance can be more widely utilized in SoCs. 

As power and density are the two key focus area of this dissertation so leakage power and area are 
optimized at bit cell level first. Compiler friendly density and power improvement techniques like leaf cell 
optimization by eliminating transistors, organizing leaf cells by proper architectural planning, top level 
connectivity through leaf cell abutment, utilizing the minimum number of leaf cells, incorporating float bit 
lines and power switches for leakage power savings etc. are employed for improving density and power. An 
8T low leakage bit cell of 0.106μm2 is considered for highdensity (HD) TP RF memory compiler which 
provides 5.66Mb/mm2 array density for a 72Kb array reporting the highest density in 14nm process 
technology. Self-induced VCC collapse technique is applied for write and a four stack static keeper is used 
for read Vmin improvement. Here 64 bit cells per local write driver and 16 bit cells per local bit line are used 
to achieve higher density. Fabricated test chips using 14nm process demonstrated 1.4GHz performance at 
0.75V operation. The single die shmoo shows that the entire compiler range is functional down to 550mV. 
The inbuilt power gate improves leakage power by 12x. To improve density further, 12% smaller high-density 
bit cell of 0.094um2 is used to achieve 7.12Mb/mm2 ultra-high density (UHD) memory compiler which is the 
highest RF array density including power gate across any process node. For leakage power improvement, 
tristate local write drivers are used to make bit line float. 128 bit cells per local write driver and 32 bit cells 
per local bit line are considered to make the array denser. This design can operate 1.2GHz performance at 
0.75V/typ/70°C. This compiler is good for area and power but it sacrifices functional Vmin (630mV). 
Contention free delayed keeper (CFDK) helps to bring down read port device sizes making ultra-high density 
bit cell of 0.088um2 which is the smallest possible TP RF bit cell in the available 14nm process without 
impacting any extra process cost. UHD bit cell boosts the array density further for UHD1 RF. It provides the 
best array density of 7.21Mb/mm2. CFDK for read and 4 stacked shared-p for write are used to get Vmin 
close to 580mV. A memory compiler is constructed using abovementioned RF bit cells spanning a range of 
instances from 32b to 72Kb with compile time power switch feature. This power switch feature saves 51.96% 
shutoff leakage power over HD design. The performance of UHD1 design is also similar to UHD design. 
Without power switch, 7.65Mb/mm2 array density is achieved. Above reported densities are the highest 
reported array density with both including and excluding power gates in any process nodes as per the available 
published literature till date. Approximately 8% of a leading 14nm SoC die area is occupied by these compiled 



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 137
 

RF instances. Among the three designs the SoC with HD RF is currently shipping while the SoC with UHD 
and UHD1 RFs are under development. 

 
Keywords: RF, 1R1W, Two Port, SoC, High Density, Ultra-High Density, Contention Free Delayed Keeper, 
Self-induced Vcc Collapse, Float Bit Lines, Embedded Power Gate, SRAM. 
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Image fusion incorporates complementary and redundant information available in input images in 
such a way that the fused image describes more accurate information than that of any of the individual images. 
The process of blending several images from various information sources provides extended value to the 
user. In many applications such as telemedicine, satellite imaging, etc. real-time image fusion is required for 
efficient analysis. To realise a real-time image fusion system, a series of independently running modules such 
as registration, fusion and compression are required. Very Large Scale Integration (VLSI) based hardware 
accelerators for image registration, fusion and compression provide a low-cost solution for real-time image 
fusion systems. 

Image registration is the primary pre-processing step in image fusion. It deals with the alignments 
of the pixels in the input images. For a complete registration process, both rigid and non-rigid registration 
modules are required. This dissertation presents a non-rigid registration algorithm and its VLSI architecture. 
After synthesizing the architecture using Xilinx ISE, the maximum frequency is found to be 174 MHz. 

After the registration process, images are subjected to the fusion process. A multi-focus image fusion 
algorithm combines blurred regions of images obtained by changing the focal length of an image sensor. The 
Infrared and visible image fusion algorithms assume a linear space invariantmodel for each of the 
measurements. The architectures of multi-focus imagefusion and IR and visible image fusion are synthesized 
using Xilinx Field Programmable Gate Array (FPGA) and the maximum frequencies are found to be 221 and 
250 MHz respectively. 

In real-time image fusion, a series of fused images, which have a lot of redundant data, is generated. 
In wireless image sensor networks and applications such as telemedicine, security surveillance and satellite 
imaging it is required to compress the images at the source before these are sent to a central location. 
Compression of a series of images can be achieved through algorithms for video compression. One of the 
most computation intensive processes in video compression is the Motion estimation process. An octagonal 
based motion estimation algorithm and its VLSI architecture are also proposed in this dissertation. The design 
is synthesized using Xilinx ISE. The maximum frequency is found to be 250 MHz, which is suitable for 
processing more than 800 frames of Common Intermediate Format (CIF) size images and 35 frames of High 
Definition (HD) images. 

 
Keywords: Image Fusion, image Registration, Image Compression,Multi-Focus Image Fusion, IR and 
Visible Image Fusion. 

 
 

  



2017‐18	 Abstracts	of	Ph.D.	Theses
 

138	 Indian	Institute	of	Technology	Kharagpur 
 

DESIGN AND ANALYSIS OF EFFICIENT ELECTROMAGNETIC ABSORBERS WITH 
POLARIZATION INSENSITIVITY AND ANGLE STABILITY 

 
Debidas Kundu 

Supervisors: Prof. Ajay Chakrabarty and Prof. Akhilesh Mohan 
Department of Electronics and Elec. Comm. Engineering 

Accession No.: NB16089 
 

Electromagnetic (EM) absorbers, nowadays, are used throughout the frequency spectrum. Some of 
the important applications of todays absorbers include radar signature reduction of targets, electromagnetic 
compatibility (EMC), etc. at microwave range; sensor, detector, spatial light modulator, bolometer, solar cell, 
etc. at Infra-red (IR) and visible range. In view of suitability for modern applications, this thesis presents the 
design and analysis techniques of efficient planar electromagnetic absorbers. With the help of impedance 
analysis method, it is shown that ultrathin absorber can be realized by using conductive frequency selective 
surface (FSS) on the top of a grounded lossy dielectric substrate. Following that, a conductive square ring-
based ultrathin absorber is designed. The unit cell of the ring-based absorber is miniaturized and its absorption 
level is improved by incorporating Giuseppe Peano fractal. The bandwidth of this inherently narrowband 
ultrathin absorber is enhanced by multiplexing the fractal-modified rings with closely spaced resonances in 
a unit cell. Moreover, the phenomenon of cross-polarized reflection from the EM absorbers is characterized. 
A technique is presented where the cross-polarized reflection, if exists, can be reduced in order to improve 
the overall absorption. The cross-polarized reflection and its mitigation are theoretically and quantitatively 
analyzed. Furthermore, in order to design a broadband circuit analog absorber (CAA) using array of 
conductive crossed dipoles with lumped resistor loading, a simple synthesis technique is proposed. The radar 
cross section (RCS) reduction capability of this absorber is analyzed. In addition, a moment method 
formulation is presented to theoretically obtain scattering response of infinite array in waveguide simulators. 
This theoretical analysis validates the utility of waveguide simulators for experimental measurements of the 
infinite array. All the proposed absorbers in this thesis are insensitive to the TE and TM polarizations and 
quite stable for oblique angles of incident EM waves. According to the Federal Communications Commission 
(FCC) defined radar spectrum, the proposed absorbers in this thesis can be used as radar absorbing material 
(RAM) for ship-borne, airborne, ground air surveillance radar signal avoidance. Finally, some future scopes 
and challenges of this rapidly expanding field are briefly addressed. 

 
Keywords: Absorber; Absorption; Bandwidth; Cross-polarization; Frequency selective surface (FSS); High 
impedance surface (HIS); Polarization; Radar cross section (RCS); Scattering; Thickness; Unit cell. 
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The primary objective of the software defined radio (SDR) system design has been fixed for 

supporting various existing wireless communication standards (2G, 3G and 4G) along with the provision for 
incorporating the evolving standard (5G), online high definition video and audio streaming and visualizing 
capability, high speed internet access around the globe with a reduced battery life and reconfigurable 
capability at the lowest possible cost. In light of the foregoing observation, realization of a SDR system has 
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been attempted in this thesis by designing and developing reconfigurable digital up converter for zero-IF 
baseband modulator. Therefore, IF processing part in SDR system has been performed using the digital up 
converter (DUC) and digital down converter (DDC) blocks, which are placed next to the ADC and DAC in 
the transmitter and receiver paths respectively. The DUC and DDC comprise a digital frequency synthesizer 
along with interpolator and decimator respectively. However, in order to support different categories of 
wireless standards, the interpolator and decimator should be reconfigurable in nature. In addition, direct 
digital frequency synthesizer (DDFS) should have a wide range of spurious free dynamic frequency range 
(SFDR) support.  

The pulse shaping interpolation filter used in the IF processing of some of the popular 3G standards 
IS-95, WCDMA, UMTS and DVB standards has been analyzed. It is observed that the pulse shaping filter is 
characterized by different parameters including filter lengths, interpolation factors and roll-off factors for 
different standards. In this dissertation, two reconfigurable interpolator architectures have been designed and 
implemented which can change the above mentioned filter parameters at different points of time by simply 
selecting the proper control signal. These architectures have been designed based on the hardware 
multiplexed common operator technique in order to achieve better optimization of power, area and speed in 
case of single chip solution.  

In the reconfigurable interpolated FIR filter, reconfigurable multiple constant multiplication 
(RMCM) blocks are the critical elements which define the overall performance of the desired filter 
implementation. In this dissertation, three new architectures have been introduced for designing efficient low 
complexity RMCM design which are based on 2-bit binary common sub-expression elimination (BCSE) 
algorithm, vertical horizontal binary common sub-expression elimination algorithm (VHBCSE) and 
canonical signed digit based vertical horizontal common sub-expression elimination algorithm (CSD-
VHCSE). The performance analyses of hardware implementation of these RMCM blocks results have been 
presented to showcase the merits of the proposed architectures over those of the other existing works on 
RMCM design.  

The main challenges in the digital frequency synthesizer are the adjustable SFDR support ability, 
fine frequency resolution capability, achieving maximum operation frequency along with the reduced spurs 
generated by phase and amplitude truncation during the phase accumulation. An efficient DDFS with 
adjustable SFDR range has been implemented in order to fulfill the zero-IF processing in the next generation 
mobile handset. Successive error approximation algorithm has been introduced for developing the DDFS 
where the user-selected SFDR range reconfigures the hardware in order to achieve low complexity.  

Reconfigurable architectures of other blocks like baseband demodulator, decimator along with 
encoder/decoder blocks are being left for the future work in this direction. Validation of the desired SDR 
system with some real time signal is to be carried out after final integration of all of these reconfigurable 
blocks of the transceiver into a single architecture.  
 
Keyword: Software Defined Radio, Digital Up Converter, Multiple Constant Multiplication, Direct Digital 
Frequency Synthesizer, Reconfigurable Architecture 
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Structural health monitoring (SHM) of civil structures has become one of the challenging problems 
in multidisciplinary research area over the last two decades. SHM systems have a potential for continuous 
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condition assessment for the safety improvement and the maintenance cost reduction in different types of 
structures. Different damage diagnosis approaches can be used for damage detection, localization, and 
quantification of extent of damage in structures. However, varying operational and environmental conditions 
adversely affect the detection of small damages in the structure. The preferable approach is the one which 
can detect the smallest damage in the presence of varying operational and environmental conditions. 
Vibration-based SHM is the emerging field in civil engineering for continuous monitoring of structures. The 
work presented in this thesis is based on time series analysis of vibration signals for damage detection, 
localization, and quantification and its application to civil structures under varying operational and 
environmental conditions. In the context of statistical pattern recognition paradigm, the SHM is processed in 
four steps: (i) operational evaluation, (ii) data acquisition and cleaning, (ii) feature extraction, and (iv) 
statistical model development for feature classification. Data normalization is a key in SHM to eliminate the 
consequences of varying operational and environmental conditions for anomaly detection which can be 
applied before or after 

feature extraction. 
The initial focus of the thesis has been to detect anomalous behavior of the structure by combining 

a machine learning approach with a statistical model. The AR model coefficients were utilized as damage 
sensitive features (DSFs). The proposed technique has been tested on the standard data sets of three-story 
frame structure (collected from Los Alamos National Laboratory (LANL) website) available to the public 
domain for damage detection and severity computation. Based on this study, it was observed that one-class 
support vector machine (SVM) based data normalization technique is capable of suppressing the change in 
vibration features due to operational and environmental variations. However, one-class SVM suffers from 
the drawbacks as it is insensitive to small damage and also the SVM parameter needs to be properly tuned. 
These drawbacks motivated us to explore the same problem by means of eliminating those variations instead 
of suppressing them using optimum residual subspace (ORS) model. The ORS model is designed using 
principal component analysis (PCA) that facilitates to capture the underlying patterns in vibration features 
along with eliminating the consequences of varying operational and environmental conditions. The ORS was 
obtained using variance of reconstruction error (VRE) criterion that finds a global minimum VRE with 
respect to number of principal components (PCs) for the best reconstruction. The optimum residual error 
spanned by ORS is computed for an unknown structural state to estimate the severity of damage in the 
structure. The DSFs corresponding to multiple sensors placed on the monitoring structure were fused at 
feature level that restricted the proposed methods for damage detection and quantification.  

To excite large structures like bridges, buildings, etc. economically and reliably is a challenging 
task. So the latter part of the thesis focused on damage detection, localization, and quantification using 
ambient vibration. A novel framework for damage detection and localization using a two-step normalization 
approach is proposed using AR coefficients as DSFs. The proposed technique is tested on American Society 
of Civil Engineers (ASCE) benchmark structure. The ORS model is developed for individual sensor location 
along with temporal normalization that captured the global behavior of the structure from reference structural 
states. Computation time for AR coefficients increases with AR model order. PCA based approach has been 
used to improve computational efficiency. PCA also facilitates to capture the useful information in the 
compressed domain along with improving the signal to noise ratio. This led to the motivation that PCA can 
be used to extract DSF independent of varying operational and environmental conditions. The environmental 
variations and measurement noise were eliminated during feature extraction itself by selecting a number of 
principal components (PCs) corresponding to mid-range eigenvalues. The PCs corresponding to higher 
eigenvalues are discarded to eliminate the variations due to varying operational and environmental 
conditions, and signal to noise ratio is improved by discarding PCs corresponding to lower eigenvalues. The 
range of eigenvalues was selected using cumulative percentage of variance (CPV) criterion. From the damage 
diagnostic results, it was observed that proposed feature is sensitive to small damage in the structure and 
insensitive to varying operational and environmental conditions. The test results on various models of the 
ASCE benchmark structure are presented using ambient and shaker vibration data. It was observed that 
proposed damage diagnosis algorithm gives satisfactory results under different excitations. 
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Ultrasound imaging is the most popular imaging technique being least hazardous and capable of 
continuous imaging at a real-time frame rate. Beamformers play an important role in the formation of high-
quality ultrasound images. The goal of the beamformers is to focus the beam at an angle during transmission 
while combining the echoes in a controlled manner such that the gain corresponding to the desired focal point 
remains high. Focusing of the beam at a scan point requires applying delays to the signals transmitted or 
received by different elements of the array. These delay values change with every scan point for each element 
of the array. Therefore, a dynamic delay calculator is needed for on-line computation of the delay values. 
Apodization is used to reduce the amplitude of the signals from the direction other than the focal point by 
applying appropriate weights to the response of each array element. Fixed window functions can be used for 
apodization, however, they broaden the mainlobe which reduces the image resolution. An effective adaptive 
apodization technique is required to avoid this trade-off, and its low power architecture is needed for a 
portable ultrasound imaging system. In ultrasound imaging, convex phased arrays are largely used in 
obstetrics and gynecology as they provide larger Field of View (FOV) with minimal contact area. The aim 
of this dissertation is to develop a hardware-efficient beamformer for a real-time convex array based 
ultrasound imaging system. A real-time dynamic delay calculation algorithm and its architecture are proposed 
to focus the multi-element convex phased array at a large number of scan points dynamically. The proposed 
algorithm reduces the number of calculations and provides parallelism by splitting the delay equation into 
two parts, with one remaining constant and the other changing with the array elements and the scan points. 
An apodization algorithm is proposed to enhance the image contrast and resolution by selecting the window 
functions having minimum and maximum variances from the multi-window functions, and Dual Apodization 
with Cross-correlation (DAX) algorithm. Its IEEE single precision arithmetic based resource-optimized 
hardware architecture is also furnished. Finally, a phased array receive-beamformer architecture for multi-
element phased array is presented which is implemented for 64-element convex phased array using the 
proposed apodization architecture, proposed delay calculator, Dual port Block RAMs and interpolation 
filters. Hardware requirement in the proposed beamformer is reduced by introducing resource sharing at 
different levels. Hardware complexity in terms of NAND-2 equivalent gates and total dynamic power 
consumption for the proposed beamformer are found to be 1370 k and 252.90 mW respectively in UMC 90 
nm CMOS standard cell library. 

 
Keywords: Ultrasound Imaging, Beamformer, Convex Phased Array, Delay Calculator, Apodization, DAX. 

 
 

EFFICIENT DEPLOYMENT OF MULTI-AGENT MOBILE WIRELESS 
SENSING SYSTEM FORVARIOUS COVERAGE PROBLEMS 

 
Mrutyunjay Rout 

Supervisor: Dr. Rajarshi Roy 
Department of Electronics and Elec. Comm. Engineering 



2017‐18	 Abstracts	of	Ph.D.	Theses
 

142	 Indian	Institute	of	Technology	Kharagpur 
 

Accession No.: NB15855 
 

Coverage under connectivity constraint is a challenging problem in the context of multi-agent 
wireless sensing systems. The same does turn out to be an important component of futuristic engineering 
planning and designs for large scale energy efficient, smart green cities and homes, sustainable, environment 
friendly infrastructures, cyber-physical system enabled industrial automation, waste management, healthcare, 
battlefield military operations, surveillance in war and peace time, disaster management, and also in various 
other socio-technical systems. The sensing technology is going to offer devices of future a digital skin using 
which the same interacts with and learns about its environment and the issue it deals with. This enhanced 
cognitive power is going to offer the actuators associated with the system more information and intelligence 
before picking an action so that it can steer the system towards a desirable direction. Area coverage, target 
coverage and barrier coverage are the three modes of coverage which become relevant and important in 
various contexts. A new notion related to collaborative sensing called information coverage can also serve as 
a metric or figure of merit for evaluating the usefulness of a multi-robot sensing formation. Apart from 
coverage objective sensing models considered also affects the optimal coverage pattern design. These days’ 
sensors can be mounted on top of small robots capable of locomotion. The same can be initially scattered at 
random locations using canons or aircrafts in hostile target areas. A self-deployment procedure for spreading 
out the flock of sensor mounted robots from their initial random location is necessary for achieving final 
optimal formation required for optimal collective sensing and coverage. Maintenance of radio connectivity 
within themselves and with the Base station (BS) during the entire process of self-deployment should be 
ensured.  

The pieces of work reported in this thesis are presented below. In second chapter the different 
coverage problems encountered in mobile wireless sensor networks are described and the coverage rates of 
mobile sensor networks for incorporating different sensing models are compared. Different sensing models 
considered include: Binary sensing model, Probabilistic sensing model, and Cooperative sensor model 
(Information Coverage).  

The third chapter is about developing an efficient dynamic sensor deployment scheme based on 
particle swarm optimization (PSO) to maximize the information coverage and minimize the traveling distance 
for mobile wireless sensor nodes.  

Distributed self-deployment using virtual force based algorithms for maximizing the area coverage 
in the presence and absence of obstacles of various shapes for homogeneous as well as heterogeneous mobile 
sensor networks are studied in detail in chapter four. The illustrations are supported by extensive simulation 
results. Sensors interaction with boundary of the area of interest is also incorporated in the force models.  

A distributed self-deployment methodology based on virtual force and proximity graph (Urquhart 
graph) for connectivity constrained target coverage in the presence and absence of the obstacle of various 
shapes is developed in the next chapter. The methodology includes proper stopping criteria, collision 
avoidance methods, covering single and multiple targets in presence of single and multiple obstacles, and 
also tracking and covering multiple moving targets.  

Distributed self-deployment algorithms for barrier coverage are studied in chapter six. The 
corresponding virtual force based algorithm also includes boundary interaction. Connectivity constraint is 
enforced by proximity graph based movement control.  

Our proposed set of algorithms does exhibit desirable properties in deployment and works well in 
real practical scenario with multiple moving targets and multiple obstacles of irregular shape as well. The 
case of sensor heterogeneity, an important part of real sensor deployment scenario is also considered. Each 
algorithm is compared with the algorithms presented in the existing literature and the superiority of these set 
of algorithms is demonstrated by extensive simulations. Sensors could even find their paths in placing 
themselves to ensure coverage even in the most awkward locations in the presence of very irregular shaped 
obstacles placed in difficult relative arrangements and positions.  

 
Keywords: Coverage, Connectivity, Deployment strategy, Mobile sensor network, Particle swarm 
optimization, Relative neighborhood graph, Urquhart graph, Virtual force, Wireless sensor network. 
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With the advancement in fabrication technology, multiple digital cores are getting integrated on a 

single die, leading to multiprocessor system-on-chip (MPSoCs). Data sharing among the digital cores in the 
MPSoCs through Networks-on-chip (NoC) are becoming popular as it provides scalability, flexibility and 
high throughput. The performance of NoC is highly dependent on the characteristic of the global 
interconnects realizing the NoC. As the global interconnects are lossy links, it is a challenge to transmit high 
speed data efficiently across them. For energy efficient high speed data communication, full swing signaling 
across the segmented interconnects with repeaters is getting replaced by low swing signaling across 
repeaterless single interconnect. 

In this thesis, we have proposed a number of energy efficient transceivers for high speed data 
communication across the repeaterless on-chip interconnect. All these transceivers are meant for current-
mode signaling scheme which is known to be a power efficient signaling scheme. A common feature of these 
transceivers is that the input impedance of the receiver is sufficiently low which helps to eliminate the 
necessity of passive terminator and thereby, reducing the overall power dissipation without sacrificing the 
data rate of the link. Firstly, a current-mode transceiver has been proposed suitable for bi-directional half-
duplex link. The proposed transceiver can either be set as a transmitter or receiver. Secondly, a new 
transceiver architecture has been proposed for simultaneously transmitting and receiving data over the same 
interconnect i.e. for full-duplex link. The transceiver has a special directional inverter buffer circuit to achieve 
full duplex signaling. This improves the energy efficiency of the link by a factor of ten. Thirdly, an energy 
efficient current-mode tri-line transceiver has been proposed for coded differential signaling. Compared to 
an existing technique using resistive terminated receiver, it has 2.4 times better power efficiency. An 
encoding scheme compatible with the proposed transceiver has also been proposed to enhance the wire 
efficiency further. And lastly, we propose to use a hybrid architecture suitable for multipoint-to-multipoint 
signaling which uses both voltage mode and current-mode receivers to enhance the overall efficiency. In 
addition, an energy efficient hybrid transceiver suitable for this hybrid architecture has been proposed.  

These transceivers have been designed in 0.18 μm, 1.8 V CMOS UMC process.Except the first one, 
all the proposed transceiver circuits along with their respective interconnects have been fabricated for the 
validation of the concepts. Measured results of the implemented prototype have been provided in this thesis. 

 
Keywords: On-chip interconnect, global interconnect, high speed link, serial communication, network-on-
chip, current-mode, bidirectional, full-duplex, coded differential. 
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The rapid development of medical imaging has transformed the modern healthcare. These high 

resolution images occupy enormous memory space for storage and require high channel bandwidth for 
transmission. The JPEG 2000 based image compression system is adopted to compress an image without 
degrading the image quality. A completely hardware based JPEG 2000 image compression / decompression 
system is in the process of development at VLSI CAD Laboratory, IIT Kharagpur and the author has 
developed the image decoding modules which form a part of the overall system. The Discrete Wavelet 
Transform (DWT)/Inverse Discrete Wavelet Transform (IDWT) and embedded block coding/decoding 
algorithms are the essential components of the JPEG 2000 encoder /decoder system. The computational 
complexity of the block coding/decoding algorithm is more and consumes 53% of the total computation time. 
The hardware accelerator for Block Coder/Decoder is essential to speed up the overall encoding/decoding 
process. For this purpose, a high throughput pass parallel Block Decoder (BD) architecture is proposed and 
implemented. The BD can decode an average of 1.4 bits per clock cycle. To avoid unnecessary read and write 
data in the state memories, an efficient memory arrangement technique is proposed. In pass parallel mode, 
registers and states of the Arithmetic Decoder (AD) are initialized at the beginning of each coding pass and 
take few clock cycles. This work presents a selective byte input technique which can load a single or double 
byte in a clock cycle to avoid stalling during initialization. The Figure of Merit, which is defined as the ratio 
of throughput and hardware cost, of the proposed architecture is more than that of the available BD 
architectures. A VLSI architecture for lifting based combined lossy (9/7) and lossless (5/3) IDWT is 
presented, which has critical path of an adder delay (Ta). The on-chip memory requirements of the proposed 
IDWT architecture are 5N and 3N (both having word length of 17 bits) respectively for an N×N image, which 
are lower than that of the available line based architectures. Additionally, a dead-zone scalar dequantizer is 
adopted in this work to reconstruct the DWT coefficients at the lossy mode of image compression. The 
interface between BD and IDWT modules is a challenging job due to the differences in input data format of 
the two blocks. The proposed back-end system of the JPEG 2000 decoder integrate BD, dequantizer and 
IDWT modules in a single framework.  

 
Keywords: JPEG 2000, Lifting-based IDWT, Block Decoder, Bit-Plane Decoder, MQ Decoder, 
Dequantizer, VLSI Architecture, FPGA. 
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The rapid outbreak of Diabetes is now considered to be a pandemic disease. There is no such 
permanent cure for diabetes as of now, but continuous monitoring of blood glucose can control it. Currently, 
available blood glucose meters are invasive, painful, costly and unable to perform repeated measurements. 
Painless, sample-free, low-cost, continuous, and non-invasive blood glucose measurement is the possible way 
out to combat this unrelenting disease. Photoacoustic Spectroscopy is selected for investigation, which 
involves excitation of the tissue media by intense optical radiation, whose absorption by the glucose molecule 
is followed by heat release due to non-radiative relaxation. The heat released causes thermoelastic expansion 
of the medium leading to the generation of a pressure wave which is proportional to the amount of optical 
absorption by the concentration of glucose molecule. This dissertation proposes a low cost reconfigurable 
embedded back-end architecture for high-speed data acquisition, noise cleaning and real-time display for a 
photoacoustic (PA) based continuous Non-invasive Blood Glucose Measurement (NBGM) system to combat 
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deadly Diabetes. The signal to noise ratio (SNR) improvement of repeated photoacoustic waveforms is 
accomplished by the coherent averaging with trigger unit added as intellectual property (IP) core to the 
embedded back-end. The maximum sampling speed of the analog to digital converter (ADC) AD9265 
interfaced with the embedded system is 125 MSPS which supports digitization of the signal in real-time. The 
architecture for embedded back-end has been implemented using XC2VP-30-7FF896VIRTEX-II PRO 
device, and the result of the proposed architecture is displayed on LCD in real-time. 

Prediction of blood glucose from the turbid blood in the human body is a challenging task to perform. 
To make the system more robust, a futuristic PA imaging system is being developed which can be used for 
better diagnosis. PA imaging is also suitable for detecting endogenous chromophores such as hemoglobin, 
lipid, and melanin. The generated image using PA technique suffers a lot from impulse noise. A Real Time 
Impulse Noise Removal (RTINR) algorithm and its hardware architecture are proposed for denoising of PA 
images corrupted with fixed valued impulse noise. In the proposed RTINR, the corrupted pixel is first 
detected and restored to either the median or previous pixel value depending on the number of corrupted pixel 
in the current processing window throughout the image. The hardware complexity of RTINR is significantly 
lower as it requires 21 comparators, 4 adders, and 2 memory line buffers which, in turn, improve execution 
time. MATLAB simulation of RTINR algorithm results in better visual quality and superior quantitative 
performance in comparison to different denoising schemes based on the following parameters: PSNR, IEF, 
MSE, EKI, SSIM, and FOM evaluated using gray images of size 512 × 512. The reported maximum post 
place and route frequency of 360.88 MHz is achieved by hardware simulation of proposed RTINR 
architecture using VIRTEX7 FPGA device. Therefore, RTINR is capable of denoising images of size 512 × 
512 at 686 frames per second (fps). The architecture has also been synthesized using UMC 90 nm technology 
where 103 mW power is consumed at a clock frequency of 100 MHz with the gate count of 2.3K (NAND2) 
including two memory buffers. 

 
Keywords: Diabetes, Photoacoustics, Pulsed Photoacoustic Spectroscopy, coherent averaging, continuous 
non-invasive blood glucose monitor, embedded system, photoacoustic signal, SNR, impulse noise, image 
denoising, image quality, PSNR, field programmable gate array. 

 
 

DESIGN OF CMOS BULK MICROMACHINED THERMAL 
ACCELEROMETER FOR HIGHER SENSITIVITY 

 
Rahul Mukherjee 

Supervisors: Prof. Pradip Mandal and Dr. Prasanta Kumar Guha 
Department of Electronics and Elec. Comm. Engineering 

Accession No.: NB16046 
 

Accelerometer is a device, which measures acceleration of a moving or vibrating system. 
Accelerometers are widely used in different fields, such as in automotive industry, robotics, aerospace, 
electronic gadgets etc. Micromachining technology offers a reliable platform to develop accelerometers 
having small size at low cost. However, the integration of MEMS (Micro Electro Mechanical Systems) based 
sensor with a CMOS (Complementary Metal Oxide Semiconductor) signal conditioning circuit is a 
challenging task. On the other hand, the sensors developed on CMOS-MEMS process have many advantages, 
namely, better signal processing, low cost, reliable performance due to batch fabrication and packaging of 
the die. Accelerometers usually use proof mass to detect the acceleration. The proof mass creates instability 
and reduces shock survival rating. Moreover, it also increases the fabrication cost. These problems do not 
exist for thermal accelerometer, which has no solid proof mass. In this accelerometer, a heated gas bubble 
acts as the proof mass. However, the major limitation of thermal accelerometers (particularly which are 
realized using CMOS platform) is its low sensitivity due to limited on-die cavity size and low thermal 
sensitivity of the available temperature sensor material.  
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The objective of this research work is to improve the sensitivity of dual axis thermal accelerometer 
in CMOS-MEMS platform. We have started our experiment by predicting the temperature profile of a 
simplified spherical thermal accelerometer using governing equations. The governing equations based 
temperature profile has been compared with that obtained by using commercially available numerical 
simulation tool. Though, the temperature profile of such simple structures can be analyzed by the governing 
equations, it is difficult to perform the same for a practical device. Hence, few case studies have been carried 
out using the numerical simulator to observe the effect of different parameters of thermal accelerometer such 
as, cavity size, heater shape and size, cavity depth and temperature sensor position. To improve the sensitivity 
of thermal accelerometer, two heater structures namely, square ring shaped and cross shaped heaters have 
been proposed. For demonstration, we have designed two accelerometers having square ring shaped and cross 
shaped heaters with 1mm×1mm cavity size in a CMOS-MEMS process. The sensitivity of square ring shaped 
and cross shaped heaters are 0.335 K/g and 0.36 K/g, respectively with the heater temperature of 600 K. The 
sensitivity of the thermal accelerometer has been further improved by two new cavity structures namely, 
multi-cavity and cavity with silicon islands. In the proposed cavity structures, the sensitivity for multi-cavity 
and cavity with silicon islands are 0.373 K/g and 0.725 K/g, respectively. The sensitivity achieved by 
proposed heater and cavity structures is higher than the thermal accelerometer structures reported in the 
literature. The proposed heater and cavity structures have been designed according to the design and process 
rules of CMOS foundry. The test chip containing different accelerometer architecture has been fabricated 
from the commercial foundry. However, the condition of the dies in the cavity region has been found to be 
not good. Standalone testing of the circuits has been carried out. We believe that, this research work would 
lead to a high sensitivity, low power dual axis thermal accelerometer.  

Keywords: Thermal accelerometer, Thermal accelerometer on CMOS-MEMS platform, Heater structure, 
Cavity structure. 
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Registration is the determination of a geometrical transformation that aligns points in one view of 

an object with their corresponding points in another view of that object or another object. It has a diverse 
range of field in the research community including science, engineering, robotics, computer vision, and image 
processing. Within these major fields of registration, it has some specific applications in the areas such as 
stereo vision, remote sensing, image stabilization, video/image compression and coding, tracking, video 
microscopy, pattern recognition and of course medical imaging. Accurate image registration enhances 
diagnoses of patients, accounts for changes in morphology of structures over time, and even combines images 
from different modalities. Our goal is to create a robust, real time, registration solution that may be used on 
many modalities. To tackle such a computationally intensive and multifaceted problem, at the different levels 
of the algorithm parallelism has been explored to improve the performance and it has been implemented in 
the hardware. Hardware based solution for image processing applications is required for high speed portable 
multimedia devices. 

To speed up the image registration process, the sub-processes: (parameter computation, 
transformation, and similarity measure) are needed to speed up. These sub-processes occur iteratively during 
image registration process. A new method for parameter computation has been developed. The proposed 
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method for computing parameters addresses the issue of the oversampling problem near the image center that 
occurs during the computation of angular and radial projections which affect the speed of the image 
registration process. The proposed method computes angular projection considering samples adaptively 
without converting images in polar coordinate. A LUT based high speed Affine transform algorithm is 
proposed and its parallel and pipelined architecture implementation is described. This algorithm can rotate 
the image by any angle. It traverses only one fourth of pixel locations of the image to obtain the transformation 
of complete image. Computation of MI, required for similarity measurement, has also been sped up by 
accelerating histogram computation. An efficient non-rigid registration algorithm based on Demons approach 
is also presented in this thesis addressing the issue of aperture and occlusion problems which limit the 
accuracy of the registered image. An Affine transform based motion estimation algorithm has been proposed 
which reduces complexity for computing the Affine parameters by taking a constant matrix during 
computation of the Affine parameters. 

 
Keywords: Hardware, FPGA, Parallel Processing, Image Registration, Angular Projection, Radial 
Projection, Demons Algorithm, Affine Transformation. 
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The on-going demand of real-time video applications has put forward new challenges in the domain 
of video coding. One of them has been the efficient design of motion estimation (ME) unit that plays a 
significant role by exploiting and reducing the temporal redundancies that exist between consecutive frames 
in a sequence. The widely accepted Block Matching Algorithms (BMAs) provide simple and efficient ways 
to perform ME and have been adopted in current video coding standards. Therefore, the present work focuses 
on design and development of VLSI architectures for fast iterative and adaptive BMAs for motion estimation 
that are characterized by high speed and low area making them suitable for real-time video processing. 
Designs of low area architectures for popular Hexagonal Search and Adaptive Rood Pattern Search have been 
proposed. The proposed addressing mechanism and use of minimum number of processing elements 
contribute to the lowering of the on-chip area. Moreover, the current work has introduced efficient ME 
architectures for adaptive ME algorithms that involves reasonably limited on-chip area without 
compromising the real-time speed for transmitting High Definition videos. The proposed designs can tackle 
the adaptive nature of the algorithms and introduce efficient pattern generation scheme with an early SAD 
check technique to save the clock cycles. A new adaptive search algorithm for fast motion estimation and its 
dedicated VLSI architecture have also been developed. The competence of the algorithm lies in its efficiency 
to deal with large and small motion without going into any statistical computations and reduces the average 
number of search points per macroblock. Finally, the work presents an iterative and adaptive search strategy 
and a novel systolic array based architecture for the computation of fractional motion estimation, in addition 
to performing integer search. The work explores the inter level architecture that can adapt to multiple search 
strategies and perform a half-pixel resolution search. All the proposed architectures have been synthesized 
and analyzed for maximum operating frequencies, area utilization and power in FPGA platform. 
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The most of today’s portable, low power electronic systems are powered by single rechargeable 
batteries. So, it is absolutely essential to use DC-DC converters for processing a wide range of unregulated 
supply from the battery before it can be applied to the system core. The converter may also have to provide 
multiple supply voltages required by different circuits in the system. It is also preferred to integrate the 
converter with the application circuits, on the chip for having a compact System-on-Chip solution. In this 
dissertation, three integrated DC-DC converters using inductor and switched-capacitor topologies, suitable 
for battery-operated, low power applications have been presented. 

The first converter presented in this work is an inductor based, integrated, high frequency boost 
converter. The salient feature of the converter is very small output ripple which makes it suitable for analog 
applications sensitive to supply noise. Architecturally, it consists of a conventional boost converter followed 
by an L-C filter which has been realized using package bondwire inductance and on-chip capacitance. The 
converter uses very small value (20 nH) of power inductance intended for charge sharing from the input to 
the output. Total capacitance used in the design is 1.08 nF which is fully-integrated. The converter produces 
a regulated 3.2 V output from an input voltage ranging from 1.2 V to 2.7 V. The measured ripple of the 
converter is 0.62% of the output voltage. This achieved ripple performance is 6× better compared to that of 
the existing integrated converters. The second converter presented in this work is a switched-capacitor based, 
fully integrated, time-interleaved step-down converter with ideal conversion ratio equals to 1/2. 

All the switches in the converter have been implemented by normal transistor driven by clocks with 
optimum voltage swing exhibiting good performance trade-off. The clocks are generated by a proposed clock 
generation architecture working on the principle of current sharing among circuit stacks improving the overall 
efficiency further. Moreover, the architecture produces a set of strictly aligned clock phases needed for an 
existing power-efficient switching scheme called NRTI. The step-down converter uses only 0.66 nF flying 
capacitance to generate 1.45 V output from 3.5 V input supply while delivering 53.7 mA output current at 
71.2% efficiency. The designed converter, in comparison with the existing works, shows better trade-off 
between efficiency and driving capability per unit capacitance. 

The third converter presented in this work is a hybrid of the inductor based boost converter and the 
switched-capacitor based step-down converter. The hybrid architecture is an area-efficient approach of 
generating two regulated outputs from a single input. In this architecture, the boost converter is responsible 
for the desired line regulation. On the other hand, the step-down converter, which is supplied by the boost 
converter, is able to work with a fixed input voltage and hence, at maximum possible efficiency. The 
maximum combined efficiency of the hybrid converter is 77% for 2.7 V input, 33.8 mA of boost load and 
14.6 mA of step-down converter load. To the best of the author’s knowledge, this is the first attempt to 
combine the two different classes of switching converters in a composite unit within an integrated package. 

 
Keywords: Boost, bondwire, switched-capacitor, time-interleaving, ripple, multi-output 
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The thesis deals with development of a fast imaging technique for the interpretation of very low 
frequency electromagnetic data. Further, development is also made to enhance the quality of the resistivity 
image using cooperative and joint inversion for electrical and plane wave electromagnetic data. First, a fast 
imaging technique was developed for interpretation of very low frequency electromagnetic data. The results 
of the presented approach were compared with different qualitative and quantitative interpretation 
approaches. The results of the presented approach were closer to the results of rigorous resistivity inversion 
(which is the best); they were improved with respect to the images obtained using filtering techniques. As for 
as computation time is concerned, the presented approach is very fast due to the analytical expression used 
in comparison to resistivity imaging using numerical techniques. Second, the developed imaging technique 
was generalized for data measured over variable topography. To depict the topography accurately, octree 
mesh discretization was incorporated. The conjugate gradient method was utilized to reduce the computation 
time and memory. Synthetic and field data with and without topography were interpreted to assess the 
suitability of the developed approach. Third, an inversion technique (termed “fuzzy cooperative resistivity 
tomography”) was developed to enhance the resistivity image using cooperative inversion by utilizing fuzzy 
c means clustering. Two additional second types of observed input data were utilized to enhance the quality 
of the imaging. The presented inversion algorithm optimizes the resistivity distribution and geologic 
separation results simultaneously so that no post-inversion step will be needed since the recovered resistivity 
model is guided by additional a priori parametric information. Thus, recovered resistivity model is found to 
be more reliable than the recovered resistivity model obtained from the conventional inversion technique 
which only satisfies the fitting between observed data. The algorithm was tested on various synthetic and 
field data sets. Lastly, a joint clustering inversion algorithm of direct current resistivity and gravity data was 
developed to enhance the quality of resistivity imaging with application to mineral exploration. A fuzzy c 
means clustering procedure was used to establish the relationship between density and resistivity. The results 
showed that jointly inverted resistivity and density images were better compared to individual inverted 
models. 

 
Keywords: Electrical and electromagnetic methods; Resistivity; Inversion; Cooperative and joint inversion; 
Fuzzy c means clustering; geologic units. 
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The Proterozoic Cuddapah basin in southern India holds high potential for unconformity-related U-
mineralization. Huge reserves of low-grade stratabound dolostone-hosted U-mineralization have been 
established in the Vempalle Limestone of the Lower Cuddapah Supergroup at Tummalapalle in the southern 
Cuddapah basin. In the northern Cuddapah basin U-mineralizations occur in the Srisailam Quartzite of the 
Upper Cuddapah Supergroup and Banganapalle Quartzite of the Kurnool Group. This study is an attempt to 
explore the commonality, if any, between the U-mineralizations of the southern and northern Cuddapah basin 
through detailed petrography, geochemistry and, dating of uraninite, monazite and zircon at and around 
Koppunuru in the Palnad sub-basin.  
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The mineralization is predominantly chemically precipitated uraninite/pitchblende associated with 
co-precipitated sericite, quartz and pyrite, hosted in gritty quartzite. However, crosscutting brannerite veins, 
coffinite and later uraninite replacing pyrite, and formation of rhabdophane after zircon and apatite reveal 
considerable remobilization of U. Uraninite ages indicate >1.99 Ga age for the gritty quartzite, consistent 
with the discovery of siliceous stromatolites in it. Zircon U-Pb isotope ages suggest that the gritty quartzite 
was most probably deposited between 2.12 and 2.53 Ga. The Kurnool Group of rocks overlying the gritty 
quartzite is most likely younger than 708 Ma, the oldest age obtained for the rhabdophanes, indicating the 
presence of an unconformity between the two.  

High LREE concentrations comparable to that in altered zircon and high Zr (~1.5 wt. %) in the 
uraninite, suggest that zircon was the probable source of U for mineralization. However, comparison with the 
expected Nb-U and Nb-Th trends it is revealed that both U and Th are enriched in the altered zones within 
zircon. Thus U, Th and LREEs were delivered to the altered zircon by the mineralizing fluid. The strong 
enrichment of the altered zircon zones in LREEs is consistent with these elements being derived from the 
altered monazites. Results of experiments on baddeleyite-solubility in Na- and Si-bearing solutions, 
combined with albitization of K-feldspar observed in the basement granite, suggest that K-zirconosilicate 
complexes were responsible for the transport of Zr and U. The mineralization was effected through 
microbially induced decomplexation reactions resulting in the deposition of sericite + quartz + 
uraninite/pitchblende.  

The previously unrecognized contemporaneity of U-mineralizations in the southern and northern 
Cuddapah basin suggests that the U in the dolostone at Tummalapalle would have been remobilized from the 
stromatolite-building microbes assisted U-mineralization in the Gulcheru Quartzite. Thus the primary U-
mineralization in the entire Cuddapah basin may have been syngenetic stratabound type deposited by active 
microbial mediation.  

 
Keywords: siliceous stromatolite, uraninite, zircon, alkali-zirconosilicate complex, gritty quartzite 
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Behavior of a rock mass is chiefly controlled by sliding on the discontinuities particularly at shallow 

depth where contact planes of a natural unfilled rock discontinuity often portray dissimilar roughness 
characteristics. Some researchers investigated shear behavior of un-matching discontinuities through 
laboratory experiments using mimicked/replica discontinuities. However, the investigation of ‘real’ natural 
rock discontinuities with un-matching contact planes, frequently observed at shallow depth, does not seem to 
have gained much attention. With a due need, this study first compared shear behavior of ‘real’ natural 
discontinuities of three distinct rock types (i.e., granite, quartzite and sandstone) from India and their replicas, 
based on laboratory investigations. Subsequently, shear behavior of ‘real’ natural un-matching discontinuities 
of these three rocks was explored in detail under constant normal load condition. The study also evaluated 
the efficacy of the criteria existing in the literature in estimating shear strength of the concerned ‘real’ natural 
rock discontinuities.  

A total of 15 rock samples with ‘real’ natural discontinuities and their replicas were compared one 
to one at three increasing normal stresses within a range of 0.22-0.71 MPa. Shear behavioral patterns, peak 
shear strengths and peak shear displacements of the investigated natural rock discontinuities show 
considerable dissimilarity compared to those of their replicas. In case of granite and quartzite specimens, the 
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contribution of roughness component towards peak friction angle is greater than that of their replicas. In case 
of sandstone specimens, unlike granite and quartzite specimens, the contribution of the roughness component 
towards peak friction angle is, in general, almost similar to that of their replicas.  

In order to understand the shear behavior of ‘real’ natural rock discontinuities with reference to 
surface morphology, direct shear tests were performed on 53 encapsulated rock samples. A total of 193 direct 
shear tests were performed in this regard. Influence of surface morphology on shear behavior, shear stress 
fluctuations over displacement, variation of joint roughness coefficients with the increase in normal stresses 
and observations on peak friction angle were critically analyzed. Influence of cycles of shearing on peak 
shear strength was also examined. Most of the obtained behavioral patterns look different from typical shear 
stress-shear displacement graphs in the literature that are based on direct shear test results of matching planes 
of contact of a rock discontinuity. Plausible reasons behind the uniqueness of the results were explained.  

In order to appraise the efficacy of the existing criteria in estimating shear strength of ‘real’ natural 
rock discontinuities, a total of 196 shear strength data determined through laboratory investigation was 
compared with the shear strength estimated by different shear strength criteria (i.e. Barton, 1973; Aydan, 
1996; Tatone and Grasselli, 2009; Ghazvinian et al., 2012; Lee et al., 2014; Tang et al., 2014; Xia et al., 2014; 
Jang and Jang, 2015; Kumar and Verma, 2016; Yang et al., 2016 and Zhang et al., 2016 models) shortlisted 
based on their simplicity in calculating the input parameters. It was found that the prediction efficiency of a 
particular shear strength criterion differs with the change in rock type. Criteria proposed by Yang et al. (2016) 
and Xia et al. (2014) were found to be the most efficient in estimating peak shear strength of the concerned 
rock discontinuities.  

 
Keywords: Granite, Quartzite, Sandstone, Joint and bedding plane, Discontinuity-replica, Direct shear test, 
Constant normal load, Shear behavior, Surface roughness component, Peak friction angle, Shear strength 
criteria 
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The incidents of earthquake in the Darjeeling-Sikkim Himalaya are broadly associated with the 
collision tectonics between the Indian plate and the Eurasian plate to the north and the Indo-Myanmar range 
to the east. Therefore, a new perspective of multi-criteria holistic seismic hazard, vulnerability and risk 
aspects of Darjeeling-Sikkim Himalaya have been presented. A synoptic Probabilistic Seismic Hazard model 
of Darjeeling-Sikkim region is generated for 10% probability of exceedance in 50 years at surface level using 
layered polygonal seismogenic sources, active tectonic sources, smoothen gridded seismicity, seismicity 
parameters and site specific Next Generation Attenuation models through a logic tree framework. The 
estimated surface consistent Peak Ground Acceleration (PGA) is seen to vary from 0.260 to 0.861g in the 
terrain. Seismic microzonation undertaken to assess the likely effects of earthquakes as site specific 
implications by integrating Geohazard and Seismological hazard themes, namely Geology, Geomorphology, 
NEHRP Site classes, Landslide Density, Topographic Position Index based Landform Classes, and PGA with 
10% probability of exceedance in 50 years at surface level in a fuzzy approach. The vulnerability exposures 
namely Population Density, Number of Households, Landuse/Landcover, Building Types, Height, Age and 
Density have been integrated with the Seismic Hazard Microzonation theme to model Seismic Socio-
economic and Structural Risk in the Darjeeling-Sikkim Himalaya. The estimated Probabilistic Seismic 
Hazard Microzonation and Risk are expected to play pivotal roles in the earthquake inflicted disaster 
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mitigation and management of the Darjeeling-Sikkim region with better pre-disaster prevention, preparedness 
and post-disaster rescue, relief and rehabilitation.  

 
Keywords: Probabilistic Seismic Hazard, Seismic Microzonation, Vulnerability, Risk, Darjeeling-Sikkim 
Himalaya. 
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The basement (i.e., Mangalwar Complex: MC) rocks, now comprising metasedimentary rocks, of 
the Samarkiya area experienced its first middle amphibolite facies metamorphism (M1) at ~1.82 Ga, 
manifesting amalgamation of the Columbia supercontinent in the Aravalli-Delhi Fold Belt (ADFB). This was 
followed by sedimentation of the supracrustal rocks (i.e., Pur-Banera: PB) on the basement MC. 
Subsequently, both the rock suites underwent isothermal-loading and successive loading-heating at mid 
crustal levels under upper amphibolite facies condition, during the next metamorphic event (M2) at 1.37–1.35 
Ga, wherein the PB rocks underwent its first cycle of metamorphism. This M2 event marks a collisional 
episode related to the final break-up of the Columbia supercontinent in the ADFB. Further, rocks of both the 
MC and the PB underwent their last phase of amphibolite facies metamorphism (M3) at ~1.05-0.99 Ga, as a 
consequence of the Grenvillian orogeny, during amalgamation of the Rodinia supercontinent in the ADFB. 

Texturally constrained uraninites from both the rock suites reveal, in addition to an older event at 
~1.88 Ga from the basement, two major episodes of uraninite formation during ~1.24–1.20 Ga and ~1.01–
0.96 Ga. Although none of the pristine/unaltered uraninites that formed during the above mentioned events 
contain significant amount of minor (Si, Ca, Fe, Na, K, and Al) or rare earth elements (REE), the basement 
uraninites are invariably enriched in Th compared to those from the supracrustals. This indicates that the 
pristine uraninites in the basement formed from a high temperature magmatic/metamorphic fluid, whereas 
those in the supracrustal precipitated from a low temperature, presumably oxidized fluid. Further, uraninite  
from both the rock suites demonstrate subsequent fluid-mediated alteration, following the major mineralizing 
event at ~1.24–1.20 Ga, which resulted ΣREE+Y- and Si (Ca)-enrichment in the ~1.24–1.20 Ga uraninites 
within the rocks of the basement and the supracrustal, respectively. This event possibly occurred between the 
second and third stages of uranium mineralization/mobilization (i.e., ~1.20 Ga and ~1.01 Ga, respectively). 
Major and trace element geochemistry of alteration halos in the basement reveals sequential influx of 
hydrothermal fluids, associated with K+ →LREE →H+ metasomatism, following the formation of uraninite, 
under near surface low-T (≤150 °C) conditions. 

The first stage of uranium mineralization in the basement at ~1.88 Ga is associated broadly with the 
first Paleoproterozoic (~1.82 Ga) tectono-metamorphic event (M1) in the area. Similarly, the last episode of 
uranium mineralization (i.e.,~1.01–0.96 Ga) in both the rocks is linked to the pervasive Neoproterozoic 
(~1.05-0.99 Ga) tectono-metamorphic event (M3), which affected perhaps the entire ADFB during the  
amalgamation of the Rodinia supercontinent. The second and the major phase of uranium mineralization 
during the Mesoproterozoic (~1.24–1.20 Ga) is inferred to be associated with a post-peak metamorphic (of 
the M2 event at ~1.37–1.35 Ga) hydrothermal event or even with a hitherto unknown new metamorphic event. 
The uranium mineralization in the Samarkiya exhibits a secular synchronicity with the evolving tectono-
metamorphic stages, endorsing a metamorphic-hydrothermal model of uranium mineralization in the area. 
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Kolkata lies on the Pericratonic Tertiary Bengal basin and faces constant seismic threat from the 

Central Himalaya, Northeast India and Bengal Basin. The City is overlain by ~7.5 km thick fluviomarine 
sediments of Ganga-Brahmaputra-Meghna delta which causes amplification of ground motion fundamentally 
due to impedance contrast between the sediments and the underlying bedrock. This necessitates site response 
study of the City, and incorporation of the same in earthquake hazard mapping. In view of this, geophysical 
and geotechnical investigations viz. Microtremor Survey, Multi-channel Analysis of Surface Wave Survey, 
Downhole Seismic Refraction Survey, and Standard Penetration Test have been carried out in the City at 654 
locations. Site Classification of the City has been performed based on effective shear wave velocity (Vs

30), 
delineating site class D3 (Vs

30:300-360 m/s), D2 (Vs
30:300-240 m/s), D1 (Vs

30:180-240 m/s), and E (Vs
30<180 

m/s) in the terrain. Predominant frequency has been assessed from Horizontal-to-Vertical spectral ratio 
computed at each Microtremor Survey site. Using the input time series obtained from stochastic simulation 
of both near-and-far source earthquakes at engineering bedrock and 5% damping for all soil types, both 
predominant frequency and site response have been estimated through geotechnical analyses. Predominant 
frequency in Kolkata is seen to vary between 0.67-4.42 Hz while the site amplification is seen to vary between 
6.1-2.8. Owing to the presence of potentially liquefiable sediments in the shallow groundwater condition, 
liquefaction susceptibility analysis has been performed by considering 1897 Shillong and 1934 Bihar-Nepal 
earthquakes of Mw 8.1. Additionally, a deterministic liquefaction scenario has also been proposed in 
compliance with the probabilistic seismic hazard model at surface level for 10% probability of exceedance 
in 50 years. An integrated seismic hazard zonation map of Kolkata has been produced by integrating 
seismological, geological, geotechnical and geophysical information through Analytical Hierarchical process 
dividing the City into four hazard zones viz. Low, Moderate, High, and Severe. The results of this 
investigation are expected to play pivotal roles in earthquake-related disaster mitigation and management of 
the city of Kolkata. 

 
Keywords: Kolkata, Bengal Basin, Effective shear wave velocity, Predominant frequency, Site response, 
Soil liquefaction. 
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Radial basis functions (RBFs) have become a vital tool for multivariate interpolation and meshless 

methods due to their ability to handle arbitrarily scattered data, straightforward generalization in higher 
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dimensions, and spectral convergence. Using RBFs in interpolation and meshless methods, however, often 
leads to solving an ill-conditioned system of linear equations, which has been a crucial concern in past two 
decades. As an alternative approach for circumventing the above-mentioned ill-conditioning problem, in this 
dissertation, a novel radial basis function has been proposed through the hybridization between an infinitely 
smooth Gaussian kernel and a piecewise smooth cubic kernel. In order to select the ‘optimal’ values of the 
shape parameter of the Gaussian kernel and the weights controlling the Gaussian and the cubic part in the 
hybrid kernel, an algorithm using global particle swarm optimization has been proposed. Through a series of 
numerical tests with synthetic as well as real data, it has been demonstrated that such hybridization stabilizes 
the interpolation scheme by yielding a superior implementation compared to those obtained by using only 
the Gaussian or cubic kernels. Further, the hybrid RBF was used to develop an improved version of a global 
meshless method viz. radial basis-pseudospectral method (RBF-PS). It was observed that the proposed 
approach significantly reduces the ill-conditioning problem in the RBF-PS method, and at the same time, it 
preserves the stability and accuracy at small shape parameters. Further, the hybrid RBF was used to develop 
a local meshless method viz. radial basis-finite difference method (RBF-FD). The improved RBF-FD 
approach was further used to develop a general purpose 2D Helmholtz solver, which did not have ‘pollution-
effect’ and worked effectively at all wavenumbers. The developed Helmholtz solver was used for numerical 
solution of frequency-domain acoustic wave equation coupled with absorbing boundary conditions and 
compared with the standard FD methods. Since the hybrid kernel provides a well-conditioned formulation in 
the RBF-direct framework, its computational time is significantly less than the available ‘stable’ approaches. 
The algorithms and results presented in this thesis can further be utilized to develop efficient numerical 
modeling tools in computational geoscience as well as in other fields.  

Keywords: Radial basis functions; ill-conditioning; scattered data interpolation; Meshless Methods; 
Computational wave propagation; 

 
 

NEOGENE PALEOCLIMATIC AND PALEOCEANOGRAPHIC 
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Many significant climatic, tectonic and biotic changes characterize the Neogene period, which 

shaped the modern Earth. The phased uplift of the Himalaya and Tibet, which led to initiation/intensification 
of the Indian monsoon is one such event. The Indian monsoon is one of the most compelling tropical features 
marked by seasonally reversing wind system with southwesterly winds in summer (June-September) and 
northeasterly winds in winter (December-February). The monsoon driven primary productivity changes are 
observed in the Arabian Sea. The Indian summer monsoon (ISM) plays an important role in the socio 
economic conditions of the south Asian countries. The ISM causes an ocean upwelling that affects primary 
productivity in the Arabian Sea and also the fauna and flora on land. The effect of Indian monsoon variability 
and Himalayan uplift can be seen in numerous proxy records across the region. The Arabian Sea is one of the 
most productive regions in the world, and it is used as natural laboratory to carry out paleoclimatic studies 
on marine sediments. Multiproxy studies such as planktic/benthic foraminifera, stable isotopes and elemental 
geochemistry have been carried out over the last three decades to understand ISM evolution, variability and 
its relation to Himalayan tectonics. The present research work is focused towards understanding of Indian 
monsoon variability, evolution of wind system, ocean upwelling history, paleoproductivity and weathering 
records during the Neogene. In this study new data sets with high resolution and longer record of planktic 
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foraminiferal abundances, Total organic carbon (TOC wt.%) and major and trace elemental variations in 
deep-sea sediments has used as multi-proxy records from Ocean Drilling Program (ODP) Hole 722B, Leg 
117, Owen Ridge (northwestern Arabian Sea; water depth 2028m depth) to address the above (mentioned) 
issues.  

Paleoclimatically and paleoceanographycally important planktic foraminiferal species such as 
upwelling indicators Globigerina bulloides, Globigerinita glutinata, mixed layer species (MLS) 
Globigerinoides ruber, Globigerinoides sacculifer, Globigerinoides obliquus, Globigerinoides extremus, and 
thermocline species Globorotalia menardii and Neogloboquadrina dutertrei have been studied to understand 
the Indian monsoon variability during the Neogene. The planktic foraminiferal census counts were carried 
on >150μm size fraction. At least 300 specimens were picked, identified and counted from the residues. The 
relative abundance of open-ocean upwelling species G. glutinata, increased during ~9.23 – 7.7 Ma. Decrease 
in G. bulloides abundance and increase in TOC wt.% during late Miocene cooling (~7.7 to 6 Ma) and 
indicates that the SW monsoon decreased and the NE monsoon strengthened. The G. bulloides population 
increased from 5.6 to 3.6 Ma, indicating enhanced coastal upwelling. A significant drop in G. bulloides and 
TOC wt.% increased from 3.5 to 1.8 Ma indicates reduced coastal upwelling linked to northern hemisphere 
glaciation and a weaken summer monsoon and strengthening winter monsoon. An abrupt change occurred 
during the late Quaternary (~0.07 Ma), when the abundance of both the upwelling species remarkably 
increased. Abrupt changes and dominance of the MLS occurred since ~3.5 Ma, which indicates development 
of a thick mixed layer due to deep convective mixing ~3.5 Ma onwards.  

Multi-proxy records from ODP holes in the western Arabian Sea, off Oman margin and on the Owen 
Ridge, show that G. bulloides, which is a proxy for SW monsoon, began to appear in planktic foraminiferal 
population at ~12.9 Ma and its abundance increased significantly at ~7 Ma. A significant increase in TOC 
(wt.%) and a negative shift in stable carbon isotope record of Cibicides spp. is also noted at ~ 12.9 Ma. These 
proxies indicate that the present day South Asian monsoon wind system began to develop during the late 
Middle Miocene (~ 12.9 Ma) and summer monsoon reached its full strength in the late Miocene (~ 7 Ma). 
From 11 to 7 Ma, the summer monsoon was weaker and winter monsoon was stronger.  

The geochemical records of the present study provide insights into the effects of productivity, 
paleoceanographic changes and weathering history during the Neogene. The TOC values began to increase 
at ~15.2 Ma with fluctuations ranging from 0.01 to 7.84 (wt.%). The results of lower TOC (wt.%), CaCO3 
(%) and elemental ratio suggest low productivity during the early Miocene, and cold conditions and increased 
productivity since the middle Miocene (~15.2 Ma). New records of Ba/Al, P/Al, CaCO3, Ti/Al, terrigenous 
(%), K/Al, K/Rb, and Mg/Al have been correlated together with previously published global data. The present 
study suggests that the Owen Ridge initially received huge amount of terrigenous input from the Indus River 
(23.03 to 15.2 Ma). Pelagic deposits began to influence the study site ~15.2 Ma onwards, which could be due 
to the uplift of the Owen Ridge, strengthening of the South Asian Monsoon (SAM) wind system, changes in 
the ocean circulation, and global cooling.  

 
Keywords: Neogene; Himalayan uplift; Indian monsoon; upwelling; planktic foraminifera; total organic 
carbon; major and trace elements. 
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Through this study, the author addresses two fundamental questions regarding the relationship 

between anisotropy of magnetic susceptibility (AMS), shape preferred orientation (SPO) and crystallographic 
preferred orientation (CPO) in deformed quartzites with low magnetic susceptibility; (1) whether petrofabric 
data from AMS analysis of deformed quartzites gives information about SPO or CPO of quartz?, (2) is 
magnetic anisotropy of pure/nearly-pure quartzites a good measure of the rock petrofabric? A total of 19 
quartzites with low magnetic susceptibility were chosen from Rengali (India), Naxos (Greece) and Ghatsila 
(India) regions for this study. After performing AMS analysis, electron backscatter diffraction (EBSD) 
analysis was done in thin sections prepared parallel to the K1K3 plane of the AMS ellipsoid. Results show 
that in negative susceptibility samples, quartz SPO is parallel/sub-parallel to the orientation of the magnetic 
foliation. In these samples, the orientation of quartz c-axis (easy axis of quartz) is not parallel to the longest 
axis of the AMS ellipsoid (K1 direction). The quartz c-axis tends to be sub-parallel to K1 only if quartz grains 
accommodated intracrystalline deformation by prism <c> slip. This establishes that AMS is a manifestation 
of the SPO of quartz grains and not their CPO in negative susceptibility quartzites. On the contrary in positive 
susceptibility samples, there is an obliquity between the quartz CPO, SPO and the trace of magnetic foliation, 
indicating that neither shape nor crystallography of quartz plays an important role in defining the magnetic 
fabric in them. However, it has been observed that the SPO defined by mica (biotite and muscovite) is sub-
parallel to the trace of magnetic foliation in these samples. This indicates that the magnetic fabric in positive 
susceptibility samples is controlled by SPO of mica rather than CPO/SPO of quartz. To further investigate 
the relationship between the intensity of magnetic fabric (Pj) and the intensity of the quartz SPO the author 
has quantified the SPO intensity of quartz grains by determining the concentration parameter (κq) and the 
azimuthal anisotropy of fractal dimension (AAD) of quartz. Magnitude of 2D strain (E) is also estimated for 
each sample. Based on these data the statistical relationship between the various parameters is evaluated viz. 
Pj vs. κq, Pj vs. AAD, Pj vs. E, κq vs. AAD, κq vs. E, AAD vs. E. In the case of negative susceptibility samples 
a strong linear correlation between the above relations is established. Hence it is inferred that the intensity of 
magnetic fabric is a gauge of the intensity of quartz SPO in quartzites with negative magnetic susceptibility. 
However, in positive susceptibility samples, the relationship between the intensity of AMS, SPO and strain 
is found to be poor. Hence it is inferred that in these samples, the AMS is controlled the para/ferromagnetic 
phases present in the rock. Therefore, the present study firmly establishes that (a) in quartzites with negative 
magnetic susceptibility, AMS is a useful petrofabric tool and both the direction and magnitude of AMS are a 
manifestation of the SPO of quartz grains and not their CPO, (b) magnetic fabric of positive susceptibility 
samples is defined by the orientation of para/ferromagnetic phases in them and not the quartz SPO. 

 
Keywords: Anisotropy of Magnetic Susceptibility; Shape Preferred Orientation; Crystallographic Preferred 
Orientation; Quartzite; Strain; Rengali 
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Arabian Sea is one of the higher biological productive zones in the world’s oceans, marked by 

seasonally reversing of wind system known as Indian summer monsoon (ISM) or southwest (SW) monsoon 
and winter monsoon or northeast (NE) monsoon. The ISM is a principal constituent of the Earth’s climate 
system, which plays an important role in the socio-economic life of billions of people of the Indian 
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subcontinent as well as the south Asian region. The aim of the present study is to understand centennial to 
millennial-scale changes in the paleoceanography, ISM variability, upwelling records, and paleoproductivity 
during the late Quaternary–Holocene. In this study, 500 sediment samples from cores SK291/GC15, 
SK291/GC13, and SK291/GC11, off the coast of Goa, eastern Arabian Sea, have been analyzed for benthic 
and planktic foraminifera census data, Total Organic Carbon (TOC wt.%) and stable isotopes (δ13C and δ18O). 

The results of multi-proxy data from eastern Arabian Sea (SK291/GC15) suggest that the SW 
monsoon strengthened during 5,500-5,000 and 3,000-2,700 calibrated years before present (cal yrs BP). The 
SW monsoon weakened and the NE monsoon intensified during 4,200 – 1,500 cal yr BP, and the Arabian 
Sea OMZ attained present day shape during the late Holocene. The δ18O data shows negative values with an 
average of -0.95‰ during ~5,000 cal yr BP indicating a relatively short warm and freshwater incursion in 
this region. Factor and cluster analysis of highest ranked benthic foraminiferal species of this site enabled to 
identify seven assemblages (ie. Qs-Ec, La-Rs, Ta-Ag, Up-Db, Cc-Np, Ea-Gn, and Cp-Ag), that indicates the 
mid to late Holocene was characterized by the oxygen-deficient environment with high organic productivity 
induced by monsoonal upwelling. 

The results of site SK291/GC13 suggest that the coastal water off Goa was relatively warmer and/or 
less saline and low to moderate in organic content during 6,100 to 4,600 or perhaps up to 4,200 cal yrs BP. 
The foraminiferal abundances combined with TOC (wt. %), and δ13C and δ18O values of Ammonia gaimardii 
show distinct variability, indicating changes in the paleoproductivity, oxygenation, and salinity of shallow 
waters. The δ18O record suggests that shallow eastern Arabian Sea was relatively colder and more saline 
during ~4,200 – 2,600 cal yrs BP, and it is coinciding with lower SST in the northeastern Arabian Sea and 
arid phase in the Indian subcontinent. During 2,900-2,600 cal yrs BP there are frequent short-term cold 
excursions which have earlier been observed in the northeastern Arabian Sea, off Pakistan. The changes are 
mainly driven by the monsoonal activity, except for the past ~400 yrs, which is being influenced by the 
anthropogenic activity. 

Factor and cluster analysis of highest ranked benthic foraminiferal species enabled to identify seven 
assemblages from site SK291/GC11 (Ba-Rs, Tc-Na, La-Up, Ea-Gn, Bm-Up, Cp-Ag, and Cc-Np) 
characterizing high organic productivity and low oxygen conditions during the studied interval. The present 
study suggests that prominent cold period occurred during ~29,000-22,000 and 19,000-16,000 cal yr BP. The 
ISM was weaker during these cold intervals, leading to weak upwelling and low surface productivity. These 
proxy records suggest that the most likely cause for these cold periods is a combination of changes in 
hydrography and global ice volume. 

 
Keywords: Indian summer monsoon (ISM); late Quaternary; eastern Arabian Sea; Benthic foraminifera; 
biofacies; Total Organic Carbon (TOC); Heinrich event; Younger Dryas; Carbon and Oxygen isotope. 
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On Mars, hydrous sulfates and phyllosilicates within basalts and overlying sedimentary successions 
suggest that liquid water once existed on the surface. While the phyllosilicates indicate existence of neutral 
to near neutral pH (acidic to alkaline) surface water, the hydrous sulfate mineral jarosite discovered on the 
Martian surface by the Opportunity rover indicates that in places, water also existed in highly acidic and 
oxidizing conditions. Spectroscopic and XRD results of this study establish jarosite occurrences in Kachchh, 
western India, that also overlie basalts. Deccan basalts at the base of the Cenozoic rift basins in Kachchh are 
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altered to kaolinite; outside the basin, basalts are altered to smectite. Jarosite occurs in the Paleocene 
Matanumadh Formation above kaolinitized Deccan basalts, and in the stratigraphically overlying Eocene 
Naredi Formation. In the alternating carbonate-shale sequence at Naredi, jarosite associated with secondary 
gypsum is restricted to shale layers confined between carbonates. In the overlying middle Eocene Harudi 
Formation, jarosite also occurs within shale horizons sandwiched between carbonates and a lateritic cover. 
Jarosite layers and veins have also been detected in the Mesozoic shales of the Bhuj Formation that underlie 
the Deccan Traps. Geochemical modeling suggests that differential weathering of basalt to smectite and 
kaolinite can be attributed to rift-generated topography. REE compositions of the jarosite resemble those of 
the host shales, implying local scavenging of components to form jarosite, while stable isotopic compositions 
of the sulfate indicate an origin by pyrite oxidation. The occurrence of jarosite in different temporal units can 
be explained by simultaneous formation of the mineral in all exposed units during a single event that oxidized 
and acidified waters in exposed sulfide-bearing shale layers. This is most likely to have occurred during the 
final phase of marine regression and tectonic uplift in the Kachchh region in the Holocene, during which 
oxidized surface water percolated through fractures and mixed with in situ acidified groundwater near pyrites 
in the shales. Much of the acidity was thus very localized. Overall, the jarosite localities in Kachchh may 
represent excellent analogs to the disappearance of water from the surface of Mars. 

 
Keywords: Basalt weathering; Tectonics of Kachchh; Spectroscopy; Jarosite; Mars 
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The present study delineates the groundwater solute chemistry, hydrogeochemical evolution, aquifer 
sediments provenance and geochemical processes that influences the fate of groundwater arsenic (As) in 
aquifers of three district tectono-morphic regions of Brahmaputra river basin (BRB). These regions are 
located in the north-western (NW) and the northern (N) parts of BRB, in the northern bank of the Brahmaputra 
river and along the western and eastern parts of Eastern Himalayas, and the southern (S) study area of BRB 
in southern bank of the river, situated near Indo–Burmese Range and Naga hills in the BRB. Stable isotopic 
composition (δ2H and δ18O) in groundwater suggest that some evaporation may have taken place through 
recharging water in the study areas. The major-ion composition shows that groundwater composition of the 
NW and N parts lies between Ca‒HCO3 and Ca‒Na‒HCO3 hydrochemical facies, while Na‒Ca‒HCO3 facies 
dominates the S-region region. X-ray diffraction (XRD) and scanning electron microscopy (SEM) analyses 
of BRB aquifer sediments indicate the presence of feldspar (K-feldspar and plagioclase), mica (biotite and 
muscovite), ferromagnesian minerals, i.e., amphibole, highly altered pyroxene along with some heavy 
minerals, i.e., monazite, and rutile in NW and N aquifer sediments. Accordingly, the aquifers sediments in 
NW and N regions are derived from the Himalayan orogenic belt (Siwalik Group, medium to highly 
metamorphosed gneisses and schists rocks of Lesser and Higher Himalayas and igneous and metamorphic 
rocks of Eastern Syntaxis). The mineral compositions of S-aquifers differ from northern aquifers, by the 
presence of the higher proportion of Fe/Mg aluminosilicates, phyllosilicates or clay minerals, and heavy 
minerals i.e. titanite and ilmenite, derived from weathering of mafic igneous rock and associated pegmatites 
of Naga Hills. These mafic minerals, aluminosilicates, and clay minerals might offer the available reactive 
surface for As-adsorption and co-precipitation with amorphous Fe. These associated adsorbed and co-
precipitated As might be released due to reductive dissolution of Fe-oxide and oxyhydroxides in groundwater. 
These minerals are assumed to be possible sources of As in groundwater. Reaction-path models suggest 



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 159
 

intense chemical weathering of S-aquifer matrix, suggested by the higher equilibrium of secondary mineral 
phases, as compared to NW and N regions. The chemical index of alteration (CIA) analysis supports the 
outcome of reaction-path modelling. Dissolved As distribution is highly variable among the different alluvial 
aquifers. The groundwater of S-region is much enriched in groundwater As (bdl to 5.53 μM or 415 μg/L, 
mean 1.77 μM) compared to NW and N regions (bdl to 1.8 μM or 134 μg/L, mean 0.28 μM; bdl to 2.45 μM 
or 184 μg/L, mean 0.68 μM, respectively). Almost more than 92% of groundwater samples in the S-region 
are enriched with As, which draws a distinct difference from the NW and N regions of BRB aquifers. Surface 
complexation modeling suggests that competitive adsorption/desorption reactions in aquifer sediments also 
can have an influence on As mobilization mechanism. Reductive dissolution of minerals, i.e., Fe/Mn 
oxides/hydroxides, possibly due to microbially mediated redox reaction is the primary mechanism for As 
mobilization, followed by competitive adsorption/desorption reactions in aquifer sediments. Therefore, high 
variation in dissolved As concentrations among various tectono-morphic regions might be explained in term 
of geology and rock type of sediment provenance. The occurrence of As-enriched groundwater in Himalayan 
foreland basin in the BRB is probably a result of crustal evolution through which As is subsequently 
mobilized from aquifer matrix to groundwater by water–sediment reaction under favorable biogeochemical 
conditions. The present study proposes geological control (i.e. change in lithofacies, tectonic set-up) on 
groundwater chemistry and distribution of redox-sensitive solutes such as As in BRB  

 
Keywords: Groundwater, Arsenic, Hydrogeochemistry, Brahmaputra river basin, Weathering, Provenance 
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Benthic and planktic foraminifera, and geochemical signatures (total organic carbon and stable 
isotopes) were examined at ODP Hole 728B Oman margin and Hole 731A Owen Ridge to understand 
paleoceanographic and paleoclimatic changes in the northwestern Arabian Sea during the Neogene. Factor 
and cluster analysis of highest ranked benthic foraminiferal species enabled to identify five assemblages (Ba-
Bs, Be-Vi, Eb-Pb, Ab-Hb, Up-Uh) from Hole 728B and eight from Hole 731A (Ps-Gs, Uh-Ba, Ss-Eb, Cb-
Ec, Cc-Gs, Pl-Pu, Gp-Ps, Sa-Nu) characterizing distinct deep sea environments during the studied interval. 
A major change occurred in benthic assemblages during ~13 Ma. This change is also observed in planktic 
foraminifera suggesting that the Indian monsoon shaped the benthic foraminiferal regimes during the studied 
interval. The appearance of upwelling species, increasing rate of Total Organic Carbon around ~13 Ma and 
subsequent increase in relative abundances of Uvigerina probocidea between 10 and 8 Ma indicate increasing 
food supply to the ocean from high surface productivity at Hole 731A, Owen Ridge. Abundances of U. 
proboscidea during the Neogene in the Indian Ocean have been correlated with high surface productivity due 
to intense upwelling driven by southeast trade winds. The high productivity 10-8 Ma event occurred at the 
end of the building phase of the East Antarctic ice sheets and possibly the beginning of the formation of the 
West Antarctic ice sheets. Fluctuations in species diversity values, increasing rates of Total Organic Carbon 
and changes in benthic foraminiferal assemblages all indicate pronounced changes in the Indian monsoon 
system during the Neogene. The study further implies that the onset or intensification of the modern day 
Indian monsoon wind regimes can be dated at ~13 Ma. The decreasing values of all species diversity 
parameters from 3.6 to 2.5 Ma corresponding with increasing δ18OCibicides spp. values, decrease in 
upwelling species, absence of high surface productivity species Uvigerina proboscidea and reduced Total 
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Organic Carbon values show weakening of the SW monsoon corresponding with increased Northern 
Hemisphere Glaciations. 

 
Keywords: Indian Monsoon System; paleoceanographic and paleoclimatic changes; Neogene; planktic 
foraminifera; benthic foraminifera; Upwelling; productivity. 
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Politeness and Face negotiation are an integral aspect of interpersonal communication. The 

significant role of face for maintaining harmony has long been acknowledged in the studies of politeness. 
Politeness arises as a result of face negotiation in interaction. It is noticed that the existing studies perceive 
politeness as a normative behavior. They contend that in daily interpersonal communication, participants 
engage in face-negotiation naturally without even noticing it. However, in the situations of differences and 
conflict, the participants’ ‘face’ comes under challenge. Face-negotiation in such situations becomes 
challenging. Although face has evoked a plethora of researches in interpersonal social interaction, it has not 
been explored much in interpersonal conflict situations. The research is an attempt to examine politeness 
strategies in interpersonal conflict interactions from the perspective of face-negotiation. The data for analysis 
is taken from two collections of short fiction of Jhumpa Lahiri, Unaccustomed Earth (2008) and Interpreter 
of Maladies (1999). In these stories we find interpersonal conflict as an underlying theme, and in several 
contexts protagonists seem to engage in face negotiation, while striving for a smooth communication. The 
methodology for analysis is taken from Face Negotiation Theory of Stella Ting-Toomey (1985). Although 
the model discusses face work in intercultural conflict contexts, it provides an insight for various face 
strategies in conflict situations in interpersonal contexts as well. The analysis reveals that in interpersonal 
interactions, during conflict, face negotiation demands an extra mindfulness on the part of the participants 
and it is guided by certain human and relational factors. Human factors include courage, integrity and 
emotional bond, whereas relational factors include power relation between participants, relational histories 
of participants, and their interdependence. The study observes certain major points relating to effective face 
negotiation in interpersonal conflict situations. It emphasizes on emotional strength as a motivation for face 
negotiation. Free and healthy communication is taken as the base of effective face negotiation. Selection of 
appropriate conflict styles and communication strategy is considered necessary for face negotiation.  

 
Keywords: Politeness, Face Negotiation, Conflict, Interpersonal Communication, Mindfulness 
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This study tries to examine the various issues related to corporate investments of Indian 
manufacturing companies during the period 1998-99 to 2013-14. The Generalized Method of Moments 
estimation results reveal that firm specific factors like cash flow, firm size, tangibility, sales income and 
leverage are the major determinants of corporate fixed investments in India. We find the Indian companies 
are financially constraint. The adjustment speed to target corporate investments is around 28 percent and the 
speed of adjustment has been higher in the non-crisis period, period of economic upturn and for group 
affiliated firms. The exogenous factors like business group affiliation, macroeconomic condition, financial 
sector development, financial distress, and CEO’s personal characteristics also affect the corporate 
investment behaviour and the investment-cash flow sensitivity. Group affiliation and good economic 
condition reduce the role of cash flow in the determination of corporate fixed investment. The study also 
finds that financial sector development plays a positive role in corporate investment determination. Financial 
distress has a negative relationship with corporate investment. CEO’s personal characteristics such as CEO’s 
age and financial education are found to exert a significant impact in the determination of corporate 
investment in India. This study reveals that cash flow, lagged inventory investment, sales, cash conversion 
cycle, inflation rate and macroeconomic condition are the major determinants of inventory investment. The 
results are robust across the periods and different types of firms classified on the basis of firm size and 
business group affiliation. These findings have the implications for the corporate managers and policy makers 
to formulate an appropriate corporate investment policy of the manufacturing companies in India.  

 
Keywords: Corporate investment, investment-cash flow sensitivity, business group affiliation, 
macroeconomic condition, financial development, financial distress, CEO’s personal characteristics, 
inventory investment, generalized method of moments. 
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Today’s organisations are increasingly becoming aware that fostering a good work culture in the 

form of “spirituality” leads towards value addition and profit maximization. The popular notion about 
productive workplace states that a happy workplace characterized by purpose and meaning is likely to 
enhance employee performance and will make employees more creative and productive which in turn may 
work as a win-win situation for both employees and organisation. Keeping this framework in mind, the 
present study has examined the influence of workplace spirituality on human resource effectiveness. It has 
also examined the mediating role of organisational citizenship behavior and moderating role of emotional 
intelligence on the relationship between workplace spirituality and human resource effectiveness. The human 
resource effectiveness construct has been conceptualized in this study as engagement, commitment, 
performance and retention of employee professionals. Data were collected on 761 executives working in 
various public and private sector manufacturing and service industries across India. Software tools like SPSS 
20.0 and AMOS 18.0 were used to analyze the data. Results of the study have revealed positive and significant 
association among the dimensions to define the construct of HR effectiveness. The findings of the study show 
positive association between workplace spirituality and the dimensions of human resource effectiveness. The 
findings reported a significant and positive mediating effect of organisational citizenship behavior between 
workplace spirituality and employee engagement, employee performance. Partial mediation was observed 
between workplace spirituality and employee retention, whereas a negative insignificant mediational effect 
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was found between workplace spirituality and employee commitment. The findings also reported a significant 
and positive moderating effect of emotional intelligence between workplace spirituality and employee 
engagement, employee performance. A negative and significant moderating effect of emotional intelligence 
has been found between workplace spirituality and employee commitment. The outcome of the study offer 
valuable insights and inputs for future research while providing a gateway to envisage workplace spirituality 
as an emerging area in the field human resource development and I/O psychology.  

 
Keywords: Workplace spirituality, HR effectiveness, Organizational citizenship behavior, Emotional 
intelligence. 
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The growth of manufacturing sector has been considered as one of the key drivers of economic 
growth. Pertinent to its importance in the economic growth process, it is always imperative to identify the 
factors which affect the productivity growth of this sector. In this regard, this study tries to measure and 
identify the factors affecting the productivity growth of Indian manufacturing firms during the period 1997-
98 to 2012-13. This study uses Levinsohn-Petrin method to measure the total factor productivity growth of 
manufacturing firms. The econometric methods like Fully Modified Ordinary Least Square (FMOLS), 
Generalized Method of Moments (GMM), Panel Quantile Regression have been used to examine the role of 
firm specific factors, financial constraint, product market competition and international openness in 
determining the total factor productivity growth of the Indian manufacturing companies. The study finds that 
size, disembodied technological intensity, embodied technological intensity play the significant role in the 
productivity determination. Financial constraint has been found to have a significant role in determining 
productivity growth of Indian manufacturing firms. The study finds that while product market competition 
plays a positive significant role in productivity determination of both the firm and industry, it has a negative 
relationship with productivity dispersion. International openness has been found to exert a significant impact 
in the determination of productivity growth of Indian manufacturing firms. The results are robust across the 
different sub-sectors within the manufacturing sector in India. These findings have the implications for the 
corporate managers and policy makers to formulate an appropriate corporate and industrial policy to enhance 
the productivity of the manufacturing companies in India.  

 
Keywords: Manufacturing sector, total factor productivity growth, Levinsohn-Petrin method, panel FMOLS 
method, product market competition, international openness. 
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Odisha, a state in India’s eastern region, experiences a complex phenomenon of becoming not only 
the least developed state of the country but also striking disparities across its districts. The objectives of this 
study are to examine the regional income disparities and convergence across its districts and find out the 
contributions of different regions and sectors to the observed disparities. The study applies different measures 
of σ-convergence, and absolute and conditional β-convergence in addition to sectoral decomposition analysis, 
catching-up process and shift analysis. The results of σ-convergence indicate an increase in intrastate income 
disparities in Odisha since the beginning of the new century, which are largely attributed to within-division 
inequality. The results of the absolute β-convergence further confirm divergence. When the factors like 
economic structure, institutional quality and spillover effects are controlled for, there is conditional 
convergence. Though there are evidences of inverted U-shape relationship in regional income dispersion, it 
may not be prudent to assume that the state has reached stabilization as most of the districts along with 
industrial and service sector experience negative shifts. The catching up process indicates that the low income 
districts have to grow at least at 12 percent annually from now for their per capita incomes to be equalized to 
developed districts by 2030. The contribution of the industrial sector to inequality records an increasing trend. 
There is also a rising share of covariance between industrial and service sector, revealing a shift in state’s 
income from agricultural to non-agricultural sector and the complementarity between industries and services. 
The results seem to indicate the failure of the trickle-down effect. Hence, any effort to bring about 
interregional balance may require special attention to the laggard regions with focus on fostering agriculture, 
institutional quality and interregional and inter-sectoral interdependence. Industrialization with focus on 
spatial spread may help reduce inter-district disparities. As farm sector creates a positive shift, efforts to 
promote agriculture also remain critical. 

 
Keywords: Between-region inequality, catching-up process, intrastate disparity, Kuznets’ hypothesis, 
convergence, shift analysis, within-region inequality, Odisha 
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This research examines the factors associated with the effectiveness of women’s self-help groups 

(WSHGs) in the Indian state of Bihar. The study was carried out in two stages. Using a qualitative approach, 
first, the experiences of 12 WSHGs were explored. Focus group discussions were carried out to gather 
information and the same were analyzed generating codes based on grounded theory. Ten interrelated 
categories emerged. The findings suggest that the pre-conditions for community mobilization, external 
facilitation in group formation, initial role of promoting institutions along with stable group structure, 
process-based functions, and networking with external institutions make the WSHGs effective. Involvement 
in the SHGs also empowers rural women in respect of their financial independence, social recognition, and 
decision-making ability at home. However, low and similar socio-economic background of members restricts 
their adherence to group norms in connection with regular savings, whereas poor attendance in meetings and 
irregular loan repayment appear as institutional barriers for group performance. This suggests for assessing 
group heterogeneity and other structural aspects of WSHGs. Next attempts were made for a quantitative 
validation of these findings by assessing the relationships of group heterogeneity, group structure, and group 
processes with the effectiveness of WSHGs in terms of their financial performance, group’s self-reliance, 
members’ decision-making ability at the household level, and access to non-financial benefits. Data were 
collected using an interview schedule from 180 WSHGs in six districts of Bihar and data were analyzed using 
partial least squares structural equation modeling. The findings suggest that the group heterogeneity alone 
directly predicts the effectiveness of WSHGs but fully passes through group structure and process to 
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positively predict the group effectiveness. The group structure and process is found to be a strong mediator 
between group heterogeneity and group effectiveness. The predictive accuracy of the model is found to be 
high. The findings have implications to bring in more diversity in member’s caste and their reasons for joining 
WSHGs at the formation stage and variations in members’ skills and expertise at the performing stage of 
WSHGs. The members’ awareness on group norms and trust in financial transactions, and leadership styles 
together with cooperation and cohesion among members, transparency in financial transactions, group 
attendance, and networking with the bank and the federation foster the effectiveness of WSHGs. 

 
Keywords: Group effectiveness, group heterogeneity, group structure and process, women’s selfhelp groups. 
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Sea-borne shipping is considered environmentally efficient as it participates in carrying more than 
90% of the world trade as mentioned in IMO (2014). With the enhancement of global trade, maritime logistics 
has become one of the principal modes of transportation and researchers are showing genuine interest in 
addressing the complex operations associated with the sea-borne trade. Managing appropriate time window 
at the ports is one such complexity related to maritime transportation. Predominantly it is observed that either 
the ship arrives early at the ports, or it departs very late owing to some additional port charges due to waiting 
or delay. Possible measures need to be incorporated for improving the service level at the port or reduce the 
total operation time for each vessel. For this purpose, all the port operations including loading/unloading of 
containers should specifically be carried out within a specified time window. Increasing trade globally 
necessitates the requirement of an efficient mathematical model that can resolve the challenges associated 
with maritime transportation. Reducing fuel consumption and carbon emission within the maritime 
transportation domain remains one of the most significant challenges as it addresses the sustainability aspects. 
Carbon emissions from shipping industry are directly associated with the total fuel consumption. There is a 
need to investigate the possible ways of considering bunker fuel management and reducing carbon emission 
in ship routing and scheduling.  

In the first stage of the research, sustainable ship routing and scheduling problem is addressed for 
satisfying the demand at different ports during the planning horizon while exploring the possibilities of 
integrating slow steaming policy within shipping operations. A mathematical model is presented considering 
various scheduling and routing constraints, loading/unloading constraints and vessel capacity constraints. 
The non-linear equation between fuel consumption and vessel speed has been incorporated to capture the 
sustainability aspects. Time window concept is included in the mathematical model to enhance the service 
level at each port. Penalty costs are incurred if the ship arrives early before the starting of the time window 
or if it finishes its operation after the ending of the time window. Costs associated with the violation of time 
window helps in maintaining a proper port discipline.  

The second stage of the research aims to integrate different shipping operations like routing and 
scheduling of ships with port’s time window concept, discrete planning horizon, container loading/unloading 
operation with carbon emission from the vessel and ship’s draft restriction for maintaining the vessel safety 
while entering/exiting from the port. A mathematical model is presented capturing various maritime 
operations and incorporating the relationship between fuel consumption and vessel speed optimization for 
estimating of the overall fuel consumed and carbon emission from each vessel. Time window concept 
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considering the high tidal scenario for ensuring the safe passage of the vessel while entering or exiting the 
port is taken into consideration.  

The sustainable container shipping problem integrated with fuel bunker management and recovery 
policies for countering disruption within maritime transportation forms the third stage of the research. A 
mathematical model is developed aiming to maximize the profit of the shipping company by addressing the 
routing and scheduling decisions of the vessel, loading/unloading of containers, selection of bunkering ports 
and bunkered amount for different types of fuel – marine diesel oil (MDO) and heavy fuel oil (HFO). 
Recovery strategies are considered such as port swapping and rescheduling of vessel route to deal with 
disruptions associated with weather adversities on a particular route and port closure. The relationships 
between variables and constraints of the formulation are used to propose a mathematical model-based 
heuristic and integrated with variable neighborhood search algorithm.  

The three devised mathematical models are validated using various problem instances generated 
after thoroughly studying the real world problems associated with the international shipping companies. The 
focus of the research is mainly on the development of the mathematical formulations and validating the results 
obtained.  

 
Keywords: Ship routing and scheduling, Maritime transportation, Slow steaming, Fuel consumption, Carbon 
emission, Bunker Fuel Management and Vessel draft restriction. 
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To remain competitive in global marketplace, it is extremely challenging to suffice the stringent 

quality requirements in terms of designing process parameters and tolerances, diagnosing the abnormalities 
in the process elements and inferring about the process degradation before it fails posing as a hindrance in 
achievement of desired quality of final products. Recent advancements in online sensing technologies and 
sensor data storage have provided the quality professionals a great opportunity to analyze the sensor data in 
describing and inferring about the underlying process for quality improvement. The objective of this research 
is to offer guidelines for data driven process oriented quality improvement in multistage manufacturing 
processes especially when the system is an under-determined one in particular, by selecting the optimal 
process parameters and process tolerances, correctly identifying the faulty process elements to meet quality 
requirements and finding the remaining useful life of the process elements when the system is continuously 
degrading over time. 

The first objective has been addressed to designing a methodology for integrated parameter and 
tolerance design of process elements in an under-determined process scenario utilizing computer experiment 
based surrogate modeling of the quality conformance index which is motivated by Taguchi's Quality Loss 
concept. Conventionally, parameter and tolerance design are executed in sequential manner which is 
reportedly sub-optimal in nature. In this objective, an integrated method is proposed to design the process 
parameters and process tolerances simultaneously. 

As in the under-determined systems, estimation of significant predictor variables lead to the situation 
of no-unique solutions. So, the conventional least-squares based methods fail to capture those significant 
predictor variables. In second objective, a penalized regression approach based on Bayesian hierarchical 
modeling strategy has been adopted to identify the most significantly contributing process error sources to 
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the abnormality in the manufacturing process under consideration. Variational Bayesian inference technique 
which is a deterministic simulation method as contrary to the Metropolis-Hastings approaches, has been 
sorted out to estimate the out of specification process variance sources, that are the faulty elements in the 
process. 

In third and last objective, a generic methodology has been developed aiming at prognosis of failure 
of process elements in under-determined multistage manufacturing process. Firstly an online filtering based 
approach has been developed for estimating the state of the process elements at any time instant when the 
under-determinedness is the prime issue in uniquely estimating the same. Then based on the stochastic 
degradation models, the remaining useful life of the process components are estimated. 

The primary contributions of this thesis are (i) developed a generic model for multioutput Non-
parametric Regression model for partially diagnosable system which is conceptualized on Gaussian Process 
based model and implemented the same to model the computer experiment data for joint parameter and 
tolerance design task in case of multistage manufacturing process, (ii) developed a Bayesian hierarchical 
regularized model for diagnosing the faulty process elements in a multistage manufacturing process with 
partial diagnosability and (iii) developed a methodology for determining the remaining useful life distribution 
of process elements utilizing the product quality data. Moreover, these developed models are extensively 
tested and validated on some simulated datasets from a real partially diagnosable multistage manufacturing 
process. 

 
Keywords: Multistage Manufacturing Process, Quality Improvement, Partial Diagnosability, Compressive 
Sensing, Sparse Systems, Bayesian Hierarchical Modeling, LASSO, Variational Inference, Parameter and 
Tolerance Design, Gaussian Processes, Fault Diagnosis, Remaining Useful Life, Sparse Dynamic Model 
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Due to the economic integration, interdependence, and globalization, an efficient logistics 
management is the essence of any organization to retain its competitive edge. According to the 26th Annual 
State of Logistics Report, transportation and inventory are the two major components of logistics, which 
contribute to about one half and one third of the total logistics cost, respectively. In many cases, these two 
are practiced in a decoupled fashion, which may lead to sub-optimal performance of the overall system. 
Hence, the need for close coordination between transportation planning and inventory control is highlighted 
in the literature. Further, the inventory and transportation decisions are greatly influenced by the facility 
planning and uncertainty. The present study is motivated by the case of foodgrains distribution in the Indian 
public distribution system (PDS), which also strives for an efficient logistics management. The supply chain 
of the Indian PDS consists of multiple storage facilities (warehouses) located across the country to store the 
foodgrains to meet the demand of the multiple regions. We intend to propose generic mathematical models 
and solution techniques for procurement and logistics planning in a supply chain resembling the Indian PDS.  

In this thesis, we consider a multi-region, multi-facility supply chain, where each region has a 
procurement and demand strategy that is aggregated over all the warehouses located in that region. 
Consequently, it is necessary to decide the set of warehouses to store the procured item and the period in 
which to withdraw the item to meet the demand of each region. Further, in order to ensure availability of the 
item in regions with a deficit, the item is required to be transported from regions with a surplus. The storage 
and transportation policies are influenced by the strategic decisions of procurement planning, location of 
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warehouses and their capacity, which call for a broader supply chain network design perspective. To capture 
the research theme sequentially, we set three objectives for study to minimize the total relevant cost over a 
finite planning horizon.  

In the first objective, we introduce a multi-period inventory-transportation problem in the multi-
region, multi-facility supply chain dealing with a single item. It is assumed that the procurement plan is 
known, and total procurement is sufficient to meet the demand of all regions. A fixed setup cost due to 
allocation of the procured item for storage in the warehouse is considered. The transportation cost between 
any two warehouses consists of a fixed and variable cost proportional to the quantity of the item to be 
transported. A mixed-integer programming (MIP) model is formulated to determine an optimal plan for 
holding inventory at warehouses and to satisfy the demand of all regions without shortages by transporting 
the item between the warehouses of surplus and deficit regions. We decompose the problem into sub-
problems, and develop a rule-based heuristic procedure to solve the problem. The performance of the 
proposed approach is compared with the exact solutions obtained using Cplex for several problem instances 
generated using secondary data collected from the Indian PDS. The results of the computational analysis 
reveal that the proposed solution approach is computationally efficient and gives good quality solutions with 
an average cost deviation from the optimal solution of less than 6%.  

In the second objective, we extend the previous model for multiple items that compete for the storage 
space and transportation capacity, considering multi-modal transportation and the region-level capacity 
constraint for each mode of transportation. To deal with the increased complexity of the problem, we apply 
a fix-and-optimize (F&O) heuristic with several decomposition schemes. We also propose two hybrid 
heuristics considering the blends of genetic algorithm (GA) and iterated local search (ILS) with the F&O 
heuristic, separately. The results reveal that for the F&O heuristic, more than 90% of the problem instances 
have less than 3% of the solution gap, and the average CPU time is just one-sixth of Cplex. Further, the hybrid 
GA-F&O heuristic and hybrid ILS-F&O heuristic produce an average solution gap of 0.80% and 0.98%, 
respectively. For several large size instances, the proposed solution approach outperforms Cplex.  

In the third objective, we extend the second model considering the procurement of items and leasing 
of storage and transportation capacity as additional decisions. We propose the leasing of warehouses on long-
term contracts for use during the entire planning horizon or from the spot market for a single-period use. 
Initially, a deterministic MIP model is formulated to minimize the total cost in a finite planning horizon. 
Next, we extend the model to consider the uncertainty in supply, demand and procurement cost, and propose 
a scenario-based robust optimization model to minimum the total relative regret. We propose the F&O 
heuristic with region decomposition scheme to efficiently solve the deterministic equivalent model of each 
scenario. For the robust model, we implement a Benders decomposition algorithm (BDA) with several 
heuristic improvement strategies, such as warm-start strategy, trust region, and logical inequalities, to 
accelerate the performance of the BDA.  

 
Keywords: Public distribution system; Inventory-transportation; Supply chain network design; Fix-and-
optimize; Benders decomposition algorithm; Robust optimization 
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This thesis addresses one point and multipoint higher order iterative methods, their convergence 
analysis and dynamics for solving nonlinear equations in Banach spaces. Developing efficient iterative 
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methods is one of the most important and challenging tasks in scientific computing and numerical functional 
analysis. The solutions of large number of applications require solving thousands of such equations in one or 
several parameters. The thesis starts by developing a family of parameter based higher order iterative methods 
free from second derivative for f(x) = 0, where f : R → R and investigates their theoretical, computational 
and dynamical aspects. It includes sixth order methods and for a particular value of parameter leads an eighth 
order method. Both of them require three functions and one first derivative evaluations. Local convergence 
analysis and dynamics are also carried out. The local convergence of a family of iterative methods based on 
a parameter θ for multiple roots with known multiplicity m is established under the assumption that the 
derivative f (m+1) of function f satisfies the Holder continuity condition. The R-order of convergence is shown 
to be equal to (2 + p), where p ∈	(0, 1]. The well known methods of Chebyshev (θ = 0) and of Osada (θ = 1) 
belong to the family. The radii of convergence balls for different values of parameter θ are compared and 
tabulated. Moreover, its dynamical study is fully investigated and parameter of plane is constructed to find 
the best value of the parameter θ. The values of θ are investigated according to character of the strange fixed 
point and the multiplicity of the root. By using majorizing sequences, the semilocal and local convergence 
analysis for two-step Secant method to approximate a locally unique solution of a nonlinear equation in 
Banach spaces is established under the assumption that the first order divided differences and the Frechet 
derivative of the involved operator satisfy the weaker Lipschitz and the center-Lipschitz continuity 
conditions. As a result, finer majorizing sequences and enlargement of convergence domain of the solution 
are found. Also, by taking a nonlinear system of equations, the Efficiency Index (EI) and the Computational 
Efficiency Index (CEI) of two-step Secant method are computed and its comparison with respect to other 
similar existing iterative methods are summarized in tabular forms. The semilocal and local convergence 
analysis of a two-step iterative method for nonlinear non differentiable operators are also described in Banach 
spaces. The recurrence relations are derived under ω-continuity conditions. For semilocal convergence, the 
domain of parameters are obtained to ensure guaranteed convergence under suitable initial approximations. 
Similarly, we enhance the region of accessibility and applicability for local convergence. This provides a way 
to enlarge its convergence domain also. The convergence and dynamics of improved Chebyshev-Secant-type 
iterative methods are studied. Its semilocal convergence is established using recurrence relations under ω-
continuity conditions on first order divided differences. The center-Lipschitz condition is defined on the first 
order divided differences and its influence on the domain of starting iterates are compared with the domain 
of Lipschitz conditions. The dynamical analysis of the iterative method is carried out. It confirms better 
stability properties than its competitors. The directional k-step Newton methods (k a positive integer) is 
developed for solving a single nonlinear equation in n variables. Its semilocal convergence analysis is 
established by using two different approaches (recurrent relations and recurrent functions) under the 
assumption that the first Frechet derivative satisfies a combination of the Lipschitz and the center-Lipschitz 
continuity conditions instead of only Lipschitz continuity condition. It is shown that the second approach 
based on recurrent functions solves problems failed by using recurrent relations. This work extends the 
directional one and two-step Newton methods for solving a single nonlinear equation in n variables. The 
computational order of convergence and the computational efficiency are also provided. By using majorizing 
sequences and weaker Lipschitz type bound operators, the semilocal and local convergence of Secant-like 
methods are described for solving nonlinear operators in generalized Banach spaces. Newton's method, 
Secant method and many other similar iterative methods are particular cases of it. The information about the 
precise location of the solution can also be estimated. The local convergence analysis of deformed Super 
Halley's method under weaker continuity conditions on first order Frechet derivative is established. This work 
generalizes the earlier work in this direction and it is observed that it is applicable to cases where either they 
fail to converge or give smaller balls of convergence. The semilocal convergence of an efficient fifth order 
iterative method is established under weaker conditions for solving nonlinear equations. It is done by 
assuming ω-continuity condition on second order Frechet derivative. The novelty of our work lies in the fact 
that several examples are available where Lipschitz and Holder continuity condition fails but ω-continuity 
condition holds. The R-order is found to be 4 + q, q ∈ (0, 1]. 

For all the above mentioned higher order iterative methods, theorems are established for the 
existence-uniqueness regions along with the estimation of a priori and a posteriori error bounds on the 
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solutions. By using MATLAB R2012b on an Intel(R) Core (TM) i5-3470 CPU 3.20GHz with 4GB of RAM 
running on the Windows 7 Professional version 2009 Service Pack 1 , a number of numerical examples 
including Automotive Steering problems, nonlinear mixed Hammerstein type integral equations, nonlinear 
elliptic differential equations and integral equations are worked out to demonstrate their efficiency and 
applicability. The results obtained are compared with those obtained by some of the existing similar higher 
order iterative methods. 
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Inventory Management and Supply Chain Management are the most important branch of 
Operational Research and Management Science. Incorporation of real life situations in the modeling of 
inventory management and supply chain problems acquired as the key area of research in the recent trends. 
It provides the competitive advantages, as well as an efficient flow of the commodity that finally gives 
economic benefit. On the other hand, it increases the operational complexity in order to the modeling of these 
problems. Thus, the inventory modeling and supply chain modeling are interesting as well as a challenging 
task also. The modern advanced information technology and computer sciences provide better business 
strategy and maintain ultimate coordination among the business partners. The application of these sciences 
is most favorable in business management to minimize the aggregate cost and maximize the customer service. 
On the other side the key parameters of modeling problem such as demand, cost, planning horizon, etc. 
frequently changes. Thus, the complexity of inventory modeling problem has increased in recent years. In 
this regards, many mathematical and statistical tools and methods are required to handle decision-making 
process in these areas. In this connection, this thesis provides some practical integrated inventory systems 
and supply chains models by considering trade credit finance, deterioration, preservation technology, set up 
cost reduction, etc. in the stochastic framework. 

The centralized decision-making process to optimize the supply chain (SC) has been widely used in 
recent past, because it minimizes the total cost and improves the efficiency of entire SC. The thesis uses the 
same approach for items with imperfect quality, wherein set-up cost reduction and trade credit finance also 
considered. In this process, two integrated SC models developed. In the first model, shortages are not allowed 
whereas in the second model it is allowed and is mixture of backlogging and lost sale. One more integrated 
SC model is developed for time dependent ramp type demand by considering trade credit finance. The model 
is developed with two types of shipment policies, namely, on equal time interval (ETI) and equal lot size 
(ELS). 

In the supply chain hierarchy, a supplier is relatively in more powerful position and decides when 
to visit and replenish the retailer’s order quantity. Moreover, it may be possible that the retailer’s shop is 
situated in the disadvantageous remote location, and regular replenishment and visit process may not be 
accomplished. In such situations, the review period may be a random variable. By considering random 
planning horizon or random scheduling period, the thesis presents some stochastic inventory models that 
incorporate preservation technology, special sale offer, two-warehouse model, etc. Eventually, this thesis is 
developed through some methodologies to optimize the mathematical model. In this process, several 
mathematical tools and software such as computational algorithms, Mathematica and MATLAB software 
have been used. Finally, in each case, the mathematical formulation is illustrated with numerical experiments 
and its sensitivity is analysed by changing the value of key parameters. 
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Technology, Partial backlogged, Single-vendor, Single-buyer, Imperfect quality, Stochastic planning 
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Trade credit, Non-instantaneous deteriorating items, Variable setup cost. 
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Researchers have introduced several matrices associated with a graph to model some real life 
problems and study graph theoretic properties. In this thesis our main objective is to study the distance matrix 
and distance signless Laplacian matrix associated with a graph. The distance matrix of a simple connected 
graph G is D(G) = (dij), where dij is the distance between ith and jth vertices of G. The distance signless 
Laplacian matrix of graph G is DQ(G) = D(G)+Tr(G), where Tr(G) is a diagonal matrix whose ith diagonal 
entry is the transmission of the ith vertex in G. 

We introduce a new class of graphs, namely, k-partitioned transmission regular graphs, and _nd a 
quotient matrix of the distance matrix (respectively distance signless Laplacian matrix) associated with a 
graph in this class to obtain the distance spectral radius (respectively distance signless Laplacian spectral 
radius). Applying this technique we find distance and distance signless Laplacian spectral radius of the wheel 
graph Wn, a subclass of spider graphs, and generalized Petersen graphs P(n, k), k = 2, 3. 

To determine the adjacency spectrum of a distance regular graph we have a tridiagonal matrix whose 
entries are the intersection numbers of the graph. In this thesis we find a similar kind of quotient matrix 
corresponding to a distance regular graph to find its distance spectrum. Then we prove that distance regular 
graphs with diameter d have at most d+1 distinct distance eigenvalues. We also prove that distance regular 
graphs satisfying bi = cd-1 have at the most [d/2] + 2 distinct distance eigenvalues. Applying these results we 
find the full distance spectrum of some distance regular graphs including the well known Johnson graphs. 
Finally we disprove a question asked by Lin et al. [Linear Algebra Appl., 439 (2013), 1662-1669]. In the 
same paper, the authors have asked for existence of graphs other than strongly regular graphs and some 
complete k-partite graphs having exactly three distinct distance eigenvalues. Here we construct some classes 
of graphs with arbitrary diameter which satisfy this property. For each k ∈	2 {4, 5, …, 11}, families of graphs 
that contain graphs of each diameter greater than k - 1 are constructed with the property that the distance 
matrix of each graph in the families has exactly k distinct eigenvalues. While making these constructions we 
have found the full distance spectrum of square of even cycles, square of hypercubes, corona of a transmission 
regular graph with K2, and strong product of an arbitrary graph with Kn. 

We give some upper and lower bounds for the spectral radius of a nonnegative matrix. Applying 
this result we find upper and lower bounds for the distance and distance signless Laplacian spectral radius of 
graphs and obtain the extremal graphs for these bounds. Also we give upper bounds for the modulus of all 
distance (respectively distance signless Laplacian) eigenvalues other than the distance (respectively distance 
signless Laplacian) spectral radius of graphs. These bounds are probably _rst of their kind as we do not find 
in the literature any bound for these eigenvalues. Then for some classes of graphs we show that all distance 
(respectively distance signless Laplacian) eigenvalues other than the distance (respectively distance signless 
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Laplacian) spectral radius lie in the smallest Gersgorin disc of the distance (respectively distance 
signless Laplacian) matrix. 

 
 

Keywords: Distance matrix, Distance eigenvalue, Distance spectral radius, Distance spectrum, Transmission 
regular graphs, k-partitioned transmission regular graphs, Generalized Petersen graphs, Distance regular 
graphs, Quotient matrix, Johnson graphs, Power of graphs, Hyper-cubes, p-norm normalized principal 
eigenvector, Gersgorin disc, Distance signless Laplacian matrix. 
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These days witness a tremendous development in Wireless Sensor Networks (WSNs). They are used 
in various fields for different purposes due to their advancements in hardware technology and software skills. 
The unattended environment where the sensor nodes are deployed along with the unreliable wireless 
communication offered in WSNs and the peculiar characteristics owned by WSNs pertains security relevant 
issues to many applications of WSNs. It is essential to ensure security services for the applications of WSNs 
to achieve all the benefits of applications of WSNs faultlessly. One method of providing security in 
communications performed between sensor nodes is through cryptographic operations. An open research 
issue in providing security through cryptographic operation is the distribution of cryptographic keys to the 
communicating entities in WSNs. Further, when sensor networks are used for applications such as monitoring 
and continuous tracking in surveillance, it is necessary to report event information securely and accurately in 
a timely manner to the respective authorities. When WSNs are used for these applications sensor nodes 
frequently suffer from different types of attacks such as eavesdropping, intercepting, data manipulating, 
replay attack, impersonation attack and attacks denying the event reports from reaching the Gateway 
nodes(GWN). Hence it is necessary to design secure communication schemes to get rid of these attacks or to 
mitigate the impact of this attack on WSNs applications. 

The objective of the thesis is to design secure communication schemes for WSNs. The performance 
of the proposed schemes are compared with already proposed mechanisms ensuring security through secure 
and reliable data transmission and mechanisms providing anonymous secure communication. In the first 
study, the proposed protocol is tailored for IoT. In this scheme, the communicating parties establish a 
common session key which can be used for data sharing over insecure channel without giving raise to any 
security issues. The proposed scheme could significantly improve the performance of user authentication and 
key agreement segment. In comparison to other compared schemes, our scheme shows the resiliency against 
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node compromisation and data compromisation. The second study enforces security for Ad hoc networks, 
where the multi-gateway based design is utilized to provide the user a secure communication through a secret 
sharing mechanism. The proposed mechanism offer lightweight energy efficient secure multi-gateway based 
communication. This scheme provides better security in gateway based WSNs. The secret sharing mechanism 
securely distributes secret shares among authenticated members over a insecure channel in a secure way such 
a way that, only the authenticated parties can communicate and get the opted data. The proposed scheme is 
able to achieve forward as well as backward security. The proposed mechanism ensures security in 
communications, when compared to other proposed schemes in the literature. The third study focuses on 
achieving security WSNs environment, where the predefined shared secret keys plays a very important role 
in establishing a secure communication. In designing a secure communication system, there should not be 
any scope of leakage of these predefined secret keys. We have shown in our work, how essential to preserve 
these predefined secret keys, otherwise the security of any well designed system can be proven insecure and 
further cannot be used for practical applications. 

To avoid such situation, the public key cryptosystem such as Elliptic curve cryptography(ECC) is 
used in our design for the better communication and easy access. ECC is preferred due to its advantageous 
over RSA, as it consumes less key size in comparison to RSA. Moreover, ECC is much efficient and can be 
implemented easily. Along with ECC, collision-resistant hash functions and a symmetric key cryptosystem 
is used to design our proposed scheme. The proposed scheme is provable secure and can resist many security 
functionalities. The performance of our proposed scheme also consumes much less time to communicate and 
its efficiency is shown in terms of computation time, communication and storage capacity. 

The main goal of the fourth study is to preserve the privacy of the user's information and data in 
transit by providing security services to enhance the security strength of the e-medical services performed in 
Wireless Medical Sensor Networks (WMSNs). The privacy is ensured in this scheme by preventing the 
disclosure of source and destination information through anonymity. In addition this scheme provides 
security for the sensed event information through cryptographic operation. The proposed scheme prevents 
the adversary from knowing about the identity of the user (patient) by eavesdropping on the transmitted 
messages. This scheme ensures successful e-medical services to the patient by continuously monitoring the 
opted medical services from WMSNs. Moreover, before initiating the services, the users establish a common 
secure session key for further communication with the medical-gateway nodes and the sensor nodes. The 
efficiency of our proposed scheme also consumes much less time to communicate and its efficiency is shown 
in terms of computation time, communication and storage capacity. 

On the whole, the security protocols designed in this dissertation are useful in establishing secure 
communication to WSNs. This thesis focuses in establishing privacy and security for WSNs by designing a 
secure user authentication and key agreement protocol in various environments and technologies. The 
presented mechanisms are very useful in achieving energy efficiency, increasing network lifetime and 
enhancing resiliency against data compromisation. 

 
Keywords: Authentication; Impersonation; BAN Logic; AVISPA; Anonymity; Smartcard; Privacy. 
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In the present thesis we investigate the problem of estimating location and scale parameters in 
location scale families of distributions from a decision theoretic point of view. 
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In Chapter 1, we give a brief introduction to the problem of estimating location and scale parameters 
and a detailed review of the existing literature on this estimation problem. 

In Chapter 2, some basic definitions, results and important approaches for improving equivariant 
estimators are discussed. 

In Chapter 3, estimation of the scale parameter in a scale mixture of location{scale families under a 
quadratic loss function is considered. The technique of Strawderman (1974) has been extended to obtain a 
class of estimators improving upon the best affine equivariant estimator of the scale parameter under certain 
conditions. Further, integral expression of risk difference (IERD) approach of Kubokawa (1994) is used to 
derive similar improvements for the reciprocal of the scale parameter. Using the improved estimators of the 
scale parameter and the reciprocal of the scale parameter, classes of improved estimators of the ratio of scale 
parameters of two populations have been derived. In particular, Stein{type and Brewster{Zidek type 
estimators are derived for the ratio of scale parameters of two mixture models. These results are applied to 
the scale mixture of exponential distributions. In particular, this includes multivariate Lomax and modified 
Lomax distributions. 

In Chapter 4, the estimation of the mean vector of a scale mixture of multivariate normal 
distributions under a balanced loss function, when the covariance matrix is identity, is considered. A class of 
estimators is proposed and it is shown that these estimators are minimax for this problem. This minimaxity 
result is further used to obtain a class of Bayes minimax estimators for the mean vector. 

In Chapter 5, we consider the estimation of the common hazard rate parameter of two or more 
exponential distributions with unknown location parameters under a general class of bowl-shaped scale 
invariant loss functions. We have considered two types of problems. First we have considered the estimation 
of common hazard rate of two exponential distribution with ordered location parameters based on various 
sampling schemes such as (i) i.i.d. sampling, (ii) record values, (iii) Type-II censoring (iv) Progressive Type-
II censoring. We have shown that the best affine equivariant estimator is inadmissible by deriving an 
improved estimator. In addition a smooth improved estimator is obtained. In particular, the improved 
estimators are obtained for three special loss functions. Secondly we have studied the estimation of common 
hazard rate of several exponential distributions. Similar results are obtained in this case. Finally, numerical 
comparison of risk performance of the proposed improved estimators is carried out for both the problems. 

In Chapter 6, consider a bivariate normal population with unknown means θ1, θ2, known variances 
and a known correlation coefficient ρ, where θ1, θ2. The problem of estimation of (θ1, θ2) is studied when the 
loss function is taken to be the sum of squared errors. We have considered two cases, equal variances and 
unequal variances. In both cases classes of minimax estimators are derived. These estimators improve upon 
the usual estimators. A class of admissible estimators is obtained within this class. The minimaxity and 
admissibility of a generalized Bayesestimator is established. Finally, the risk performance of all proposed 
estimators is compared numerically. 

In Chapter 7, improved estimation of the entropy in shifted exponential distributions under a general 
location invariant loss function is considered. At first the estimation of entropy of single population is 
considered. Inadmissibility of the best affine equivariant estimator (BAEE) 1 of entropy is proved by deriving 
a Stein (1964) type estimator. This estimator is simple but not smooth. We derive a smooth estimator which 
improves upon the BAEE of entropy. The IERD approach is also used to derive a class of improved 
estimators. Secondly we have studied the estimation of entropy of two exponential populations with a 
common scale parameter and ordered location parameters based on several sampling schemes namely (i) i.i.d. 
sampling, (ii) record values, (iii) Type-II censoring (iv) Progressive Type-II censoring. The BAEE is shown 
to be inadmissible by deriving two improving estimators. In particular, the improved estimators are also 
derived with respect to the squared error loss and the linex loss functions. For both the cases the risk 
performance of the improved estimators is compared numerically using simulations. 

In Chapter 8, the problem of estimating parameters of a Pareto distribution is investigated under a 
general scale invariant loss function when the scale parameter is restricted to the interval (0; 1]. Techniques 
for improving equivariant estimators developed by Stein, Brewster-Zidek and Kubokawa are adopted to 
derive improved estimators. In particular improved classes of estimators are obtained for the entropy loss and 
a symmetric loss. Risk functions of various estimators are compared numerically using simulations. 
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This thesis presents better constructions of functional encryption (FE) for inner products and 

(revocable) attribute-based encryption (ABE), introduces the notion of functional signcryption (FSC) 
together with a concrete FSC scheme, and designs improved (verifiable) constrained pseudorandom function 
(CPRF). We precisely make the following contributions: 

 We present the first non-generic and simple FE scheme for inner products, achieving the full-hiding 
security in its strongest form. The construction is built in prime order bilinear group, under the 
Symmetric External Diffie-Hellman assumption. 

 We design a selectively secure ABE scheme for arbitrary polynomial-size circuits, featuring short 
ciphertexts and shorter decryption keys compared to the existing similar constructions. We further 
present two selectively secure directly revocable ABE (RABE) schemes which are the first to 
support general circuits and constant number of revocation controlling components within 
ciphertexts and decryption keys. The public parameter size in our first RABE construction is linear 
to the maximum supported number of decrypters, while in our second construction we reduce it to 
logarithmic. Our ABE and RABE constructions are developed using multilinear maps, under 
standard complexity assumptions. 

 We propose a new cryptographic primitive, termed as functional signcryption (FSC), that unifies the 
functionalities of both FE and FS into a cost-effective formulation. We also present an instantiation 
of FSC that supports arbitrary polynomial-size circuits, based on indistinguishability obfuscation 
(IO). We further exhibit some representative applications of FSC. 

 In EUROCRYPT 2016, Deshpande et al. presented a CPRF construction supporting inputs of 
unconstrained polynomial length, based on IO. We demonstrate that contrary to their claim, the 
proposed CPRF actually achieves security not in the selective model, rather in a significantly weaker 
model where the adversary is forbidden to query constrained keys adaptively. We show how to allow 
adaptive constrained key queries in their construction. We propose an improved CPRF by carefully 
modifying their construction without any additional heavy-duty tool, and redesign the security proof. 
Our CPRF is further enhanced to present the first construction of constrained verifiable 
pseudorandom function (CVPRF) supporting inputs of unconstrained polynomial length, employing 
only standard public key encryption. 
 

Keywords: functional encryption, inner product, full-hiding security, attribute-based encryption, general 
polynomial-size circuits, revocation, functional signcryption, constrained pseudorandom function, 
constrained verifiable pseudorandom function, Turing machines, bilinear maps, multilinear maps, 
indistinguishability obfuscation 
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This thesis presents a numerical study on fluid flow and heat transfer of nanofluid in an enclosure 
as well as in microchannels. The main objectives is to analyze the heat transfer augmentation using nanofluid 
in several flow configurations. The mathematical model is based on conservation principles of fluid and heat 
transport, which leads to the equations governing the flow and thermal _led are the Navier-Stokes equations 
coupled with the energy equation. A control volume based algorithm is used for the numerical solution of the 
transport equations. Chapter 1 of the thesis is introductory, which is followed by five main chapters and a 
chapter providing the overall conclusions and future scope. 

In Chapter 2, we numerically investigate the mixed convection due to a Cu{water (copper-water) 
nanofluid in a square enclosure. The fluid flow and heat transfer characteristics are studied for a wide range 
of Reynolds number and Grashof number so as to achieve the Richardson number greater or less than 1. Heat 
flow patterns are analyzed through the energy flux vector. The rate of enhancement in heat transfer due to 
the addition of nanoparticles is analyzed. The entropy generation is analyzed to demonstrate the 
thermodynamic optimization of the mixed convection. 

The effect of skew angle on the heat transfer, temperature uniformity and entropy generation of a 
Cu-water nanofluid is studied in Chapter 3. Our computed result shows that the flow field, heat transfer rate, 
entropy generation rate, are sensible to the skew angle and nanoparticle volume fraction. The heat transfer 
rate and entropy generation rate increases with an increase of the nanoparticles volume fraction. We obtained 
maximum heat transfer rate and minimum entropy generation rate when the skew angle is at 900. Further, a 
higher rate of enhancement in heat transfer compared to the augmentation rate in entropy generation can be 
achieved for higher value of the skew angle. 

In Chapter 4, we numerically investigate the effect of the inclination angle and the skewed angle on 
the heat transfer performance and entropy generation of Cu-water nanofluid in an inclined skewed enclosure. 
The critical inclination angle for optimum heat transfer is determined in the present configuration. We find 
that the heat transfer rate and entropy generation rate are sensible to the inclination angle, skew angle and 
nanoparticles volume fraction. However, the average Nusselt number and the total entropy generation rate 
are independent of the inclination angle when the buoyancy effect is negligible (lower value of the Richardson 
number). The heat transfer rate and entropy generation rate increases with the increase of the nanoparticles 
volume fraction. 

Subsequently, the effect of nanoparticles size, temperature difference on the mixed convection of a 
Cu-water nanofluid in a differentially heated skewed enclosure is studied in Chapter 5. We consider both the 
homogeneous and non-homogeneous model. Our computed results show that the average rate of heat transfer 
based on the non-homogeneous model overestimate by a slight mergin the result based on the homogeneous 
model. Further, the effect of Brownian motion and thermophoresis on the mixed convection of a Cu-water 
nanofluid is found to be negligible.  

In Chapter 6, the thermal-hydraulic performance of a Cu-water nanofluid in a microchannel with 
patterned hydrophobic or superhydrophobic patches aligned on the channel wall is investigated. We have 
considered that there may exist an arbitrary shift between the patterns at the top and the bottom wall. We 
determined the optimal position of the hydrophobic or superhydrophobic patches for enhanced heat transfer 
and reduced pressure drop. The effects of the slip length and the temperature jump on the heat transfer and 
entropygeneration is analyzed. Our computed results show that the heat transfer rate and entropy generation 
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rate increases with the increase of the nanoparticle volume fraction and Reynolds number. The heat transfer 
and the entropy generation rate increases with the increase of the slip length. In addition to that, with the 
increase of the slip length the friction factor reduces. 

 
Keywords: Nanofuids; Mixed convection; Forced convection; Entropy generation; Hydrophobic; 
Superhydrophobic; Nusselt number; Numerical solution. 
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Spectral theory of bounded linear operators occupies an important position in modern functional 
analysis due to its several applications in various fields. In Banach space, the spectrum of a bounded linear 
operator is classified in many ways. One of the important classification among them is the point spectrum, 
the continuous spectrum and the residual spectrum. Recently, an important classification of spectrum is given 
by Goldberg (1966). Many mathematicians such as Rhoades, Reade, Gonzalez, Altay, Basar, Srivastava and 
many others have shown their interest in this direction to get the spectrum and the fine spectrum of some 
classes of bounded linear operators. In order to locate the spectrum of a bounded linear operator on Hilbert 
space, numerical range of the bounded linear operator plays an important role. 

The study of geometrical properties of the numerical range of a bounded linear operator provides a 
powerful tool to understand the operator as well as its spectrum. Two great mathematician Toeplitz and 
Hausdorff have shown that the numerical range of a bounded linear operator is always a convex set in the 
complex plane. Using this fact, many mathematicians such as Donoghue, Hildebrandt, Sims, Shields, 
Lancaster, Ridge, Chien, Spitkovsky, and many others have derived interesting results regarding the 
numerical range of bounded linear operator on Hilbert space. The present work is aimed to obtain some 
spectral results of triangular band matrices with finite bandwidth over some sequence spaces and to study the 
geometrical properties of the numerical range of some classes of perturbed operators on Hilbert space. The 
thesis consists of six chapters including introductory chapter. 

Chapter 1 deals with motivation, survey of earlier research work carried out in the direction of the 
spectrum of linear operators in both Banach and Hilbert space and also the works done on the shape of the 
numerical range of bounded linear operators on Hilbert space. Relevant definitions and known results 
regarding spectrum and numerical range are also discussed. 

Chapter 2 is devoted to study the spectrum, the point spectrum, the continuous spectrum and the 
residual spectrum of some operators which are of the form Pn(T), where Pn(z) denotes the polynomial of 
degree n and T is a bounded linear operator acting on a Banach space. Using these results, we derive the 
results on the spectrum, the point spectrum, the continuous spectrum and the residual spectrum for the infinite 
upper and lower triangular band matrix with finite bandwidth, acting on some sequence spaces. These results 
unify the results of earlier workers and can be obtained as particular case on choosing a suitable type of Pn(z). 

In Chapter 3, the spectrum, the point spectrum, the continuous spectrum and the residual spectrum 
along with some Goldberg’s classification of spectrum for the operator Δa,b on the sequence space lp(1 < p < 
∞) are also studied, where the sequences a = {an} and b = {bn} are not necessarily convergent. 

Chapter 4 deals with some conditions under which the boundary of the numerical range of the Jacobi 
operator J does not have any point spectrum. Using these results we have also discussed the possible shape 
of the boundary of the numerical range for the operator J. 
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In Chapter 5, Anderson’s theorem are generalized for the operator which is of the form T = N + K, 
where N is a normal operator and K is a compact operator. The possible shape of the numerical range of the 
operator T = H0 + K, where H0 is a Hermitian operator and K is a compact operator are also discussed. 

Chapter 6 highlights the conclusion as well as future scope of research in the direction of the work 
done in the thesis. 

 
Keywords: Difference operator; Shift operator; Band matrices; Spectrum of an operator; Fine spectrum; 
Sequence spaces; Infinite matrices; Numerical range; Normal operator; Compact operator; Weighted shift 
operator; Bounded linear operator. 

 
 

DESIGN OF PRIVACY PRESERVING SECURE SET INTERSECTION 
PROTOCOLS 

 
Sumit Kumar Debnath 

Supervisor: Dr. Ratna Dutta 
Department of Mathematics 

Accession No.: NB15900 
 

Nowadays, modern society has become dependent on the necessity of electronic information. There 
are numerous real life scenarios where electronic information is often shared among unreliable entities 
preserving the security and privacy issues. As a consequence, there is a strong need of privacy preserving 
cryptographic techniques to enable secret sharing of sensitive information. Among these, Private Set 
Intersection (PSI) and Private Set Intersection Cardinality (PSI-CA) have received considerable attention to 
the recent research community due to their importance and wide applications. PSI and PSI-CA are appealing 
when two entities seek to determine the intersection and cardinality of the intersection respectively of their 
associated private data sets without disclosing any additional information (beyond the set sizes) to each other. 
This thesis presents a variety of solutions in the context of secure set intersection. 

There are several existing works on Mutual PSI (mPSI) and Mutual PSI-CA (mPSI-CA), where both 
the entities receive the output in contrast to one-way PSI and one-way PSI-CA which allow only one of the 
entities to learn the output. The major issues in designing mPSI and mPSI-CA are to attain complexity linear 
to the set sizes in terms of both communication and computation along with the security in the presence of 
malicious adversaries. In this thesis, we came up with solutions to these problems and provide two 
constructions for mPSI and two constructions for mPSI-CA achieving the above features. Each of these 
constructions preserve fairness ensuring that either both the entities or none of them receive the output on 
completion of the protocol. Fairness is achieved by using an o_-line semi-trusted third party, called arbiter, 
who cannot get access to the private information of the entities while follows the protocol honestly. One of 
our proposed mPSI and mPSI-CA do not use any random oracles, thereby are secure in standard model. The 
other two constructions yield security in the random oracle model (ROM). The underlying group in all these 
constructions is of prime order except one Mpsi that uses composite order group. 

Besides, we design size-hiding PSI and PSI-CA employing Bloom filter. The term size-hiding 
implies that the size of the set held by the client never gets disclosed to the server. These PSI and PSI-CA are 
further extended to authorized PSI (APSI) and authorized PSI-CA (APSI-CA), where the client's set is made 
authorized by a trusted third party at the beginning of the protocol. Authorization of the client's set is required 
to prevent the client from arbitrary input manipulation. Similar to PSI and PSI-CA, our APSI and APSI-CA 
preserve size-hiding property. All these constructions achieve linear complexity. Our PSI and PSI-CA are 
proven to be secure in standard model against semi-honest adversaries. On the other hand, APSI and APSI-
CA achieve their security in fully malicious model and in the presence of malicious client respectively without 
using random oracles. In particular, our PSI-CA and APSI-CA are the first to achieve size-hiding property. 
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There is no construction of PSI-CA so far that attains linear complexity and security against 
malicious client in standard model. We address this issue by designing two PSI-CA protocols with the 
aforementioned properties. One of these PSI-CA uses Bloom filter and is significantly more efficient than 
the other one in terms of communication. These PSI-CA protocols are then converted to PSI constructions 
retaining linear computation and communication overheads, achieving security against malicious server as 
well as malicious client. The PSI protocol employing Bloom filter is proven to be secure in the ROM in 
contrast to the other PSI which is in standard model. 

Finally, we focus on constructing PSI scheme with linear computation cost while attaining constant 
communication overhead. We design the first such construction by combining somewhere statistically 
binding (SSB) hash function with indistinguishability obfuscation (iO) and Bloom filter. The scheme 
achieves its security in standard model against semi-honest adversaries. Due to the use of Bloom filter, it 
works fast even for big data subject to the availability of efficient iO construction. 

 
Keywords: private set intersection; fairness; Bloom filter; SSB hash; iO; zero knowledge proofs. 
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The thesis presents a numerical investigation on hydrodynamics of a soft particle with heated 
hydrophobic core and electrophoresis of a soft particle. The mathematical model is based on the coupled 
Navies-Stokes, Energy, ion transport and electric potential equations. The Darcy-Brinkman model is used to 
formulate the flow through the porous layer and gel medium. Chapter 1 of the thesis is introductory. A 
pressure correction-based iterative algorithm, SIMPLE, is used to compute the governing equations in their 
full form. The study is made for a wide range of the flow parameters, occur in the governing equations. 

In Chapter 2, the buoyancy induced mixed convection of a heated spherical particle with 
hydrophobic surface is studied. The influence of interfacial slip on the hydrodynamics of the particle and also 
on heat transfer is studied. The effect of favorable buoyancy effect is also analyzed. In Chapter 3, the 
hydrodynamics of a soft particle in which the surface of the rigid core is hydrophobic is investigated. The 
impact of the shell thickness and permeability on the hydrodynamics is analyzed. The presence of slip length 
on the surface of the rigid core is also studied. In Chapter 4, the mixed convection of a soft (or core-shell) 
particle consists of a rigid core coated with a fluid permeable shell is studied numerically. The effect of 
presence of the permeable layer on hydrodynamics and heat transfer rate is studied. The rate of heat transfer 
is evaluated when the thermal conductivity of the porous layer is higher than the surrounding media. The 
effect of increase in surface temperature on flow separation and drag is also discussed. In Chapter 5, 
propulsion of a hydrophobic particle in gel medium is analyzed numerically. The hydrodynamics for micro-
sized particles by considering the Reynolds number, based on the particle radius and translational velocity, 
as O(1) is considered. The effect of mixed convection on the hydrodynamics of the particle and heat transfer 
rate is studied. The presence of slip length on particle drag and heat transfer rate is also evaluated. 
Subsequently, a numerical study is made on the electrophoresis of a core-shell soft particle based on the first 
principle of electrophoresis in Chapter 6. The sustained solute release from the polymeric shell is also 
considered. No prior condition on particle charge density, Debye length or strength of the applied electric 
field is imposed in the present analysis. The impact of the double layer polarization and relaxation on the 
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electrophoresis is highlighted by comparing with the existing analytical results. The mobility through the 
balance of electrical and hydrodynamical forces experienced by the particle is calculated. The hindrance 
created by the charge cloud on translation of the soft particle is discussed. The electrophoresis mediated 
sustained solute release from the soft particle is characterized . The influence of intrinsic parameters such as, 
surface potential of the core, volume charge entrapped within the polymer layer, softness of the polymer layer 
and bulk ionic concentration is also studied. 

 
Keywords: Nusselt number; Drag force; Mixed convection; Hydrophobic; Electrophoresis; Double layer 
polarization; Electrophoretic mobility. 
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Decision making in any given problem first requires the mathematical formulation of the model. In 
the field of operations research, many problems have been solved by allocating them into multistage decision-
making problems. In multi-stage decision-making problem, the actual problem is partitioned into multi-stage 
problems. Where each stage contains its own problem, which needs to optimize by taking the suitable 
decision at that stage. A transformation equation unites all the stages which use the optimal return from its 
previous stages and gives the optimal return of the actual problem at its last stage. 

The modeling of the real life data into mathematical formrequires as much information as possible. 
The information by which a model is constructed contains a lot of uncertainty. There are mainly two types of 
uncertainty present in the literature (i)Uncertainty due to impreciseness (or vagueness) i.e. fuzziness and (ii) 
Uncertainty due to randomness. For solving an optimization model, decisionmakers have to deal with the 
situations where the parameters of the model contain the information which is either fuzzy imprecise or 
probabilistic random or simultaneously contains both of them. The objective of this thesis, therefore, is to 
deals with the situation where decision makers need to take the decisions in multiple stages and the 
information known to the decision makers is either fuzzy imprecise or probabilistic random or simultaneously 
contains both of them. 

Now there are various optimization models (either contain the fuzzy parameter or contains both 
fuzzy and random) which can be solved by multi-stage decision making using dynamic programming. 
Dynamic programming is an optimization technique, it is used when decisions are made in stages. At every 
stage, it takes the decisions which are based on the sum of the immediate return and the approximate return 
of the future stage, assuming the optimal decision has been made for the following stages. In modern life, 
industry, economic and engineering, the decision makers are surrounded by the optimization problems which 
are too vast in prediction and due to the expansion, it is difficult to solve. Thus keeping this difficulty and 
application of these type of problem in different areas in mind, the methods based on multi-stage decision-
making have been given to solve these type of optimization problem in this thesis. The principal features in 
different models which are discussed in this thesis are as follows: 

Knapsack Problem (Deterministic and Fuzzy weights): 
 Studied the case where theweights are fuzzy and to compare theweights an index of possibility has been 

given. 
Bi-level Programming: 

 Studied the case where the coefficients of objective functions and constraints are fuzzy random variable. 
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 Studied the case where the functional relation between the objectives and constraints are defined 
linguistically. 

Fuzzy rule-base in multi-objective programming: 
 Studied and analyzed the case where fuzzy implications are used to express the control rule between the 

objective functions and constraints in multi-objective programming. 
Separable fuzzy non-linear programming problem: 

 Studied the separable fuzzy non-linear programming problem where the coefficients of objective 
function and constraints are fuzzy number. 

 
Keywords: Multi-stage decision making,Dynamic programming, Imprecision,Uncertainty, Knapsack 
problem, Fuzzy random variable, Linguistic variable, Fuzzy stochastic bi-level programming, Fuzzy rule 
base, Fuzzy inequality, Fuzzy rule-based multi-objective Optimization. 
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Entrainment is a common occurrence in multiphase flow, and involves the movement of one phase 
due to the shear of the other phase and the subsequent entrapment of the first phase in the other. Entrainment 
is common in many natural phenomena as well as man–made systems. While entrainment is beneficial in 
many situations and is exploited in the design of several equipment, it is a nuisance in other cases. 
Entrainment can occur due to the relative motion of one of the participating phases or due to the movement 
of a third phase. Though entrainment in two-phase interfaces has been studied by some researchers, 
entrainment in a liquid-liquid interface due to the movement of a third phase has been studied by only a few. 
The present work studies three cases of entrainment at the interface of immiscible liquid phases caused by 
the vertical motion of a third phase which may be a bubble or a solid body. Extensive experimentation has 
been conducted for each of the three cases using high-speed videography. Through elaborate image 
processing, efforts have been made to understand the underlying physics. Comparison has been made with 
similar fluid dynamic phenomena and scaling laws have been proposed in some cases. 

Experiments conducted on elongated or Taylor bubbles rising through a vertical tube filled with two 
immiscible stratified liquids resulted in entrainment of the heavier liquid in the lighter liquid triggered by the 
upward motion of the bubble. Entrainment is observed when the rising bubble drags the heavier liquid 
attached to its tail as it rises. As a result, a column of heavier liquid forms below the bubble and stretches as 
the bubble rises inside the lighter liquid. On reaching a certain length the column cannot stretch further and 
it breaks. While the lower portion of the column descends back to join the bulk of the heavier phase, the 
upper portion continues to rise upwards with the bubble. The first problem investigates the entrainment 
characteristics and its various stages for different liquid pairs and tube diameters. Though entrainment due to 
the motion of a Taylor bubble is not observed in certain liquid pairs, some other interesting phenomena such 
as detachment of the upper portion of the bubble are observed. Such observations have also been reported 
along with the entrainment characteristics. 

While rising through a wide conduit, a bubble, which is not influenced by the walls, can take a 
variety of shapes ranging from spherical to spheroidal caps or distorted disks depending on its size and fluid 
properties. Entrainment caused by such bubbles while penetrating a liquid-liquid interface has been studied 
for three different liquid pairs. In contrast to Taylor bubbles, these bubbles cause entrainment while rising 
through a stratification of two immiscible quiescent liquids under all conditions investigated. The variation 
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of entrainment characteristics with Reynolds number bears some similarity with the variation of wake 
structure behind a bubble with Reynolds number. Different entrainment regimes are formulated along the 
lines of wake regimes reported by Fan & Tsuchiya (2013). However, there are notable differences between 
the shape of wakes and entrained mass, further, the regime boundaries for wakes and entrainment are not 
identical. The shape and volume of entrained mass, as well as the shape of the entrainment column, can be 
found to follow a trend with increasing bubble size in each regime. 

The settling of spherical bodies through the interface of two liquids, which shows unique patterns 
of entrainment, is another phenomenon studied in this dissertation. As a sphere moves downwards through 
the liquid-liquid interface, the lighter liquid attached to it forms a column. This column, ultimately, splits into 
a conical mass pointing downwards and a mass that is pointed upwards from the descending sphere. The third 
problem investigates the nature of such entrainment including the evolution of the shape and the volume of 
the entrained mass. Experiments were conducted with two liquid pairs having viscosity ratios that are 
approximately reciprocals of each other and entrainment was found to occur in both of them. Two different 
flow regimes are observed here. Aristoff & Bush (2009) identified four regimes of air cavity formation when 
a sphere hits an airwater interface. The regimes observed in the present case are analogous to two of them. 
The shape and volume of the liquid mass entrained seemed to follow two different characteristics in these 
two regimes. In one case, an exponential curve was fitted reasonably well with the experimental data while 
the other was able to be predicted approximately using a modified form of Rayleigh-Plesset equation. 

These experimental studies provide a comprehensive overview of many new phenomena. They also 
provide a more detailed account of the formation of some interfacial structures which were merely mentioned 
by previous researchers.  

 
Keywords: Entrainment, Multiphase flow, Taylor bubble, High-speed photography, Image processing, 
Liquid-liquid interface, Falling sphere, Cavity closure 
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Rotor dynamic systems are often analyzed with ideal drive assumption. However, all drives are 

essentially non-ideal, i.e., they can only provide a limited amount of power. One basic fact often ignored in 
rotor dynamics studies is that the drive dynamics has complex coupling with the dynamics of the driven 
system. Increase in drive power input near resonance may contribute to increasing the transverse vibrations 
rather than increasing the rotor spin, which is referred to as the Sommerfeld effect. The unique feature of 
Sommerfeld effect is a missing speed range during rotor coast up and coast down. The severity of Sommerfeld 
effect is mostly observed in unbalance systems. When the system becomes complex (e.g. multi-disk systems), 
the chance of residual unbalance is high and also some different unbalance conditions arise. The presence of 
unbalance in rotor systems is very common and they are generally due to manufacturing defects and their 
rigorous use in dynamic environment. A small unbalance can cause large vibration and sometimes it is enough 
to destroy the whole system. In rotating systems, more power consumption occurs at resonance zone due to 
Sommerfeld effect and also this leads the vibration amplitudes to a very high value. The vibration amplitudes 
and power consumption drop down to a lower value after the rotation speed makes a sudden increase beyond 
the resonance speed. The full balancing of rotor system is a tedious task, therefore smoother resonance 
passage needed to be performed by predicting the jump voltage and Sommerfeld effect.  



2017‐18	 Abstracts	of	Ph.D.	Theses
 

182	 Indian	Institute	of	Technology	Kharagpur 
 

An analytical steady state energy balance method is performed to predict the Sommerfeld effect in 
single degree freedom foundation system driven by DC motor. The effect of foundation damping on jump 
voltage is also analyzed by root loci. The transient simulation of the full non-ideal system is done by bond 
graph method. The jump voltage for single degree freedom foundation system driven by a three phase 
induction motor is obtained by bond graph approach. The speed control method is performed for the system 
to ensure smoother passage through resonance region. A pure mathematical model is developed to calculate 
the critical speeds and predict the Sommerfeld effect in discrete overhung disk shaft rotor system, offset disk 
shaft rotor system and in a multi-disk rotor system (Discrete means the shaft mass of the system is not 
considered but the shaft stiffness, Internal or material damping presented in the shaft, and bearing damping 
values are considered). The various systems are considered for significant reasons and with substantial 
conditions. The overhung disk shaft rotor systems is highly gyroscopic in nature, the offset disk shaft rotor 
system with lower and higher pare external damping effects are analyzed from frequency excitation and 
stability threshold point of view and the Sommerfeld effect in multi disk rotor system is studied with various 
unbalance conditions. Then the continuous systems of the same models are analyzed by FE Approach. The 
modal analyses of continuous systems are done by FE software Ansys. As Ansys software is incapable of 
modeling non-ideal drive, the modeling and transient simulations of full non-ideal systems are done by bond 
graph approach. The predicted steady state results are validated with transient simulation results.  

The insufficiency in supply power to overcome the resonance may catch the rotor speed at resonance 
and the persistent high vibrations at that zone can damage the machine. Various proposed solutions to this 
problem deal with modifications to the mechanical structure and active/semi-active control of structural 
parameters. This thesis proposes modification to the prime mover so that peak available power is delivered 
exactly at the structural resonance frequency. Various control strategies to modify the torque-speed 
characteristics of permanent magnet, shunt and series wound DC motors to promote escape through resonance 
are considered. Transient simulations are performed using bond graph models for this multi-energy domain 
(here, electro-mechanical) system.  

The prediction of the presence of the Sommerfeld effect is very important from the point of view of 
actuator sizing in a rotor dynamic system designed to operate in super-critical region. One can decide on the 
required motor power and its other ratings needed to drive the rotor through the critical speeds for a given 
maximum allowable eccentricity. On the other hand, if the motor specifications are known then one can 
determine the maximum allowable eccentricity based on which balancing requirements of the rotor may be 
worked out for easy passage through the critical speeds.  

 
Keywords: Sommerfeld effect, Non-ideal drive, Rotor dynamics, Finite element model, Multi-energy 
domain modeling, Bond graph, DC motor control. 
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Two adjacent phases can mutually interact through their intervening interface. If both the phases are 

fluids, the interface becomes deformable and depending on the interaction between the phases, the interface 
may evolve both spatially and temporally in very intriguing manner. Efforts have been made in order to 
understand the interaction of interfaces in various gas-liquid two-phase flow phenomena. Attention has been 
focused particularly to the bursting of Taylor bubble at the free surface inside a conduit, the mutual interplay 
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of bubbles evolving from neighbouring orifices and entrainment of air inside stratified liquid due to rotary 
motion of a cylinder.  

Experiments have been performed to investigate collapse dynamics of axisymmetric and asymmetric 
Taylor bubble at the free surface of different liquids inside vertical and inclined tubes. Retraction of cap film 
and dewetting of wall adhered annular film are found out to be the main fluidic mechanisms behind bursting 
of Taylor bubble. Dissimilar retraction rate in different azimuthal directions from puncture point and drainage 
of wedge shaped asymmetric liquid film adhered to wall are the characteristics of Taylor bubble collapse in 
the inclined tube. Using scale analysis, both retraction and dewetting periods are predicted and matched 
satisfactorily with experimental observations. Numerical simulations are performed to understand the flow 
dynamics around retraction and drainage in both vertical and inclined liquid columns. Volume of fluid based 
interface tracking is used to capture the thin films in adaptive finite volume framework.  

Interactions among three bubbles evolving from inline orifices are observed using high speed 
imaging. Bubbles from equispaced orifices reveal symmetric liquid drainage and gaseous interconnection 
leading unification before pinch off. Asymmetric arrangement of orifices in terms of spacing and diameter 
showed several interesting interfacial structures resulting in partial coalescence and non-coalescence. 
Conception of these different merging patterns is developed from numerical investigations for binary and 
tertiary interactions. A regime map is proposed to separately identify different interactions between bubbles.  

Experimental observation and supporting numerical efforts have been made to investigate the 
entrainment of gas inside liquid due to rotary motion of a horizontal cylinder submerged up to its centre. 
Liquid wrap around the cylinder in receding end of the cylinder and gaseous cusp in the advancing one 
characterizes rotary entrainment in air-water combination. Numerical simulations reveal higher azimuthal 
climb of liquid and gaseous film entrainment originating from cusp for more viscous liquid and air interaction. 
Using scale analysis, it has been shown that viscosity plays a major role in deciding the azimuthal wrap 
thickness. Finally, by balancing centrifugal, viscous and gravitational forces on a liquid element, the wrap 
thickness and the width of the entrained cusp have been predicted showing a good agreement with numerical 
results.  

 
Keywords: Taylor bubble, Liquid film, Dewetting, Submerged orifice, Coalescence, Entrainment, Volume 
of Fluid 
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The primary focus of the present dissertation is to showcase the micro-scale transport phenomena 
of complex fluids whose rheology alters in presence of an electric field and a flow field. Fluids whose 
rheology exhibit strong functional dependence of an electric field presence are known as Electrorheological 
Fluids (ERFs). In this thesis, two broad categories of such ERFs, namely, the Dielectric ERFs (a 
heterogeneous ERF – a suspension of dielectric particles in a dielectric continuous phase) and the Nematic 
Liquid Crystals (a homogeneous ERF – a single-phase continuous medium) have been investigated. More 
precisely, electrorheologically-modulated dynamics of these two most common varieties of ERFs are 
analyzed. Fluid is considered to be confined in a microfluidic environment, exhibiting a rich plethora of 
electrohydrodynamic behavior. To this end, a detailed formulation of the equations governing the dynamics 
of DER fluids and NLC media is derived. 
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With a generic depiction of the underlying electro-hydrodynamic equations, the fundamental 
problem related to the capillary filling dynamics of DER and NLC fluid is addressed and studied under the 
framework of reduced-order formalism. The coupling influences of electrocapillary phenomena, gravity and 
viscous effects are incorporated in the model framework to investigate the rate of capillary front rise and final 
equilibrium height attained. Contrasting features in capillary filling characteristics are observed for the two 
types of fluids under concern. The evaluation of the temporal evolution of capillary front is followed by a 
comprehensive scaling analysis that demarcates the distinctive regimes of the capillary dynamics. Further, an 
experimental perspective is included in these studies to validate the predictive capability of the developed 
theoretical model. 

An essential aspect in studies regarding the microfluidic transport processes is the concept of 
Electrokinetics – a phenomenon which concerns with flow modulations in presence of an induced Electrical 
Double Layer (EDL). Electrokinetics of ER fluids is a very novel concept wherein an EDL, spontaneously 
induced via certain physicochemical reaction between the ER fluid and its confining substrate, provides a 
component of the electric field necessary for ER activation. Towards this, two separate electrokinetic 
phenomena exploiting the intricate ER characteristics of such complex fluids are studied. 

First, the case of spontaneously generated ER behavior due to EDL induction in a concentric 
cylindrical annular (Taylor-Couette) configuration is looked into. It is noted that for both DER and NLC 
fluids, torque transfer between the annulus gets augmented due to the presence of EDL, although the flow 
characteristics show sharp contrast for these two fluids. Since the DER flows are characterized by plug-like 
zone, a further scaling analysis is performed to implicate the plug-zone formation to the observed ER effect. 
The NLC medium, on the other hand, exhibits intriguing shear thinning and shear thickening phenomena 
under different circumstances. Description of such an observation, which showcases the ER effect, has also 
been attempted. Subsequently, electroosmosis of DER and NLC fluids is studied. The DER fluids show 
exciting flow characteristics for variable strength ratios of the EDL and the applied electric fields, whose 
comprehension through a scaling analysis brings forth the existence of different flow regimes. The 
electroosmosis of NLC exhibit interesting electrorheologically-induced flow inversion behavior which is 
validated through a molecular dynamics simulation that is developed and performed for similar flow 
configuration. The induced ER nature along with the involved viscoelastic properties of the NLC medium is 
also highlighted. 

The problems addressed in the present thesis and the outcome from these investigated issues will be 
a precursor to future rigorous experimental and numerical studies related to ER-modulated flow in micro-
confinement. The findings will further help in understanding the underlying mechanism behind ER-
modulated flows and facilitate the designing of futuristic smart micro-devises based on the fundamental 
concepts addressed here. 

 
Keywords: Electrorheological Fluids, Dielectric Electrorheological Fluids, Nematic Liquid Crystals, 
Capillary filling dynamics, Taylor-Couette flow, Electrokinetics, Electroosmosis, Bingham model, Casson 
model, Ericksen-Leslie-Parodi (ELP) model 
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The aim of this study was to carry out experimental investigations on electron beam welding (EBW) of 
precipitation-hardened (PH) Cu-Cr-Zr alloys used as heat sink components in International Thermonuclear 
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Experimental Reactor (ITER) and also spiking phenomenon in EBW of ETP copper plates. Experiments were 
conducted by following central composite design (CCD) and statistical regression analysis was carried out to 
correlate the input parameters, namely accelerating voltage, beam current, welding speed and focusing 
distance for EBW of Cu-Cr-Zr alloy plates, with the outputs. Five welding schedules yielding the higher 
hardness of weld were chosen and then, were subjected to standard metallographic and various microscopy 
techniques to reveal the type, morphology, and distribution of the precipitates and obtain the sub-structural 
information from the weld zone. X-ray diffraction studies revealed the predominant formation of inter-
metallic phases in the welded zones of some of the samples, which could have resulted in higher hardness 
and better electrical conductivity compared to those of other ones. Microhardness values in the fusion and 
heat affected zones were found to be less than that of the parent material. The process parameters considered 
for studying spiking phenomenon are accelerating voltage, beam current, welding speed, focusing distance, 
frequency oscillations and amplitude oscillations. The main process parameters were identified for both the 
cases and their effects on the responses had been investigated. Optimization was carried out to ensure 
minimum weldment area after fulfilling the conditions of maximum bead penetration and minimum deviation 
of the hardness of fusion zone from that of parent material for EBW of Cu-Cr-Zr alloy. The spiking 
phenomenon was characterized in terms of average penetration and standard deviation of penetration. 
Similarly, for spiking phenomenon, optimization was carried out in order to maximize weld penetration and 
minimize standard deviation of penetration. These optimization problems were solved using Genetic 
Algorithm (GA), Particle Swarm Optimization (PSO) algorithm and desirability function approach 
separately. The optimized results were verified through real experiments and a good agreement between them 
was achieved. In both the cases, the GA was found to perform slightly better than other approaches.  

 
Keywords: Electron beam welding, Cu-Cr-Zr alloy, ETP copper plates, microstructure, microhardness, X-
ray diffraction, precipitate volume fraction, electrical conductivity, spiking phenomenon, optimization, 
genetic algorithm, particle swarm optimization, desirability function. 
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Welding has been one of the important and crucial manufacturing processes in the present industrial 

scenario. It is being practiced in various leading sectors such as the railways, ship building, automobiles, 
construction, aerospace etc. The wide application of the welding process as an operation indicates its 
importance. The welded structures would be deployed in various equipment, some of them being operated 
on the floor, some being the parts of an aircraft, rail wagons etc. The point to be stressed upon is the life of 
these structures upon whom the daily life of the human is dependent, and also serves the need of the industry. 
Thus, the welding technique being employed in an industry and also the type of material under the experiment 
are imperative. In the present research, one such welding technology has been adopted and a light metal has 
been taken into account to benefit the industries breakthrough in a more defined path.  

The welding technique explored here is Friction Stir Welding (FSW) which based on the concept of 
solid state joining technique. This novel joining technique was first implemented for aluminium alloys, which 
has now expanded its application to a wide range of materials. Patented by TWI, UK, FSW is the most 
promising welding technology for joining a range of metals which are difficult to join by the conventional 
fusion welding techniques. Heat produced by a non-consumable and rotating tool helps to join two mating 
surfaces. As the tool is the most vital part of FSW, various divergent tools have been developed to increase 
the potential of the process.  
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Based on the available theories and concepts provided by TWI, “The inventor of FSW”, a novel tool 
design titled “Counter-rotating twin tool” has been developed, fabricated and employed to weld aluminium 
alloy in the present work. The present work provides an advancement to repair the voids and defects arising 
particularly in aluminium FSW process, termed re-welding technique or MP-FSW. Rather to throw an 
expensive piece as scrap, repairing of defective portion will be desirable by conventional means. To overcome 
this traditional technique, Twin-stir can be a cost-effective technique. Hence, a wide range of process 
parameters and variants of the welding process have been taken into account to visualize the different aspects 
of this novel technique. Mechanical as well as metallurgical properties of the weld such as tensile strength, 
micro-hardness, surface roughness, fractograph, microstructure have been quantified to determine the effect 
of the developed tool. Further, residual stresses in the welded samples, corrosion analysis, and weld defects 
produced in the samples have also been analyzed. The temperature and power prevailing during the process 
of welding have also been evaluated. The obtained results have been compared and analyzed with those 
obtained with the traditional single-tool. In addition, a case study, also showing the temperature and power 
consumption with different gaps between the leading and follower tool, has also been analyzed.  

 
Keywords: Friction stir welding, friction stir processing, twin-tool, single-tool, multi-pass 
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Large eddy simulation (LES) of incompressible turbulent flow has been carried out for both single 
and parallel jets. The governing equationswere discretized using second-order central difference scheme on 
a staggered grid arrangement. The dynamic Smagorinsky model (DSM) is used to resolve the subgrid scale 
stress tensor. A second-order time-accurate Adams-Bashforth fractional-step method was used for time 
integral, where the advective and diffusive terms were treated explicitly. The pressure Poisson equation has 
been solved by the conjugate gradient method in order to correct the pressure and velocity field. Multi-
processing is used to reduce the computational time with the OpenMP extension of C++ code. For validation 
of the numerical code, the incompressible backward-facing step flowhas been studied using large eddy 
simulation (LES) with dynamic Smagorinsky model (DSM) for Reynolds numbers of 100, 200, 397 and 648. 

Later, detailed studies of three-dimensional spatially developing turbulent planar single and parallel 
jets have been carried out by large eddy simulation (LES). The jet Reynolds number is 4000 based on the 
inlet velocity and jet width. The transition from laminar to turbulent flow has been numerically identified and 
discussed in details. The evolution of vortex roll ups, their transportation and final disintegration to smaller 
vortices have been visualized by the plot of isosurface of Q criterion. The coherent structures in turbulent jets 
have been well demonstrated. The time series plots of λ2 criterion shows the swirl and shear nature of the 
evolving vortices and their passage in the downstream. The time averaged velocity at far downstream (x = 
10 and 15) shows a self-similarity behavior where the flow has established a fully turbulent nature. The 
energy spectra are shown to exhibit the -5=3 power law. The proper orthogonal decomposition (POD) shows 
that 90% of the fluctuating kinetic energy is contained within the first 100 modes. The probability density 
function on the centerline (y = 15 and z = 2:5) for different x locations are plotted and the corresponding 
skewness and kurtosis values are reported for u, v, w and p. The Prandtl’s mixing length, Taylor microscale 
and the Kolmogorov length scales are shown along the lateral direction for different downstream locations. 
The autocorrelation in the longitudinal and in the transverse direction are seen to follow a similarity profile. 
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Reynolds stress anisotropy tensor is calculated and the anisotropy invariant map (AIM) known as Lumley’s 
triangle is presented and analyzed. 

 
Keywords: planar free jet; planar free jet; LES; shearing and swirling vortices; proper orthogonal 
decomposition; coherent structures; mixing length; correlations. 
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Laser cladding is gaining ever-increasing popularity as a weld deposition technique compared to 

other conventional methods because of its many advantages, viz., controlled and precise deposition with 
focused laser beam generating high power densities, fast heating and cooling rates producing fine meta-stable 
phases and a wide variety of microstructures with novel properties. However, repeatability and 
reproducibility in multiple overlapped layers’ deposition for coating and fabricating components with desired 
mechanical properties, like in conventional processes is one of the major limitations for its widespread 
applications. A large number of process parameters including system dependent ones make the reproduction 
of results elsewhere difficult.  

In laser cladding, as in other thermal deposition processes, mechanical properties of fabricated parts 
are dictated by the developed microstructure which is controlled by the thermal history of the process. 
Therefore, developing a better understanding of the process and control over its thermal history to obtain 
consistent microstructure and mechanical properties in the whole part is much needed. Hence, the current 
study focuses on the monitoring of molten pool thermal history i.e. heating rate, cooling rate, molten pool 
lifetime and solidification shelf time, and effects of process parameters on them and its correlation with the 
resulting microstructure and mechanical properties in laser cladding of different types of materials. Materials 
investigated include Inconel 718 and metal matrix composites consisting of Inconel 718 and WC, TiC and 
in-situ produced TiC. It has been found that the thermal history is most influenced by the laser scan speed 
and contains the signature of the evolved microstructure, elemental segregation and mode of solidification in 
Inconel 718, wetting of WC ceramic particles and decomposition, distribution and coalescence of TiC 
particles in MMC, all of which influence the resulting mechanical properties. Further, a process map based 
on PD/V2 value, where P, D and V are laser power, beam diameter and scan speed respectively and molten 
pool lifetime has been built for obtaining an optimum range of laser process parameters for the desired clad 
quality. This work can be extended for ensuring reproducibility in laser additive manufacturing through 
online monitoring and controlling the molten pool thermal history. 
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Friction stir welding (FSW) is a solid state joining process and is efficient in welding aluminum 
alloys. Study on material flow mechanism, forces and defect formation are important as it could help in proper 
selection of process parameter and pin design. Their experimental study is exhaustive due to lots of post weld 
analyses. Numerical modeling could be an efficient method to study the material flow and defect formation. 
This will reduce the cost associated for material and development of infrastructure. Literature suggest that 
Lagrangian method could be used to model all the three phases of FSW.  

In the current research work, two different three-dimensional thermo-mechanical models are 
developed to simulate FSW. First model is developed based on the Lagrangian method. The developed model 
is used to model FSW for AA2024 and AA6061 aluminum alloys. For AA2024 material, the model is 
validated with the forces and spindle torque data obtained from the literature. Two different pin shapes viz. 
conical and threaded conical are compared in terms of forces, material flow, material velocity, effective strain 
and strain rate. Threaded conical pin produced higher deformation and vertical flow of the material among 
the two. For AA6061 material, in-house experiments are performed to validate the model with temperature, 
force and spindle torque. Three different pin shapes, namely, cylindrical, triflat and square are compared. For 
flat pin surfaces bulk material flow is prominent, while shearing or layer by layer material flow is more 
prominent for cylindrical pin. Distribution of the material is uniform across the stirred region for the triflat 
pin while it is stretched towards the advancing side for the square pin.  

Second model is developed using coupled Eulerian Lagrangian method to predict the defect 
formation based on volume of fluid principle. Effect of tilt angle on defect formation is studied and simulation 
predicted defect is compared with the experiments.  

Lastly, the Lagrangian model is used to compare twin tool and single tool FSW. Twin tool produces 
uniform distribution of temperature and strain as compared with single tool FSW. Higher material velocity 
and lower thermal gradient is also observed for twin tool FSW.  

 
Keywords: Friction stir welding; Finite element modeling; Lagrangian method; Coupled Eulerian 
Lagrangian; Twin tool; Defects; Material flow 
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The application of electric field has emerged as one of the most efficient techniques to mobilize 

liquid drops in lab-on-a-chip devices and biological assays. In this dissertation, efforts have been made to 
analyze the electrostatic actuation of droplets in different scales and scenarios though lamped parameter based 
analytical approach, computational modeling of electro-hydrodynamics, molecular dynamic simulation 
and experimental investigation.  

First, the motion of a sessile droplet along an inclined surface under the electric actuation force is 
analytically modeled using an equivalent capacitance network. The interplay between the gravitational pull 
and the electrostatic force is analyzed by varying the actuation voltage, substrate wettability, inclination and 
droplet volume. Based on this, the voltage map for the steady droplet motion over a humped surface is 
obtained. 

The electro-hydrodynamics of droplet motion and merging has been studied computationally. The 
internal circulation and interface deformation during droplet upclimbing along an inclined surface have been 
simulated. The electric phenomenon is coupled with the hydrodynamics by the inclusion of the volumetric 
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electrostatic body force as a source term in the two-phase momentum equations. The hydrodynamics of 
droplet coalescence driven by liquid dielectrophoresis is also investigated. 

Molecular dynamic simulations are performed to analyze the influence of the external electric 
field on the transition of the wetting mode over pillar-arrayed surfaces. The interdependence of the energy 
barrier of wetting transition and the electrostatic force is analyzed by varying the pillar arrayed texture on a 
charged base substrate. The mechanism of the wetting transition on a surface having heterogeneous pillar-
array is analyzed. Translation of a sessile nano-droplet under the external electric field is also investigated. 
The frequency of shifting of the charged region below the drop and the magnitude of the assigned charge on 
the substrate are varied to understand the drop dynamics. 

Finally, an experimental investigation has been made to device a low cost electrowetting 
arrangement for the actuation of droplets. The electrodes are fabricated by wet etching of the copper coated 
FR4 board. PDMS and commercially available polyethylene layer is used to insulate the droplet from the 
bare metal surface. The electrowetting surface is infused with n-Undecane to reduce the contact angle 
hysteresis. The feasibility of droplet actuation by this arrangement has been demonstrated and the associated 
limitations have been identified. 

 
Keywords: Electrowetting, Liquid dielectrophoresis, Electromechanical approach, Droplet, Volume of fluid 
method, Molecular dynamic simulations, Maxwell stress, Energy minimization. 
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Numerical and Experimental studies are carried out on a supercritical carbon dioxide based natural 
circulation loop (NCL). Constant heat flux boundary condition is considered for the heater (source side) and 
water-cooled or air-cooled heat exchanger is considered for the cooler (sink side). Numerical analysis is 
carried out considering wall axial conduction and heat loss to the ambient for high-temperature water-cooled 
NCL to study the effect of loop geometry (loop diameter, height, heating and cooling length), wall material, 
thickness, insulation and ambient temperature. Subsequently, an air-cooled CO2 based NCL is modeled 
considering fin and tube type cross-flow heat exchanger. This is being reported for the first time for an air-
cooled CO2 based NCL. The extensive numerical analysis is implemented to study the effect of various 
controlling parameters such as heater power, air inlet temperature, and air velocity. Based on the numerical 
results, an experimental set-up is designed and developed for a high-pressure and high-temperature NCL 
based on supercritical CO2. To minimize the required system charge, pressurizer (expansion tank) is not 
included in the system. Comprehensive tests have been carried out for the steady-state operation to investigate 
the effect of loop charge. Transient analysis is done to reveal the startup/ shut-down, step-up/step-down 
characteristics. Finally, accidental fan failure and complete power failure cases are investigated in detail. 
Based on the experimental results under steady-state conditions, a regression correlation that relates Reynolds 
number with modified Grashof number is obtained. Results show that at higher heat inputs, the system charge 
should be chosen properly to avoid problems due to overpressure when the charge is excessive and that due 
to over-temperature when the charge is deficient. There exists a threshold velocity for the external coolant 
(air) in the heat sink, below which the system pressure rises very rapidly leading to possible catastrophic loop 
failure. It is expected that this study will be useful in the design and safe operation of supercritical CO2 based 
natural circulation loops. 
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Keywords: Experimental studies; fan failure; air-cooled heat exchanger; natural circulation loops; numerical 
studies; supercritical carbon dioxide; steady-state operation; transient operation. 
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The aim of this dissertation is to study the electrohydrodynamic manipulation of suspended drops 
and emulsions in the combined presence of imposed electric field and imposed flow field. The following two 
important aspects are studied: (i) modeling of the motion and shape deformation of an isolated drop; (ii) 
modeling of the emulsion stress of a dilute suspension of drops. In the creeping flow regime, a general 
framework is developed to study the electrohydrodynamics of drops assuming the interacting fluids as 
Newtonian and leaky dielectrics. Special attention is devoted to include the nonlinear electrohydrodynamic 
couplings such as surface charge convection and shape deformation. 

Towards investigating the electrically modulated motion of a suspended drop, an analytical theory 
is developed in the limit of small charge convection and small interface deformation to study the gravitational 
settling motion of a buoyant drop in arbitrarily oriented uniform electric field. The direction of application of 
the uniform electric field relative to the direction of gravity has a profound effect on the drop velocity, which 
is also validated with experimentation. This study shows that inclusion of surface charge convection and 
shape deformation leads to a non-intuitive lateral motion of the drop perpendicular to the direction of gravity 
in the presence of a tilted uniform electric field. To investigate the effect of flow curvature, an analytical 
theory is developed in the limit of small charge convection and small interface deformation to study the 
motion dynamics of a neutrally buoyant drop in the combined presence of uniform electric field and plane 
Poiseuille flow. The direction of application of uniform electric field relative to the direction of plane 
Poiseuille flow has a profound effect on the drop velocity, which is also validated with numerical simulations. 
This study shows that inclusion of surface charge convection and shape deformation leads to a non-intuitive 
cross-stream motion of the drop in the presence of a tilted uniform electric field. Notably, deterministic 
transverse positioning of the drop can be achieved by applying a tilted uniform electric field. To investigate 
the effect of spatially nonuniform electric field, an analytical theory is developed in the limit of small charge 
convection and small interface deformation to study the gravitational settling motion of a drop in 
axisymmetric but nonuniform electric field. The effect of finite surface charge convection is also studied 
analytically in the weak electric field limit. This study shows that the nonuniformity in applied electric field 
significantly affects the settling speed of the drop. 

Towards investigating the electrically modulated dynamics of dilute emulsions, an analytical theory 
is developed in the limit of small charge convection and small shape deformation to study the 
electrohydrodynamics of drop under the combined influence of uniform electric field and uniaxial extensional 
flow. This study shows that the extent of drop deformation not only depends on the material properties of the 
drop and medium but is also governed by the strength of the applied electric field relative to the applied flow 
field, which is also validated with numerical simulations. The presence of uniform electric field is found to 
augment or decrease the effective extensional viscosity of a dilute emulsion when the surface charge 
convection and shape deformation are present. To investigate the emulsion shear rheology, an analytical 
theory is developed to study the electrohydrodynamics of drop under the combined influence of uniform 
electric field and simple shear flow. A smalldeformation perturbation analysis is performed to study this 
coupled electrohydrodynamic problem. This study shows that the combined influence of charge convection 
and shape deformation can augment or decrease the effective shear viscosity. Notably, in the presence of 
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tilted uniform electric field a dilute emulsion exhibits non-Newtonian behaviour such as shear-rate-dependent 
effective viscosity and non-zero first and second normal stress differences. 

The results and conclusions from the present thesis facilitate the research community to understand 
the fundamental principles and mechanisms leading to the motion and deformation of the drops in the 
presence of imposed electric field and imposed flow field. The analytical findings show that dynamics of 
drops and emulsions can be effectively modulated by exploiting the electrohydrodynamic couplings present 
in the system. This understanding is essential to achieve fine-tuned dynamics of drops and emulsions, which 
can have potential usefulness towards design and development of droplet-based microfluidic devices. 

 
Keywords: Electrohydrodynamics, Leaky Dielectrics, Drops, Emulsions, Shape Deformation, Surface 
Charge Convection, Sedimentation, Cross-stream Migration, Extensional Viscosity, Shear Viscosity, Normal 
Stress Differences. 
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Transfer of heat can take place either due to a difference in temperature or due to change of phase. 
Accordingly, it is termed as sensible or latent heat transfer. There are some typical equipment which exploit 
both sensible and latent heat transfer. Such equipment are unique as they often transfer a substantial amount 
of heat across a small temperature difference; thereby they are preferable both from aspects of energy 
conversion and environmental protection. Many of these equipment either require low amount of electrical 
energy or are passive devices. Therefore, their relevance in the domestic, commercial and industrial sector 
need not be over emphasized. In the present work, the analysis of three such devices namely evaporative heat 
exchangers, pot-in-pot refrigerator, and cooling and dehumidifying fins are attempted and their performance 
has been evaluated over a wide range of operating parameters.  

Cooling towers and air washers can be termed as evaporative heat exchangers. The most recent 
technique of cooling tower analysis, termed after the name of its proposer, the Poppe method, relaxes most 
of the approximation adopted by the earlier analyses. Cooling tower analysis by the Poppe method is outlined 
in the present work as the basis of evaporative heat exchanger analysis. Based on that, the analysis of air 
washer has been developed. The performance of some specific air washers has been made over a wide 
variation of operating parameters. Next, the same methodology has been used to develop the formalism of 
effectiveness-NTU analysis of air washers. This effort has brought this unique direct contact heat exchangers 
for heat and mass transfer in the general ambit of a design of the traditional heat exchangers.  

A pot-in-pot refrigerator or a clay pot refrigerator is a typical evaporative refrigerator used in case 
electricity is not available or affordable. In this work, this low-cost, passive, environment- friendly device is 
investigated both experimentally and theoretically. The tests have been conducted for three such devices in 
an environmental chamber at different relative humidity and dry bulb temperature and the test results have 
been utilized to obtain the pot efficiency, the COP and the variation of other parameters with the ambient 
conditions. Besides, both a one-dimensional steady state analysis and a transient, axisymmetric two-
dimensional analysis of the device have been conducted. The presence of the porous medium as clay and 
sand have been given a special considerationfor modelling the clay pot. The effect of ambient conditions on 
mass transfer coefficient, evaporation loss, hydraulic conductivity of clay and sand have been studied and 
analyzed. Experimental results and theoretical predictions provide a close match (within 2%).  
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Lastly, an extensive experimental investigation followed by a theoretical analysis has been done on 
solid and porous fins for cooling and dehumidification of ambient air. The dehumidification of air or the 
condensation of water vapour occurs only when the temperature of the fin is lower than the dew point 
temperature of the air passing across the fins. The visual observation of dehumidifying phenomenon over a 
fin inside an environmental chamber identifies four stages which include larger droplets, very fine droplets, 
the film like region and dry region. The porous fins are found to have a tendency to retain the condensate. 
This will prevent further direct contact between the fin material and air. The suitability of porous fin for 
dehumidification application should be judged carefully. The maximum dehumidification occurs at the base 
of the fin. The porous fin is also subjected to forced convection. Good comparison between theory and 
experiment is observed. 
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The present investigation is undertaken to study the grindability aspects of air plasma sprayed 

ceramic coatings. Six ceramic coatings namely alumina, fine alumina, alumina − titania, titania, chromia and 
yttria stabilized zirconia were taken into consideration for this purpose. The powder morphology and the 
coating characteristics were studied under scanning electron microscope (SEM) and optical microscope. All 
coating demonstrated good microstructural integrity. The coating nanoscopic features were studied under 
transmission electron microscope (TEM). Equi−axed grains were found to grow in the plane of the coating. 
The coating porosity was found to depend on the melting point of the powder and also the powder size. All 
coatings showed tensile surface residual stress. The magnitude of this residual stress was found to depend on 
the elastic modulus of the coating material and coating defect density. After primary characterization of the 
plasma sprayed coating, the coated coupons were subjected to plunge surface grinding using precision 
grinding and high speed grinding machines employing single layer electroplated diamond wheels. Grinding 
forces, force ratio and specific grinding energy were studied. In both cases, the results pointed towards micro-
brittle fracture to be predominant mode of material removal. This is further corroborated by short broken chip 
formation during grinding. The chip morphology did not change with variation in the grinding parameters 
like downfeed, workspeed and wheelspeed. The ground surface and subsurface was examined using SEM 
and focused ion beam assisted SEM, respectively. Signatures of micro- fracture was observed in both cases. 
The ground surface, as usual, harbor residual stresses. However, this stress, unlike metals, does not have a 
thermal origin. This is attributed to retention of material properties by the ceramic coatings at grinding 
temperature.  

 
Keywords: plasma spray, ceramic oxide, powder morphology, high speed grinding, super abrasive, grinding 
chips, residual stress. 
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Carbon nanotube (CNT) is well known for its strength and stiffness. It can be used as reinforcement 

in a plasma sprayed ceramic coating and improve its properties. However, CNT has a tendency to 
agglomerate. These agglomerates cause disturbance in powder flow during plasma spraying and exacerbate 
the properties of the coating. It is possible to disperse CNT in a ceramic powder using heterocoagulation, a 
colloidal processing technique. In this investigation three micro-size ceramic powders, namely, agglomerated 
alumina, crushed alumina and crushed titania, were doped with 1 or 2wt% CNT using three procedures, 
namely heterocoagulation, ball milling without crushing media and ball milling in the presence of ethanol. It 
has been observed using X-ray dot mapping that heterocoagulation produced a homogenous dispersion of 
CNT in the ceramic powder. The flowability of powders was quantified with the help of standard powder 
feeder. The heterocoagulated powders exhibited better flowability as compared to conventional powders. 
Next, these powders were plasma sprayed on bond coated steel substrate to produce coatings. The CNT 
retention and dispersion in the coatings were characterised using Raman spectroscopy and Raman imaging 
techniques, respectively. The Raman image revealed that the CNT was dispersed homogeneously in the 
coating produced from the heterocoagulated powder. During spraying, the molten ceramic spread over CNT 
elements or aligned bundles by capillary action and protected it from the hot plasma plume. Hence, CNT 
suffered only limited damage. All coatings had shown good microstructural integrity. The properties of the 
coatings produced from the heterocoagulated powders were superior to those of the coatings produced from 
the pristine powders. For example, the heterocoagulated crushed alumina coating demonstrated 29% decrease 
in porosity, 9% increase in hardness, 23% increase in indentation fracture toughness, and 20% increase in 
elastic modulus. Morphology of splats with and without CNT were compared. The CNT reinforced splats 
were bigger, disc shaped and were more resistant to scratching as compared to the unreinforced splats. The 
scratch adhesion strength of the full-grown coatings was measured using micro scratch tester equipped with 
a Rockwell C type conical indenter. The scratch adhesion strength of the CNT reinforced coatings was upto 
176% higher than that of the conventional coatings. The wear performance of the heterocoagulated crushed 
alumina coatings was compared with the pristine crushed alumina coatings using a ball on disc tribometer. A 
6mm WC-Co ball was used as a counter body. The wear rate was measured in terms of mass loss and wear 
coefficient. The wear resistance increased in the following order: coatings with no CNT, 1wt% CNT and 
2wt% CNT. This is attributed to an increase in coating hardness, toughness and cohesive strength and a 
decrease in coating porosity in presence of CNT. Fatigue and microfracture were the predominant wear 
mechanisms. 

 
Keywords: thermal spray; plasma spray; carbon nanotube; zeta potential; heterocoagulation; splat; scratch 
test; wear test. 
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Bipedal stabilization and walking has often been modelled using a multi-degree of freedom inverted 
pendulum from a control systems perspective. The double inverted pendulum and its cart-pole equivalent 
provides a range of interesting control options in the form of an underactuated system which is useful for the 
development of control paradigms for bipedal walking. Bipedal walking involves control and motion 
planning under a wide range of state and load variations. The associated non-linear system involves 
stabilization and motion generation which has been the interest of several researchers in terms of developing 
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new control strategies. Neuro dynamic control has been considered in this thesis due to its emergence as a 
new method and its similarity with natural neural control in human walking. Reinforcement learning based 
control scheme for bipedal system which may be used in humanoid robotics or in active prostheses situations 
is considered. A model based on the bond graph technique combined with a musculoskeletal representation 
of the physical system has been developed to study the basic system performance. Various linear and non-
linear controllers have been designed and studied. Further, neuro dynamic approach to Reinforcement 
learning, Q learning in comparison with sliding Mode control have been studied and analysed on variants of 
the system. Motion planning for bipedal robots was carried out for stabilization with Fuzzy Logic Control 
using zero moment point error and its derivatives as input and ankle joint correction angle as output. 
Experimental verification of some of the control schemes was carried out on a rotary inverted pendulum using 
sliding mode control and state feedback control. 
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Laser welding is emerging as one of the promising technologies for joining variety of materials with 

and without filler materials. An attempt was made to study the laser welding process of sub-millimeter-thick 
stainless steel sheets of SS 304 and SS 316 type with the help of 2 kW Yb–fiber laser system. The welding 
was carried out in butt joint configuration by shrouding with argon gas without using any filler material. The 
objective of this study was to find out the variation and the optimum values of laser welding operating 
parameters over the changing thickness of sheets. Hence the selected thicknesses for SS 304 were 0.25 mm, 
0.4 mm, and 0.8 mm and for SS 316 they were 0.2 mm, 0.56 mm, 0.85 mm. Central composite design 
technique was used to design the experiments to study welding with continuous mode of laser. The selected 
input parameters were laser power (W), welding speed (mm/min) and focal point position (mm). For 
characterization of the laser welding in pulse mode (PL), percentage of overlap of two consecutive welded 
spots was varied from 40% to 80% in continuous seam pulse mode welding. To study the quality of welded 
joints, the selected responses were ultimate tensile strength (UTS), weld width (WW) and microhardness. 
The results obtained showed that laser beam welding of SS 304 and SS 316 in butt joint configuration could 
be done successfully in pulsed as well as continuous mode of 2 kW Yb–fiber laser for sheets of thickness as 
low as 0.2 mm. Microstructure of laser welded joints was greatly affected by heat input, welding speed and 
the composition of the base materials. SS 304 weld got solidified by FA mode and SS316 weld got solidified 
by AF mode. Higher UTS was obtained for CW welded joints than the pulsed laser welded joints. For CW 
welding, the UTS for majority of welded joints exhibited higher values compared to BM. The percentage 
elongation for all the welded joints got reduced than its BM elongation. The developed second order 
polynomial equation for CW welding could predict the values of the weld quality characteristics with 
significant accuracy. The developed empirical model was tested with ANOVA with confidence level of 95%. 
The weld width increased linearly with increase in laser power and with decrease in laser scan speed. The 
pulsed welded joints of SS 304 exhibited higher UTS for 60% to 70% overlap and SS 316 exhibited higher 
UTS for 70% to 80% overlap. The corrosion resistance of welded joints was in the permissible range as 
compared to its base material and it increased with decrease in thickness of welded joints. The corrosion 
resistance deteriorated with increased line energy during welding. The CW welded joints of the same sheet 
exhibited higher joining efficiencies than the PL-welded joints. The XRD analysis also revealed the effect of 
increase in heat input on the formation of certain oxides without formation of any intermetallic compounds. 
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Thus, the similar study can be extended to study laser welding of dissimilar materials in the sub-millimeter 
thickness in future. 

 
 

FACTORS INFLUENCING THE THERMAL CONDUCTIVITY OF NANOFLUIDS AND 
THEIR RATIONALIZATION THROUGH EXPERIMENTATION AND 

MATHEMATICAL MODELING 
 

Aparna Zagabathuni 
Supervisors: Prof. Sudipto Ghosh and Prof. Shyamal Kumar Pabi 

Department of Metallurgical and Materials Engineering 
Accession No.: NB16005 

 
Suspension of nano-size particles (<100 nm) in fluids, usually termed as nanofluid, are known to 

show higher thermal conductivity as compared to the base fluid. The thermal conductivity enhancement in 
the nanofluids reported by different investigators, often vary over a wide range. The present work aims to 
identify the cause of this wide variation. In course of the present work it was discovered that the thermal 
conductivity enhancement of nanofluids depends not only on the volume fraction, size distribution and shape 
of the nanoparticles, base fluid, surfactant addition, temperature, and sonication time, but also on the 
container material and the type of the measuring technique used.  

Four different type of nanoparticles (Ag, NiAl, α-Al2O3, and γ-Al2O3) have been dispersed in base 
fluids to prepare nanofluids. The average and local thermal conductivity of water-based Ag and NiAl 
nanofluids held in polypropylene and metallic containers using transient hot-wire method revealed a new 
phenomenon. The local thermal conductivity of water-based Ag nanofluids significantly varied with position 
in the metallic container, but not in the polypropylene container. This observation has been attributed to the 
electric charge development (inferred from cyclic voltammetry) on the surface of the metallic container, 
which resulted in high concentration of metallic nanoparticles near the container wall as compared to the 
centre of container. Similar observation has been found in the case of water-based NiAl nanofluid, but not in 
water-based Al2O3 nanofluid (Al2O3 does not have free electrons). Similarly, this phenomenon was not 
observed for ethylene glycol based Ag-nanofluid, due to charge neutralization by ethylene glycol on the 
container wall.  

A wide difference has also been observed in the thermal conductivity of Ag, α- Al2O3, and γ- Al2O3 
nanofluids when measured by transient hot-wire and laser flash methods. This anomaly has been 
quantitatively resolved on the basis of the collision mediated heat transfer model of nanofluid. Collision 
mediated heat transfer model revealed that significantly smaller size of liquid pool (~ 50 μl) used in laser 
flash method, as compared to that liquid pool available in the transient hot-wire method (~ 50 ml), results in 
significantly lower frequency of collision of nanoparticles with the wall of heat source. This, in turn, results 
in significantly lower enhancement of thermal conductivity in the laser flash method. This analysis also gives 
an indication that the nanofluids are unlikely to be effective for heat transfer in micro-channels.  

 
Keywords: Nanofluids; Thermal conductivity; Container material; Transient hot-wire method; Laser flash 
method; Collision mediated heat transfer model. 
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A modified 9Cr-1Mo steel received in normalized and tempered condition has been separately 

subjected to different normalization treatments varying the austenitization temperatures (1100°C / 1025°C / 
950°C) and different hot-rolling treatments varying the finish rolling temperatures (1050°C / 1000°C / 950°C 
/ 875°C). A combination of both these processing was also carried out by hot-rolling at different temperatures 
and normalizing each hot-rolled plate from different temperatures. The amount of deformation applied on 
each hot-rolled plate was constant having true strain of ~ 0.7. The processed samples were finally tempered 
at 750°C and tested for tensile and Charpy impact properties following standard procedures. A substantial 
improvement in upper-shelf energy (USE) by 20 J and reduction in ductile-to-brittle transition temperature 
(DBTT) by ~20°C has been noticed in normalized samples, in comparison to the As-received plate, especially 
for the sample normalized from 1025°C. Although hot-rolling increased the strength significantly (by ~100 
MPa), it reduced the ductility by more than 10% and increased the DBTT by more than 25°C. Among the 
hot-rolled samples, the plates rolled at 1050°C showed the best combination of high USE (comparable to the 
As-received steel) and low DBTT. The results have been analysed considering the effect of normalization 
and rolling temperatures on the parameters related to the microstructure and crystallographic texture of the 
steel, such as, prior-austenite grain size and martensitic packet size, ferrite fraction, effective grain size, 
fraction of the low-angle boundaries, fraction of {100} cleavage planes parallel to the main fracture plane 
and the fraction of {110 and 112} slip planes along the 45° to the main fracture plane (i.e. along the maximum 
shear stress plane). ‘Effective grain size’ represents the crystallographic unit over which cleavage crack 
propagates in an uninterrupted fashion. For the study of macro- and micro-texture, X-ray diffraction based 
texture goniometer and electron back-scattered diffraction (EBSD) technique were used, respectively. 

The Impact properties of the investigated samples were represented in terms of USE, DBTT, 28J 
impact energy transition temperature, general yield temperature (Tgy), blunt-notched dynamic fracture 
toughness (Kjd) and reference temperature ( ). Kjd was determined following the modified Schindler’s 
procedure for the same strain rate as that of the standard Charpy impact tests. Correlation between different 
transition temperatures and their conservativeness were analysed in view of the fracture safe design. Finally, 
microstructural parameters were related to the impact transition temperatures based on the microstructural 
and fractographic studies. 

The effect of hierarchical martensitic microstructure having different structural units of varying 
length scales (i.e. lath, sub-block, block, packet and prior-austenite grain) on the micro-mechanism of 
deformation and fracture have been elucidated by studying the propagation of cleavage cracks and the 
formation of shear cracks within the investigated samples using EBSD technique and visco-plastic self-
consistent (VPSC) polycrystalline plasticity model. The study indicates strong influence of certain 
crystallographic variants on the c leavage crack propagation. The ‘martensitic block’ was found to be the 
‘effective grain’ controlling the impact toughness at low temperatures, where cleavage fracture dominates. 
Dynamic fracture at high temperatures, on the other hand, was found to be dictated by cracking along the 
shear bands, evolution of which depend on the size and distribution of the prior-austenite grains. 

An attempt has also been made to study the effect and evolution of microstructure and texture of the 
normalized samples during creep deformation at three different temperatures (550°C / 600°C / 650°C). The 
sample normalized at 1025°C show better creep resistance at the low temperature (550°C) and the high 
temperature (650°C) creep regimes. The creep properties are correlated with the microstructural parameters 
and their stability, precipitate-dislocation interaction and crystallographic texture. 

 
Keywords: 9Cr-1Mo Steel, Martensite, Crystallographic texture, Thermomechancial processing, Charpy 
impact testing, Tensile testing, Creep testing, Effective grain, Adiabatic shear band. 
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The present work deals with the evolution of nanostructure in Cu100-xZnx (0 ≤ x ≤ 30 wt.%) upon 

cryorolling. The effect of stacking fault energy (SFE) on the evolution of crystallite size (D), dislocation 
density (ρd), twin fault probability (β), extrinsic faults probability (EF), and their mutual interactions during 
cryorolling in pure copper (SFE 78 mJ/m2) and copper–zinc alloys with varying Zn content of 10 wt.% (SFE 
35 mJ/m2), 20 wt.% (SFE 19 mJ/m2), and 30 wt.% (SFE 14 mJ/m2) have been studied in detail. The effect of 
cryorolling strain ( CR) up to 1.4 on the evolution of homogeneity and refinement in terms of twin lamellae 
thickness, twin spacing, and their distribution, have been studied using high-resolution transmission electron 
microscopy (HRTEM) and microhardness measurements. It has been revealed that cryorolling introduces 
nanotwins with varying lamellae thickness in the range of 28 -170 nm in Cu70Zn30. X-ray peak broadening 
analysis of Cu70Zn30 has shown that the D reduces down to 20 nm at CR = 0.95, which scales with the subgrain 
size in preexisting twin lamellae, as revealed under HRTEM. The effect of ρd and D on thestrength of 
nanotwinned Cu70Zn30 has been correlated using an analytical model. The ρd, β, and EF increases, whereas, 
D decreases upon cryorolling and with the decrease of SFE. Accumulation of dislocations at the twin 
boundaries promotes grain refinement by forming subgrains inside the twin lamellae. Detail investigation on 
the activity of structural defects during cryorolling of Cu/Cu-Zn alloys has been done through resistivity, 
positron lifetime and Doppler broadening measurements. Nanoindentation studies have performed to 
understand the deformation kinetics of the cryorolled Cu/Cu-Zn alloys with high concentration of structural 
defects in term ofstrain rate sensitivity and activation volume. A micromechanical model has been used to 
demonstrate the effect of SFE and the role of structural defects during nanostructuring. The effect of 
annealing time and temperature on the compressive properties of nanocrystalline Cu70Zn30 cryorolled up to 
CR= 0.4 has been studied. An anomalous increment in the compressive flow stress of about 20-25% has been 

observed during annealing at 165 °C and 200 °C. Characterizations of various structural defects from the x-
ray peak broadening analysis and HRTEM have been performed in order to understand the anomalous 
annealing hardening behavior. 

 
Keywords: Cu/Cu-Zn alloys, Cryorolling, Nanostructured materials, Grain refinement, Nanotwinning, 
Homogeneity, Microstructure, Mechanical properties 
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Tribological problems are of significance for several engineering components made of austenitic 
stainless steels used in sodium cooled fast breeder reactors (FBRs). Sliding, reciprocating and rotational 
motions as well as static contact between the mating components of Prototype Fast Breeder Reactor (PFBR) 
lead to adhesive wear, high friction coefficient and the tendency for self-welding. One of the commonly 
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adopted solutions to overcome these problems is to provide a hard coating on the mating surfaces of the 
components. The primary focus of this investigation is to understand the tribological behaviour of Ni-Cr-B 
hardface coating in flowing sodium for efficient functioning of the PFBR. 

Ni-Cr-B hardface coating, processed by gas tungsten arc welding, on 316LN stainless steel substrate 
has been used in this investigation. The chemistry, microstructural features, phase constituents, mechanical 
properties like hardness, and the nature of bonding between the coating and the substrate were examined prior 
to tribological studies. Tribological behaviour of Ni-Cr-B hardface coating has been investigated in liquid 
sodium at 823 K using an in-house designed and fabricated set-up, supplemented by similar tests in air for 
both substrate and the coating at room temperature. Ni-Cr-B hardface coating exhibits lower wear rate 
compared to 316LN stainless steel because of its considerably higher hardness than the substrate. The wear 
damage in Ni-Cr-B coating has been attributed to work hardening and surface delamination, unlike severe 
plastic deformation and fracture in 316LN stainless steel. The selected hardface coating indicates lower 
friction coefficient in flowing sodium than in air. This has been explained by the lubrication effect due to 
liquid sodium and the inference has been supported by surface damage analyses by SEM and confocal 
microscopy. 

The major inferences from this investigation are: (i) friction coefficients and wear rates of Ni-Cr-B 
hardface coating in liquid sodium at 823 K are of magnitudes that are well within the design criteria for 
various components of PFBR, (ii) a high temperature pin-ondisc tribometer with design features suitable for 
testing in liquid sodium environment is successfully designed, fabricated, installed and tested in reactor grade 
flowing sodium and (iii) self-welding is unlikely to occur in the mating surfaces of Ni-Cr-B hardface coatings 
for reactor operation of 40 years. 

 
Keywords: austenitic stainless steel, fast breeder reactor, liquid sodium, wear, friction, self-welding, Ni-Cr-
B hardface coating, pin-on-disc tribometer 
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In industrial environment, the operating conditions pose challenges to the performing material, 
especially its welded joints, due to prevalence of high temperatures, pressure as well as aggressive 
environment. In a fabricated structure, weldment region is often considered as the weakest section where 
failure initiation occurs due to the presence of welding defects. Compared to cost effective conventional arc 
welding techniques, methods based on high energy density heat sources with minimum heat input like 
electron beam welding (EBW) or laser beam welding has an edge towards minimizing the heat damage to 
the material. EBW is one of the advanced and emerging welding processes with additional advantages like 
producing cleanest possible joint under vacuum environment, thicker weld in single pass, producing tougher 
joint for difficult to join dissimilar materials etc. Beam oscillation is an important process variable in EBW, 
which is reported to produce a churning action in the liquid weld pool reducing defects. However, effect of 
beam oscillation on similar and dissimilar welds has not been explored for several metal/alloy systems. 

In the present study, three different weld configurations such as copper to 304SS, 316L SS to 316L 
SS and Ti-6Al-4V to Ti-6Al-4V were butt welded using EBW with oscillating beam of two different 
diameters (1 and 2 mm) as well as nonoscillating beam. The joints were thoroughly inspected for their 
soundness using Xray radiography as well as three dimensional X-ray computed tomography. Subsequently, 
they were characterized comprehensively by microscopic investigations, residual stress measurements and 
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aqueous corrosion tests. The mechanical properties were evaluated by performing various tests like 
microhardness, tensile, Charpy impact, three point bend, creep and low cycle fatigue etc. in accordance with 
the ASTM standards. 

In copper–304SS joints, it was observed that joints prepared using oscillating beam with optimum 
oscillation diameter produced excellent mixing in the weld pool leading to evolution of more homogeneous 
microstructure and enhanced properties especially ductility and impact strength. Such joints also 
demonstrated presence of fewer defects like porosity and microcracks. Moreover, majority of the cracks were 
found to be back filled by copper owing to better mixing. In case of joints produced with oscillating beam of 
higher oscillation diameter, large amount of copper was found in the fusion zone in the form of chunks. Such 
observations may be attributed to melting of more copper, limited dissolution of copper in iron, and localized 
copper segregation. Such non-homogeneous microstructure possibly is the cause of stress generation, 
formation of microcracks and porosities in the segregated copper in the fusion zone. Use of non-oscillating 
beam did not facilitate either melting of enough copper or its mixing to produce a tough joint. However, the 
results pertaining to aqueous and pitting corrosion tests demonstrated that joints prepared with oscillating 
beam had poor corrosion resistance. This may be attributed to prevalence of less amount of copper in intimate 
contact with steel in the fusion zone forming galvanic couple. 

All the 316L SS joints irrespective of their employed welding conditions were found to be perfectly 
sound and defect free. Joints prepared with oscillating beam demonstrated narrow fusion zone with fine 
grained microstructure of lathy ferrite morphology. While joints produced with non-oscillating beam showed 
evolution of ferrite in skeletal morphology. Moreover, joints prepared with oscillating beam demonstrated 
the presence of higher content of delta ferrite in the fusion zone, lower residual stress, better pitting and 
aqueous corrosion resistance, better mechanical properties like higher notch tensile and Charpy impact 
strength as well as higher creep rupture life. It is worth mentioning that unlike Copper–SS joints, 316L SS 
similar joints prepared with higher oscillation diameter demonstrated better properties which may be 
attributed to better mixing in the absence of any liquid separation.  

Ti-6Al-4V similar joints produced with oscillating beam of 2 mm diameter were found to exhibit 
better properties as those of 316L SS joints. They not only possessed narrowest fusion and heat affected zones 
but also minimum defects like porosity, undercut etc. Their fusion zone microstructure demonstrated the 
presence of acicular α' martensite with reduced content of retained β phase. Accordingly, even if they 
possessed slightly higher residual stress values but such stress values were considerably lower than joints 
prepared by arc welding. They also demonstrated better pitting corrosion resistance and bio-compatibility, 
improved Charpy impact strength, fatigue life, and higher % elongation than those produced with non-
oscillating beam. However, joints prepared with higher oscillation diameter registered better mechanical 
properties than those made with lower diameter. 

Finally, a hypothesis has been proposed to throw more light on the prevalence of better heat and 
mass mixing in the weld pool during the use of an oscillating beam.  

 
Keywords: Electron beam welding (EBW); Beam oscillation, Copper; Stainless steel (SS); Ti-6Al-4V; 
Microstructure; Mechanical property; Corrosion; Residual stress; Defect analysis 
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In the present investigation, surface engineering of Interstitial Free (IF) steel has been carried out by 
plasma assisted surface engineering techniques to improve its wear and corrosion resistance properties. 
Plasma nitriding aims at development of a wear and corrosion resistant nitride layer on IF steel and 
understanding the effect of prior cold deformation, time and temperature of nitriding on kinetics and 
mechanism of nitriding. The detailed investigation included the effect of plasma nitriding on the 
microstructures developed, residual stress and phases and a detailed study of the effect of plasma nitriding 
on the wear resistance and corrosion resistance properties. The study also extended to develop sacrificial (Zn) 
and barrier coatings (Ti and Sn) on IF steel by DC magnetron sputtering technique and studying the effect of 
sputter deposition on characteristics of coating (microstructure, micro-stress, phase) and its properties 
(corrosion resistance). Finally, attempts have also been made to understand the effect of multilayering and 
co-deposition (developed by magnetron sputtering technique) of a combination of sacrificial and barrier 
coating on the corrosion behavior of sputter deposited IF steel.  

Plasma nitriding has been carried out in pulsed direct current glow discharge mode at an applied 
voltage of 540-710 V with 3-6 A current in the temperature range 350-480 ˚C for a time period of 1-4 h. The 
phases formed after nitriding are mostly γ-Fe4N with a small volume fraction of Fe3N, embedded in ferrite 
matrix. Nitride volume fraction increases with nitriding time and temperature. The kinetics of nitriding is 
enhanced with the degree of prior cold deformation. Detailed characterization reveals that plasma nitriding 
of 80% cold deformed IF steel leads to significant improvement in hardness and wear resistance particularly 
after nitriding at 480 ˚C for 4 h. In addition, plasma nitriding also raises corrosion resistance of IF steel and 
the increment seems directly related to the increase in nitride volume fraction at the surface. Thus, plasma 
nitriding following prior cold deformation appears an appropriate surface engineering strategy to enhance 
surface hardness and resistance to both wear and corrosion of IF steel, which otherwise possess a fairly poor 
bulk strength and does not respond to usual bulk/surface hardening treatments. Twin target magnetron 
sputtering assisted deposition of two Sn-Zn alloy coating namely Sn-8.8 wt.% Zn and Sn-30 wt.% Zn on IF 
steel substrate with an aim to improve resistance to corrosion and scratch has been studied. The study includes 
deposition from pre-alloyed as well as separate elemental (Sn and Zn) targets with independent control of 
sputtering current and voltage. Single magnetron sputtering gives finer deposition while volume fraction and 
size of the microstructure is higher in case of twin zinc target magnetron sputtering. Alloy composition 
achieved by controlling deposition rate using magnetron individual power. Film growth followed same 
angular direction as the angle between substrate plane and magnetron central axis. Sputtering using pre-
alloyed target showed four-fold hardness increment as compared to as received IF steel substrate. Magnetron 
sputtering yields relatively smooth top surface of tin- zinc. Corrosion potentials for both the sputtered coated 
tin-zinc compositions as well as multilayered deposition found comparable with galvanized steel. A detailed 
investigation of sputtering of titanium (Ti) and zinc (Zn) on interstitial free (IF) steel for improving its 
corrosion resistance. Sputtering has been conducted on freshly polished and ion etched IF steel using a DC 
magnetron sputtering technique. Followed by sputtering, a detailed investigation of the microstructures, 
phase and composition of sputter deposited coating were characterized by scanning electron microscopy, 
energy dispersive spectroscopic technique and X-ray diffraction techniques. Finally, the mechanical and 
electro-chemical properties of the sputter deposited surface were evaluated. There is an improvement in 
average surface micro-hardness (350-700 VHN) due to sputter deposition as compared to as-received IF steel 
(190 VHN). For the sputter deposited titanium the average surface microhardness is 500 VHN, for zinc it is 
350 VHN and for bilayered surface, the average surface microhardness is 700 VHN. Due to sputtering, there 
in improvement in wear resistance property of IF steel as compared to as-received substrate. The corrosion 
rate is marginally decreased (2.95 x 10-2 mm/year to 3.25 x 10-2 mm/year) in sputter deposited surface as 
compared to the as-received IF steel (3.55 x 10-2 mm/year). The corrosion rate is minimum is sputter 
deposited titanium (2.95 x 10-2 mm/year).  

The thesis has been structured into five chapters. Chapter 1 describes the introduction of the present 
work. Chapter 2 provides a critical review of the earlier works reported in literature pertaining to different 
surface modification techniques as applied to IF steel with an aim to improve its surface properties towards 
tribological properties. Chapter 3 represents the experimental details illustrating: (i) procedure for different 
surface engineering techniques adopted in the present study, (ii) characterization techniques adopted for the 
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modified surfaces, (iii) procedure for measurement of mechanical properties such as hardness, nano 
indentation, diffusion, grain size, interface, lattice strain and wear, (iv) methodology for evaluation of 
corrosion property. Chapter 4 describes the results and discussions pertaining to as received and surface 
modified IF steel. This chapter also presents a summary of the major conclusions drawn from the present 
work. Finally, Chapter 5 presents a suitable comparison of the adopted surface modification techniques, 
summary, major conclusions drawn from the present study and its future scope.  

 
Keywords: IF steel, plasma nitriding, sputtering, wear, corrosion 
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A study has been carried out on processing and structure-property relations of silicon carbide (SiC) 
being consolidated from nanometric powders with the objective of identifying suitable processing steps and 
methodologies for achieving desirable combinations of microstructure and mechanical properties.  

Nanocrystalline SiC based spherical granules have been produced using spray-freeze-drying (SFD) 
technique through the optimization of polyethyleneimine (dispersant) content, pH and solid loading of 
aqueous based slurry. Subsequently, a comparative evaluation has been carried out between microstructure 
and mechanical properties of SiC consolidated by pressureless sintering (SSiCA), hot pressing (HP) and spark 
plasma sintering (SPS) of SFD-SiC granules. Further, an investigation has been perfomed to examine the 
influence of pressure and temperature on densification, microstructure and mechanical properties of the spark 
plasma sintered SiC using powder with 40 nm particle size as raw material.  

It is observed that zeta potential and isoelectric point of SiC particles increases with the increase in 
PEI concentration upto 2 wt%. The pH range ≈ 7.6-9.3 has been optimized for obtaining minimum viscosity 
of the SiC slurry. The optimum slurry composition for obtaining desirable combination of flowability and 
viscosity for formation of the SFD granules has been found as :18 vol% SiC powder loaded slurry, 6wt% PEI 
(MW 25000), sucrose equivalent to 3 wt% C, and 1 wt% B4C. Viscosity of SiC slurry and atomization gas 
pressure have a pivotal role in controlling the granule size.  

On examining the microstructure of sintered SiC, it is noticed that SSiCA and HP-SiC exhibit 
elongated and interlocking α-SiC grains along with equiaxed β-SiC grains; whereas, the spark plasma sintered 
SiC shows only equiaxed β-SiC grains. TEM examination of the sintered SiC has revealed the presence of 
glassy phase at grain boundaries and triple junctions, which appears to have promoted the densification 
through liquid phase formation during consolidation at elevated temperatures. The glassy phase at the grain 
boundaries is found to be continuous and wider in the SPS-SiC, whereas it is found to be relatively less 
prominent in case of the HP-SiC, and can be hardly found in the SSiCA.  

On comparison of mechanical properties, it has been found that the HP-SiC possesses superior 
relative density and mechanical properties (elastic modulus, hardness, flexural strength and fracture 
toughness) compared to those of SSiCA or SPS-SiC. The presence of α-SiC in the microstructure contributes 
to significant toughness enhancement by promoting crack deflection and grain-bridging. The SPS-SiC has 
exhibited the worst mechanical properties, because of relatively lower density as well as presence of higher 
amount of interfacial brittle glassy phase at the SiC grain boundaries. Applied pressure and temperature used 
for SPS are found to have a significant influence on densification and microstructural evolution, with the best 
mechanical properties being observed in the SiC sintered at 1500°C. 
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Depletion of coking coal reserves, generation of fines, strict environment norms have motivated the 
researchers to look beyond the blast furnace. One such alternative strategy is to use iron ore and coal fines in 
the form of cold bonded composite pellets and reduce those in a Rotary Hearth Furnace (RHF). The intimacy 
between the iron oxide and carbon particles improves the mass transfer efficiency, carbon utilisation that 
lowers CO2 emission. However, the RHF suffers from low productivity due to heat transfer limitations that 
restricts the number of layers on the hearth. In the present research, a comprehensive study has been carried 
out on the reduction behaviour and kinetics in multi-layer bed RHF. Efforts have been made to increase the 
heat and mass conductance in multi-layer bed by tailoring the size, shape of the pellet, varying the internal 
carbon content, employing suitable additives, and different bed packing materials. Iron ore-coal composite 
pellets have been reduced in a laboratory scale three-layer bed RHF at 1250°C for 20 minutes. Pellets were 
packed in three layers in a SiC-graphite crucible and placed on the rotating hearth. The reduced pellets have 
been characterised through weight loss measurement, estimation of porosity and shrinkage, qualitative and 
quantitative phase analysis by XRD, morphology study by SEM, and measurement of compressive strength. 
The reduction results of the RHF has been analysed using an existing mathematical model (developed in our 
laboratory) to estimate the rate parameters and phase evolution with time. The model has also been used to 
calculate the thermal efficiency of the system.  

The variation in size and shape of the pellets in RHF produced a significant variation in the extent 
of reduction between the layers in three-layer bed RHF. The top layer showed higher degree of reduction 
(DOR) in the case of smaller and tablet shaped pellets, whereas, the bottom layer showed higher DOR with 
bigger and spherical pellets. The middle layer did not show much variation and registered the minimum value 
among the three layers. The results have been explained in terms of volatile usage, bed packing, specific 
surface area, and heat diffusion distance of the pellets.  

The amount of coal in the pellet, represented in terms of CFix/Fe2O3 molar ratio, showed a 
significant influence on the reduction efficiency in multi-layer bed RHF. It has been observed that there is an 
optimum level of carbon (CFix/Fe2O3 ratio of 1.66), which is well below the upper stoichiometric level for 
direct reduction of hematite (C/Fe2O3 ratio of 3), caused maximum reduction, better carbon utilisation, and 
productivity in multi-layer bed RHF. It has been inferred that low carbon containing pellets promotes indirect 
reduction that leads to better utilisation of carbon and higher extent of reduction. Top layer showed higher 
extent of reduction when the carbon content in the pellet was low (C/Fe2O3 ratio < 2.33), whereas, the bottom 
layer showed higher DOR in high carbon containing pellets (C/Fe2O3 ratio > 2.33), which has been attributed 
to better volatile usage at bottom layer under lower heating rate.  

Some experiments were carried out with pellet bed packed with graphite, sand, and coal to examine 
the effect of such packing materials on the efficiency of heat transfer to the pellets. The bed without any 
packing material or packed with coal demonstrated better reduction results compared to the bed packed with 
graphite and sand. Against the general conviction, the worst result produced by the high conducting graphite 
as the bed packing material has been attributed to unfavourable heat partitioning between graphite and pellet.  

The effect of CaO has been studied at two carbon levels in the pellet. The addition of CaO to the 
pellet has been found to be beneficial only at high carbon level (C/Fe2O3 ratio of 3) at an optimum level of 
4% CaO. Both thermodynamic calculation and experimental results (SEM/EDS) indicated that the presence 
of CaO restricts the formation of liquid fayalite and promotes crystalline phases that favour reduction through 
better gas movement. However, presence of CaO showed no beneficial effect in low carbon containing pellets 
(C/Fe2O3 ratio of 1.66). Thermodynamic study indicated at low carbon level fayalite is more likely to form.  
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The coal with higher fixed carbon, lower volatile and ash content produced better reduction results 
in three-layer bed RHF.  

The reduction data of the RHF has been analysed using an existing mathematical model for different 
carbon containing pellets. The beauty of the model is that it uses two input data at the input and output of 
RHF and predicts continuous evolution of solid phases with time. The model estimated apparent activation 
energy for wustite conversion is found to be lowest indicating a mixed controlled kinetics. The apparent 
activation energy value has also been found to be lowest for three layer bed. Thermal efficiency calculated 
based on model data, is found not to vary significantly with increase in the number of layers at least up to 
three layers. However, thermal efficiency is found to decrease with the increase in carbon content in the 
pellet, which has been attributed to higher carbon consumption through endothermic carbon gasification 
reaction.  

In order to generate temperature and time dependent data which was not easily possible in RHF, 
some single pellet experiments were done in a tube furnace. The reduction results of single pellet experiments 
indicated that the reduction in low carbon containing composite pellet was more temperature sensitive 
compared to that in the high carbon containing pellets, which are more likely to be controlled by heat and 
mass transfer.  

 
Keywords: Iron Ore-Coal Composite Pellet, Rotary Hearth Furnace, Reduction Efficiency, Carbon 
Efficiency, Productivity, Rate Parameters, Thermal Efficiency. 

 
 

DEVELOPMENT OF ALUMINUM-ALUMINA AND ALUMINUM ALLOY-ALUMINA 
BULK NANOCOMPOSITES BY ULTRASONIC CASTING AND THEIR 

CHARACTERIZATION 
 

Vishwanatha H M 
Supervisors: Prof. Sudipto Ghosh and Prof. Cheruvu Siva Kumar 

Department of Metallurgical and Materials Engineering 
Accession No.: NB15901 

 
The thesis presents a novel two-step ultrasonic casting technique for development of bulk metal 

matrix nanocomposites with a view of producing high strength-to-weight ratio materials and green light-
weight materials. A newer feeding technique called layer-wise feeding is used in the two-step ultrasonic 
casting for enhancing the efficacy of the particle dispersion in the liquid melt during contact ultrasonication. 
The main focus is on studies of effects of two-step ultrasonication on the dispersion of hard ceramic nano-
sized dispersoids in the ductile matrices using ultrasonic casting technology. 

Using the newer two-step technique, an unprecedented uniform distribution of Al2O3 nano-
dispersoids was achieved in the Al matrix. For comparison, the Al-Al2O3 nanocomposites were also produced 
by conventional contact and noncontact processes. All the nanocomposites were characterized using 
Scanning Electron Microscope (SEM), X-Ray Diffraction (XRD), Energy-dispersive X-ray spectroscopy 
(EDS), Transmission Electron Microscope (TEM), and Electron Back Scattered Diffraction (EBSD) 
techniques. Mechanical property testing viz., Vickers microhardness and tensile tests were carried out. 

The microstructure studies revealed that, in the absence of sonication during solidification i.e, 
contact ultrasonic casting, zones of lower cooling rates were formed due to release of latent heat from adjacent 
grains. Those zones resulted in pushing and also grains with devoid of nano-particles. Such non-uniformity 

in cooling rates between the grains was eliminated by the ultrasonication during solidification, and 
eventually, grains with homogeneous particle distribution were formed as a result of two-step ultrasonication. 
The elimination was attributed to the powerful micro-convection due to ultrasonication during solidification. 
A comparative study on distribution of particles as result of the three types of the ultrasonic casting processes 
is presented in this work. 
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Further, the technique was extended to two-phase alloys to disperse Al2O3 nano-particles in a Al-
3wt.%Cu alloy and also in the most widely preferred marine grade AA5083 alloy. However, in these 
nanocomposites, the two-step technique was not able to completely eliminate the zones of lower cooling 
rates, yet no clustering was observed in the microstructures. Such variation in microstructures as a result of 
composition variation was explained on the basis variation of wettability of Al2O3 in Al due to solute addition. 

In all the three types of nanocomposites, the two-step process resulted in—(a) enhanced particle 
distribution both in the liquid melt and in the casting, (b) grain refinement, and (c) excellent mechanical 
properties. An attempt was made to explain the improved mechanical properties on the basis of known 
strengthening mechanisms. 

 
Keywords: Cavitation, Agglomeration, Deagglomeration, Ultrasonication, MMNC, Nanocomposite, 
Microstructure, Wettability, Ultrasonic casting, Pushing, Climb mechanism, Al- Al2O3, Al-3Cu- Al2O3, 
AA5083- Al2O3 
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Accession No.: NB15924 
 

Ever since its introduction to industry in the year 1891, hydrocyclone has served as a simple yet 
effective device for separating particles primarily based on their sizes. However, the performance of any 
hydrocyclone as a size separation device is never perfect due to the presence of strong internal swirling flow 
which results in turbulence. Enormous efforts have been made in various engineering disciplines towards the 
modelling of hydrocyclone separator over the last half century based on phenomenological and numerical 
modeling approaches. Nevertheless, the accrued industrial benefits are still marginal.  

In the present work, we have made an attempt to develop a fundamental basis for analyzing the 
classification behavior of the hydrocyclone using theory, simulations and concurrent experiments. We also 
analyzed the morphological characteristics of the air-core through series of shadowgraph measurements and 
subsequent full scale multi-phase LES simulation. With the aforementioned study in background, we have 
finally developed a mechanistic model for water as well as slurry partitioning behaviour based on 
dimensionless approach to combine the dimensions of hydrocyclone and the G force. To validate the 
proposed model we generated experimental data in a 2 inch diameter cyclone and also collected data from 
literature and industrial plant for lager diameter classifying hydrocyclone. The model predictions compare 
will with those measured experimentally and those reported in literature having an absolute error less than 
10%. A separate model for predicting the partition curve has also been developed which shows good 
agreement with experimental partition curve. However, the developed model does not account for the non-
asymptotic nature of the partition curve in the ultrafine size range.  

One of the intrinsic limitations of the hydrocyclone classifier is the misplacement of fine and 
ultrafine particles in the coarser product steam encountered during the operation of a hydrocyclone in 
industries. This is commonly known as “Bypass” in literature. In this context, we provide a possible cause 
of fine particle misplacement in hydrocyclone. It is found that the “Bypass” is principally driven by the 
turbulent dispersion of the suspended particles in the prevailing swirling flow environment. 
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DEVELOPMENT OF MILL TAILING BASED FLOWABLE PASTE 
BACKFILL COMPOSITE FOR PLACEMENT IN UNDERGROUND MINES 

 
Sandeep Panchal 

Supervisors: Prof. Debasis Deb and Prof. K.U.M. Rao 
Department of Mining Engineering 

Accession No.: NB16097 
 

Utilization of cemented paste backfill (CPB) composite to ameliorate geomechanical stability of 
underground mine is in nascent stage in India. This thesis focuses mainly on the development of CPB using 
mill tailings of uranium bearing dolomitic limestone and determination of various properties for its 
flowability through pipe line reticulation system as well as for supporting underground stopes. 
Characterization of mill tailings is conducted in terms of physico-chemical properties such as particle size 
analysis and it is noticed that finer than 20 μm particles are 47 wt% having irregular shape. The hydraulic 
conductivity of mill tailings is found to be as low as 4.4 x 10-5 cm/s. Then suitable amount of binding agent 
and superplasticizer are added with mill tailings to form CPB. Geomechanical properties of CPB such as 
strength, modulus of elasticity, cohesion and friction angle are also evaluated and it is found that uniaxial 
compressive strength may exceed 1000 kPa for 6 wt% binder content providing sufficient supports to stope 
pillars. It is established that the mill tailing has the potential to form paste and the CPB has adequate strength 
to strengthen mine pillars, roofs and walls. A methodology is presented in the thesis for determining various 
rheological properties mainly yield stress, plastic viscosity and thixotropy of CPB mixture as a function of 
hydration age, binder and SP dosages for 78 wt% of mill tailings in the composite. Results from the 
experimental campaigns suggest that superplasticiser (SP) dosage has significant influence on rheological 
behavior of CPB and can be suitably exploited to enhance the flow characteristics of tailings rich in 
carbonates. Statistical models of these three rheological parameters are also developed considering input 
parameters as hydration age, binder and SP dosages and found that R2 of all the models exceeds 0.95. The 
study is also extended to determine time dependent rheological properties of CPB as it travels to underground 
mine stope through pipeline reticulation. Based on the experimental as well as numerical pipe loop tests, a 
pressure gradient model is also developed considering input variables as diameter of the pipe, plastic viscosity 
of CPB and inlet velocity. It is found that pressure gradient varies nonlinearly with almost square of pipe 
diameter and linearly with plastic viscosity and inlet velocity. In addition, the thesis numerically analyses the 
stability of a room and pillar stope backfilled by the developed CPB in order to develop an understanding its 
strength and deformation behavior in the stope. The investigation suggests that almost 100% filling will be 
necessary to prevent yielding of pillars and hanging wall rock.  

 
Keywords: Uranium; Tailings; CPB; Physico-chemical characteristics; Rheology; Compressive strength; 
Multivariate regression, Numerical analysis 

 
 

SLURRY TRANSPORT IN BLIND BACKFILLING TECHNIQUE 
 

Susmita Panda 
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Accession No.: NB15879 

 
Blind hydraulic backfilling is a commonly used technique to control subsidence of the strata over 

unapproachable water-logged underground mines. In this investigation, studies have been carried out in a 
transparent scaled model of underground mine roadway using simple gravity blind backfilling method. The 
objectives of the thesis are to investigate effects of flow conditions on different flow parameters through 
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experimental and theoretical studies. Since sudden jamming is a major hurdle in filling-up of a large area 
from one borehole, an attempt has also been made to evaluate a pre-jamming indication parameter.  

The study has revealed that the basic process of filling occurs by sand transportation along one or 
more self-formed meandering channels. Theoretical relationships have been developed about channel shape, 
channel area, flow pressure loss etc. for different flow conditions and obtained result has been cross-validated 
with experimental work. The developed relationships among various parameters have been found to be useful 
for practical implementation of gravity blind backfilling process.  

A pre-jamming indication parameter has also been evaluated using stored pressure-time data. The 
pre-jamming parameter, so developed, may be used to indicate the arrival of final stage of filling after which 
not more than 26% filling will be possible with the same flowrate and concentration. In order to prolong the 
filling process either the concentration needs to be reduced or the flowrate may be increased. 

 
Keywords: Gravity blind backfilling method, flow pressure loss, channel cross-section, bed advancement, 
pre-jamming indication parameter, maximum volume of sand throughput. 

 
 

WIND-WAVE CLIMATE VARIABILITY OVER THE HEAD BAY OF 
BENGAL 

 
Anindita Patra 

Supervisors: Prof. Prasad K. Bhaskaran and Dr. Rajib Maity 
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Accession No.: NB16096 
 

The head Bay of Bengal located in the north Indian Ocean is a deltaic area with complex 
geomorphologic setting, and highly vulnerable to threats from sea-level rise and extreme weather events. 
Wind-wave climate influence the physical processes in this coastal environment and subsequently can 
intensify the coastal vulnerability. The impact of climate change on wind-wave regime from this region is 
not known well, and there is a need to perform its long-term assessment for societal benefits. The thesis 
provides a comprehensive analysis on the temporal variability in domain averaged wind speed, significant 
wave height (SWH) utilizing satellite altimeter data and mean wave period using ECMWF reanalysis 
products ERA-Interim and ERA-20C over this region. The SWH derived from WAVEWATCH III (WW3) 
model and ERA-Interim reanalysis supplements the observed variability in satellite altimeter observations. 
The analysis shows an increasing trend of annual mean and maximum wind speed derived from altimeter and 
to a lesser extent for the SWH. Interestingly, the trend is higher for maxima compared to the mean conditions. 
A separate trend analysis for the wind-seas, swell wave heights and period from ERA-20C deciphers the fact 
that distant swells governs the local wind–wave climatology over this region, and over time the swell activity 
have increased. Thereafter, the thesis investigates the spatial variability of trends in wind speed and SWH 
over the head Bay basin. The study clearly signifies that trends in both wind speed and significant wave 
height is lower for the western side, unlike that noticed over the eastern side of the basin. The east-west 
contrast observed in the trends of wind speed and significant wave height is attributed to the variations in sea 
level pressure (SLP). The SLP in turn is governed by prevailing atmospheric conditions; therefore the study 
attempts to investigate the inter-annual variability of atmospheric parameters and its role on the observed 
zonal dipole trend in sea level pressure, surface wind speed and significant wave height. It inspects the linear 
trend as well as its spatial variability for several atmospheric parameters: air temperature, geopotential height, 
omega (vertical velocity), and zonal wind, over the head Bay of Bengal, by analyzing National Centers for 
Environmental Prediction (NCEP) Reanalysis 2 dataset. Significant warming within the troposphere exhibits 
spatial difference between eastern and western side of the domain. This leads to fall in lower tropospheric 
geopotential height and its east–west variability, exhibiting a zonal dipole pattern across the Head Bay. 
Variability in omega also substantiates the observed variations in geopotential height. Further, the study 
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evaluates the influence of this atmospheric variability on the observed dipole in trends of sea level pressure, 
wind speed and significant wave height. Information on the spectral wave characteristics is an essential pre-
requisite for ocean engineering related activities and also to understand the complex wave environment at 
any given location. There is no comprehensive study available that reports on wave spectra over the head 
Bay of Bengal region. Thus, the next part of the thesis attempts to describe the characteristics of spectral 
wave evolution across different locations over this deltaic region based on numerical simulations. Thus, it 
implements a multi-scale nested modeling method using two state-of-art wave models WAM and SWAN 
forced with ERA-Interim winds. The inter-seasonal variation in monthly averaged 1D spectra and 
transformation of spectra along various water depths are discussed along with the associated physical 
processes. The study indicates that the influence of swells is higher at series of points over the eastern part 
than those over the western part. The 2D wave spectra exhibits different wave systems approaching from 
various directions attributed due to reflected swell system from south-southeast all over the year, southwest 
swells, reversing wind-seas following local winds, and reflected wind-seas from land boundary. 

 
 

STORM SURGE AND COASTAL INUNDATION MAPPING USING 
NUMERICAL MODELLING AND ARTIFICIAL INTELLIGENCE 

TECHNIQUES FOR THE EAST COAST OF INDIA 
 

Bishnupriya Sahoo 
Supervisor: Prof. Prasad Kumar Bhaskaran 

Department of Ocean Engineering and Naval Architecture 
Accession No.: NB15993 

 
Tropical cyclone is a phenomena linked with intense air-sea interaction that causes enormous 

amount of destruction along coastal belt during landfall episode. Storm surge and coastal inundation 
associated with the tropical cyclone contributes to the utmost proportion of devastation along coastal belts. 
In context to risk and vulnerability, it is a matter of major concern, and therefore more focused study in this 
direction has immense socio-economic implication around the globe. In this regard, number of methodologies 
has been developed to forecast the state of atmosphere and ocean state which assist the planners and coastal 
zone management authorities to broadcast timely warnings to the coastal community and to initiate 
appropriate preparedness measures. Following this, researchers have succeeded in developing ensemble 
models with high computational power and reasonably good forecast efficiency. In addition, the information 
on storm surge and coastal inundation characteristics are indispensable for emergency preparedness 
measures. In context to the Bay of Bengal basin, the states bordering the East coast of India are highly 
susceptible from the impacts of tropical cyclones. Also, in the recent past, the Bay of Bengal basin had 
witnessed tropical cyclones of increased intensity as a consequence of climate change. Impact of storm surge 
and coastal flooding along Indian coast is higher compared to other global coastal belts. The present study 
investigates the tropical cyclone characteristics such as cyclone frequency, cyclogenesis, cyclone energy and 
their trends in a changing climate scenario. Rapid increase in cyclone energy estimated in terms of Power 
Dissipation Index (PDI) reveals the severity of threat along the East coast of India. The study constructed 
synthetic cyclone tracks for each of the maritime states located along the East coast of India for pre- and post- 
monsoon seasons which are used to compute multiple scenarios of storm surge and coastal inundation using 
the state-of-art Advanced Circulation (ADCIRC) model. The pre-computed scenarios of storm surge and 
coastal inundation decipher information regarding their modulation with reference to cyclone intensity, angle 
of approach, translational speed and coastal geomorphology. Detailed analysis on the comprehensive dataset 
of storm surge and coastal inundation thereby provides a wider scope of connection in coastal vulnerability 
assessment and emergency forecast methodologies. Using physical, socio-economic, and environmental 
parameters, the study prepares vulnerability maps in response to multi-hazard scenario for the coastal districts 
of Odisha along East coast of India during a tropical cyclone landfall. The comprehensive dataset of storm 
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surge and coastal inundation is further used to train soft computing techniques such as Artificial Neural 
Network (ANN), Genetic Algorithm (GA), and Genetic Programing (GP) to demonstrate their applicability 
and robustness in a real-time forecasting system along Indian coast. 

 
Keywords: Tropical Cyclones, Synthetic tracks, Storm Surge, Coastal Inundation, Indian coast, Coastal 
Vulnerability, Artificial Intelligence. 
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EVALUATION OF TIDAL CHARACTERISTICS FOR HEAD BAY OF BENGAL 

 
Linta Rose 

Supervisor: Prof. Prasad K. Bhaskaran 
Department of Ocean Engineering and Naval Architecture 
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The head Bay of Bengal is highly susceptible to floods caused by monsoons, cyclones and sea level 
rise, owing to its funnel-like shape, shallow bathymetry, high tidal range, presence of numerous river drainage 
systems and low-lying topography. Tides dominate the hydrodynamic behaviour and coastal processes in this 
region and its propagation is quite distinct. This study focuses on developing and implementing a 
comprehensive water-level prediction system for the head Bay of Bengal region which would provide 
realistic and real-time water-level information for wide range of applications. Location specific tidal 
prediction and analysis of sea-level observations on a regional basis was carried out in view of the 
indispensable requirement for tidal prediction in the head Bay. A location specific tide prediction tool SLPR2 
(Sea Level PRocessing) and a numerical coastal circulation model ADCIRC (ADvanced CIRCulation) have 
been used to predict and analyse tidal and non-tidal water-level variations and to understand the 
characteristics of tides in detail. This study also predicts the water-level due to tidal, meteorological, and 
hydrological forcing, and attempts to understand the significance of various components like tides, wind, 
atmospheric pressure, and river discharge on water-level variations. Furthermore, the core of the study lies 
in the comprehensive understanding of tidal dynamics, spatio-temporal variability of tides, spectral 
characteristics, and the non-linear properties of tides in the head Bay region. Through this work, tidal and 
wind driven circulation has been studied for an extreme weather event, as well as for short climatic time-
scales at high spatial resolutions, to understand the mechanisms involved in interaction of tides with bottom 
topography, channel geometry, river discharge, storm surges, and atmospheric fields. The study signifies the 
dominance of fortnightly, seasonal and annual signals in water-level variation due to meteorological and 
hydrological effects. This study also brings out the significance of long-period tides, tidal asymmetry 
characteristics, spring-neap tidal variations (MSf tide) and tide-surge interaction. The skill levels of the tidal 
predictions were found to be significant and the tidal propagation characteristics as well as non-linear 
properties were reproduced reasonably well in the predictions. 

 
 

INVESTIGATIONS ON LASING MODES IN WEAKLY SCATTERING 
POLYMER AND OPTOFLUIDIC RANDOM STRUCTURES 

 
Anirban Sarkar 
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Department of Physics 

Accession No.: NB15909 
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Random laser is an active disordered medium where multiple scattering mediated optical feedback 
enables light amplification. In a weakly scattering system, where leakage of photons through the boundary is 
strong, the actual underlying reason for the appearance of randomly distributed resonant modes in the 
emission spectra is still being explored. In this thesis, we study the characteristics of random lasing modes in 
weakly scattering systems by using active polymer waveguides and optofluidic devices. A highly stable 4-
(dicyanomethylene)-2-methyl-6-(4-dimethylaminostyryl)-4H-pyran (DCM) dye doped polyvinyl alcohol 
(PVA) solid state film (DCM-PVA) has been fabricated. The film, having its refractive index greater than the 
substrate and density variations at the microscopic scale, acts as a disordered active planar waveguide and 
exhibits random laser (RL) emission when pumped. The laser output comprises of both the transverse 
magnetic (TM) and the transverse electric (TE) components. The film is then sandwiched between two silica 
opals. The overlap of the DCM-PVA photoluminescence with the photonic stop band (PSB) of the opals is 
controlled by the choice of the particle size used for opal fabrication. The random lasing threshold studies 
have been carried out for both TM and TE polarizations for opals with different particle sizes. A reduction in 
the threshold of RL emission, with respect to the bare DCM-PVA waveguide, by about 20 times (to 0.67 
mJ/cm2) was observed when the photoluminescence of the DCM-PVA film overlaps with the PSB of the opal 
structure for TM polarization, showing that the embedding of a RL in an engineered PSB material is an 
effective way to reduce the thresholds of RLs.  

RL emission from two dimensional structured optofluidic random laser (ORL) has also been 
investigated. Concentric elliptical diffraction fringe pattern, which is a signature of the in-plane diffraction 
of light from on-average periodic scatterers, has been observed on the output plane. High resolution angular 
scan of the detector within a single diffraction fringe reveals that the lasing modes have different emission 
probabilities in different directions. Moreover, replica symmetry breaking (RSB), fluorescence to spin-glass 
phase transition of the ORL has been studied. Also, the spatial dependence of the RSB on the pump location 
in the ORL system has been investigated by employing a perturbation based two-beam pump-probe 
technique. It has been observed that, due to the lower thresholds of the lasing modes around the gain 
boundary, the system experiences the phase transition more efficiently when pumped at the gain boundary 
compared to centre. Furthermore, spatial distribution of the random lasing intensity in the device has been 
studied by using the two-beam pump-probe technique. We observe the accumulation of the lasing intensity 
at the gain boundary as predicted theoretically due to the lower thresholds of the lasing modes at the edges 
of the gain region. Numerical investigations carried out for the ORL endorse the experimental observations.  

 
Keywords: Random laser, Multiple scattering, Laser, Optofluidic random laser, Polymer waveguide random 
laser, Opal. 

 
 

DEVELOPMENT OF CANTILEVER BEAM MAGNETOMETER FOR 
ELECTRIC FIELD INDUCED MAGNETIC MEASUREMENTS AND STUDIES 
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APPLICATIONS 

 
Harinath Aireddy 

Supervisor: Dr. Amal Kumar Das 
Department of Physics 

Accession No.: NB15907 
 

The cantilever beam magnetometer (CBM) was designed, fabricated and demonstrated its ability to 
measure the electric field induced magnetization of the ferroelectric/ferromagnetic (FE/FM) heterostructures 
and electro-elastic effect of 1st order (converse piezoelectric) of piezoelectric materials at room temperature 
in addition to the conventional measurement of magnetic properties (magnetization, magnetocrystalline 
anisotropy and magnetostriction (in-plane and out-of-plane) of ferromagnetic materials as a function of 
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magnetic field. In this new design of CBM we have introduced double cantilever beam and demonstrated for 
simultaneous characterization of two samples under same external parameters (magnetic field or electric 
field). We have studied thin films of ferrites (Fe3O4 and NiFe2O4) and BaTiO4 (ferroelectric) and their 
heterostructures using this upgraded CBM. This magnetometer is simple in construction, inexpensive to 
manufacture and easy to operate. In this thesis, we also present a new mechanical design and fabrication of 
Liquid Nitrogen (LN2) flow cryostat for low temperature measurements in CBM set-up and demonstrated the 
measurements of magnetostriction of NiFe2O4 thin film in the temperature range of 100 – 300 K. The electro-
magnetic transport measurements were carried out on ferrite/semiconductor heterojunctions and found 
interesting results for device applications. Fe3O4/p-Si heterojunction showed backward rectifying property at 
all temperatures and enhanced giant junction magnetoresistance (JMR) at room temperature (RT). Evidently, 
the variation and sign change of JMR as a function of electric field is also observed at RT. The origin of 
electric field dependence of magnetoresistance is explained proposing electronic band diagram of 
Fe3O4/SiO2/p-Si heterojunction. The Mn and Zn doped Fe3-xMxO4(M = Mn and Zn)/p-Si heterostructures 
showed not only an electrical dependent JMR at RT in reverse bias, but also observed the magnitude and sign 
changes of JMR with manganese and zinc substitutions. The variation of the JMR due to the dopant of 
different types attributed to the variation of the magnitude of saturation magnetization, as evidenced by M-H 
measurements. Electronic band structure of the Fe3O4/SiO2/p-Si heterostructure and the p-type degenerate 
semiconducting (SC) feature of Mn and Zn substituted Fe3-xMxO4 films are considered to explain the results.  
 
Keywords: Cantilever Beam Magnetometer, Ferromagnetic/Ferroelectric Heterostructure, Magnetostriction, 
Electric Field Induced Magnetization, Liquid Nitrogen Flow Cryostat, Backward Rectifier 

 
 

COBALT-BASED SPINEL OXIDES FOR SUPERCAPACITORS AND 
REDUCTION CATALYSIS 

 
Md. Aqueel Akhtar 

Supervisor: Prof. Amreesh Chandra 
Department of Physics 

Accession No.: NB15890 
 

Supercapacitors are a type of energy storage system and have high power density (>10 kW kg-1), 
long term cycling stability (>20000 cycles) and wide working temperature range (-40 to 70 °C). The choice 
of electrode materials plays a dominant role in deciding the electrochemical performance of a supercapacitor. 
The use of transition metal oxides as electrodes provides surplus electrochemical features in comparison to 
electric double layer (EDL) type capacitors. Cobalt based bimetallic oxides (cobaltites) have multiple redox 
couples in comparison to their individual counterparts, which leads to enhanced electrical conductivity and 
redox activity useful for supercapacitor applications. The work described in the thesis focuses on the 
fabrication of three cobalt based spinel oxides viz. MnCo2O4, Co3O4 and ZnCo2O4 and their electrochemical 
performance. It is shown that hierarchical nanostructures of these bimetallic oxides can be tuned by varying 
the calcination temperature. The symmetric cell configuration of electrodes of zinc cobaltite depict its real 
world application with appreciable energy and power density. Apart from electrochemical performance of 
these cobaltites, the catalytic effect on reduction of p-nitrophenol is also noteworthy with good rate constants. 
The major inferences presented in the thesis are; (1) spinel metal oxides having hierarchical microstructures 
can be incorporated as electrode materials for supercapacitors with added benefits of multiplicity of oxidation 
states; (2) varying the calcination temperature of MnCo2O4 samples, enhancement in electrochemical 
properties can be achieved; (3) compared to the pristine electrolyte, electrochemical performance can be 
significantly enhanced with the incorporation of redox mediator such as potassium ferricyanide; (4) an 
optimized cell window for ZnCo2O4 electrodes, in symmetric cell configuration, is ≅1.2 V; (5) cobaltites 
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such as MnCo2O4 and Co3O4 are also very effective in reduction catalysis of p-nitrophenol with appreciable 
rate constants.  

 
Keywords: Supercapacitors, catalysis, cobaltites, redox couples, redox additive 
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In recent years, quantum phase transitions (QPT's) have attracted considerable attention of 
theoretical and experimental condensed matter physicists alike. These are essentially continuous phase 
transitions taking place at 0 K, and are driven by non-thermal control parameters, like chemical composition, 
pressure and magnetic field. Near the quantum critical point (QCP), the material exhibits unconventional 
physical behaviour, e.g., a non-Fermi liquid (NFL) state or a quantum Griffiths phase (QGP), characterized 
by non-universal power-law temperature dependences of physical observables. Itinerant-electron metallic-
alloy systems, like Pd1-xNix and Ni1-xVx, which undergo a ferromagnet-to-paramagnet QPT, constitute 
simplest of such systems. The former exhibits an NFL behaviour near its QCP, while the latter features a 
QGP on the paramagnetic side of the transition at low temperatures. A QPT in itinerant-electron systems is 
further known to be associated with a qualitative change in the Fermi surface (FS). This gives rise to a natural 
inquisitiveness to explore what happens to the QPT when the FS itself is modified due to discretization of 
electron energy levels in reduced material dimensions, like in nanoparticles (NP's). With this question in 
focus, the thesis aims at exploring the occurrence of QPT's and associated properties or phases in NP's by 
taking the above two systems as representative ones. 

In the Pd1-xNix nanoalloys, a power-law (ρ~ATn) temperature (T) dependence of low-temperature 
resistivity (ρ) in line with the reported bulk behavior has been demonstrated. Near the bulk QCP, a dip in the 
value of the exponent n and a concomitant peak in the constant A indicate the presence of a quantum-like 
phase transition in this nanoalloy system. However, unlike bulk, the system is found not to exhibit NFL 
behaviour even at the QCP. Further, a super paramagnetic-to-ferromagnetic QPT in the mean-sized 
nanoparticles has been anticipated. As a supplementary study of QPT in this alloy system via computations, 
we have attempted to explore any correlation between the non-fluctuating ground state properties and the 
QPT in the bulk, using first-principles density functional theory. This study reveals a clear anomaly in the 
strength of Ni 3d - Pd 4d orbital hybridization around the QCP, and thus hints at the existence of such a 
correlation. In the Ni1-xVx nanoalloys, on the other hand, low-T upturns in the magnetizations of 0:085 ≤ x ≤ 
0:17 samples indicate the presence of QGP in the system at least for these compositions. The existence of 
QGP in this system is finally established by low-T upturns in the T-dependent heat capacity (C) and the 
fractional power-law C/T ~ Tλ-1 dependence of C on T. 

 
Keywords: Quantum phase transition, Quantum criticality, Non Fermi liquid behavior, Nanoalloy, Quantum 
Griffiths phase. 
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STATISTICS OF EPOCH OF REIONIZATION 21-CM SIGNAL: THE 
NON-GAUSSIAN EFFECTS ON THE POWER SPECTRUM ERROR 

PREDICTIONS 
 

Rajesh Mondal 
Supervisor: Prof. Somnath Bharadwaj 

Department of Physics 
Accession No.: NB15920 

 
Observations of the redshifted 21-cm signal from neutral hydrogen (HI) are a very promising probe 

of the Epoch of Reionization (EoR), and there is a considerable observational effort underway to detect the 
EoR 21-cm power spectrum. A significant amount of effort has gone into making quantitative predictions of 
both the expected EoR 21-cm power spectrum and the sensitivity of the different instruments to measure the 
expected signal. 

The EoR 21-cm signal is expected to become increasingly non-Gaussian as reionization proceeds. 
This severely affects the error predictions of the EoR 21-cm power spectrum. Most of the earlier works have 
assumed that the EoR 21-cm signal is a Gaussian random field where the error depends only on the power 
spectrum P(k) and the number of Fourier modes Nk in the particular k bin. We have used semi-numerical 
simulations to study how this non-Gaussianity affects the error predictions for the EoR 21-cm power 
spectrum. We expect signal-to-noise ratio SNR α √  for a Gaussian random field. We find that non-
Gaussianity is important at high SNR where it imposes an upper limit [SNR]l. For a fixed volume V, it is not 
possible to achieve SNR > [SNR]l even if Nk is increased. At a fixed redshift z = 8, we have considered 
different values of mass averaged neutral fraction ¯xHi and have shown that the value of [SNR]l falls as 
reionization proceeds. We have also shown that it is possible to interpret [SNR]l in terms of the trispectrum, 
and we expect [SNR]l α √  if the volume is increased. 

The error estimates, in general, is quantified through the error covariance matrix. We develop a 
general theoretical framework for interpreting the binned power spectrum error covariance matrix Cij in terms 
of the power spectrum and trispectrum. We use semi-numerical simulations to generate large statistical 
ensembles of the expected EoR 21-cm signal and use these to estimate Cij and study its evolution through 
different stages of reionization. We present a novel statistical technique which allows us to decompose the 
simulated Cij into a Gaussian and non-Gaussian contribution respectively. The non-Gaussian contribution to 
Cij is quantified through the trispectrum. We find that its relative contribution is comparable to or larger than 
that of the Gaussian term for the k range 0.3 ≤ k ≤ 1.0Mpc−1, and can be even ~ 200 times larger at k ~ 5Mpc−1 
at x̄H i = 0.5. 

We establish that the off-diagonal terms of Cij have statistically significant non-zero values which 

arise purely from the trispectrum. For x̄H i = 0.5  at z = 8, we find significant correlations between the errors 
at the small length-scales (≥ 0.5Mpc−1) and between the small and the large length-scale. Considering the 
later stages of reionization, we find that the errors in the different k bins are highly correlated, barring the 
two smallest k bins that are anti-correlated with the other bins. 

Our results are relevant for predicting the sensitivity of different instruments to measure the EoR 
21-cm power spectrum and model parameter forecasts, which till date have been largely based on the 
Gaussian assumption. 

 
Keywords: cosmology: theory, large-scale structure of Universe, dark ages, epoch of reionization, methods: 
statistical, first stars, diffuse radiation. 
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LOW-DIMENSIONAL GERMANIUM STRUCTURES FOR 
ELECTRONIC AND OPTOELECTRONIC DEVICES 

 
Rajshekhar Bar 

Supervisor: Prof. Samit K. Ray 
Department of Physics 

Accession No.: NB15925 
 

The improved electronic and optical properties of group – IV semiconductor nanostructures make 
them attractive for numerous applications in devices and technology. In this dissertation, the growth and 
characterization of Ge nanocrystals embedded in different dielectric matrices, self-assembled Sn doped Ge 
quantum dots on Si substrates, and Ge/SiGe multiple quantum well structures grown on virtual substrates 
have been studied. The grown nanostructures have been explored for use in non-volatile floating gate 
memory, nanocrystal based photodetectors and light emitting devices. The study has demonstrated an 
enhanced memory window with superior retention characteristics, owing to the Coulomb blockade effect, 
due to the introduction of multi layer nanocrystals in the floating gate. The photoresponse of the fabricated 
metal-insulator-semiconductor photodetector is found to be broad and extended to the visible region with an 
external quantum efficiency of more than 100% under a proper biasing condition. No-phonon assisted 
transition in the optical communication wavelength range of 1.4-1.8 μm has been observed in Ge1-xSnx islands 
samples. Observed electroluminescence from the fabricated p-i-n structures on Ge1-xSnx sample above a 
threshold bias of 4V makes them attractive for the future Si based optical devices. Furthermore, the properties 
of Ge/SiGe multiple quantum well structures grown on virtual substrates have been studied to achieve the 
light emission near room temperature.  

 
Keywords: Ge nanocrystals, floating gate memory, photodetectors, strained Ge1-xSnx islands, multiple 
quantum well, molecular beam epitaxy. 

 
 

MAGNETIC BEHAVIOUR OF SUBSTITUTIONAL PSEUDOBINARIES 
OF CeFe2 

 
Rakesh Das 
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RFe2 (R = Rare earth) compounds have been known for their multifunctional applications for more 
than three decades. CeFe2 is an unusual member of the RFe2 family in the sense that it has a relatively low 
paramagnetic to ferromagnetic Curie temperature (TC1 ~ 230 K), an anomalously low lattice constant (7.3 Å), 
and a relatively small magnetic moment (~ 2.3 μB/f.u.). Strong hybridization between Ce f and Fe d states 
has been reported to be the cause of these anomalies. A very small amount (~ 5 %) of certain impurities in 
CeFe2 is known to cause a loss of ferromagnetism, at a temperature TC2 below TC1, to an antiferromagnetic 
state via a first-order transition. Thus, CeFe2 lies on the verge of a ferromagnetic instability. However, the 
proposed mechanisms for what drives this instability are still speculative. One such speculation is the 
impurity induced modification of the f -d hybridization. This thesis aims specifically at investigating the 
applicability of this very hybridization-based mechanism for the ferromagnetic instability. For the 
investigations, the following two-fold approach has been adopted: (i) a computational study of a possible 
systematics of the variation of the f -d hybridization for a number of appropriate impurities spanning the 
periodic table, and (ii) for a particular impurity, an experimental exploration of the manifestation of a possible 
connection between the impurity induced changes in the hybridization and the occurrence of the second phase 
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transition. For the first part, elements Ti to Ga from the 3d period, Zr to Cd from the 4d period, and Hf to Hg 
from the 5d period have been taken as the impurity, and the variation of impurity induced change in the f -d 
hybridization with the position of the impurity in the periodic table has been monitored. The hybridization 
strengths were determined semi-quantitatively from the partial electron densities of states of Ce and Fe in all 
the cases. The hybridization strength is found to decrease on introduction of any impurity in CeFe2. Further, 
this reduction is more or less successively higher, i.e., the hybridization becomes successively weaker, in 
going away from the Fe group on either side of the periodic table. Similar variations in local host and impurity 
moments are also observed. Although no correlation between hybridization and ferromagnetic instability 
could be derived from this study, a systematics on impurity induced change in hybridization has been inferred. 
For the second part, the occurrence of the second transition has been explored for Cr, Ag and Au impurities, 
out of which only Cr is found to induce the second transition. Most importantly, a definite proportionality 
between the impurity concentration dependence of TC2 and the f -d hybridization strength has been revealed 
by this study. In a supplementary but related experimental study, impurity induced order to disorder phase 
transition in Ce(Fe1-xNix)2 system has been explored. From this study, the f -d hybridization strength and TC1 
are found to decrease together with x, and a quantum phase transition is anticipated to take place at x ~ 0.69. 

 
Keywords: Laves phase; Ferromagnetic instability; Impurity; Hybridization. 
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Nuclei in the A≃125 region are predicted to be soft with respect to the triaxiality parameter γ, i.e., 
the shapes of these nuclei are strongly influenced by the valence quasiparticles in the high-j orbitals. In these 
nuclei, the proton Fermi level lies in the lower part of the h11/2 orbitals, which favors prolate shape, whereas 
neutrons occupy medium -to high-Ω orbitals of the h11/2 sub- shell, which drive the shape towards oblate. 
Shape transition from prolate to oblate shape is therefore, expected in these nuclei through triaxial shapes and 
thus, these nuclei display a rich nuclear structure. 

This thesis investigates evolution of nuclear shapes in 123Cs, 124Cs and 124Ba nuclei with spin through 
lifetime measurements. In recent years, these nuclei have drawn considerable attention due to some of the 
interesting phenomena observed in this mass region such as shape coexistence, chirality and octupole 
correlations. The nuclei were studied with Indian National Gamma Array (INGA) spectrometer using 
reactions 96Zr(32S, p4n)123Cs, 96Zr(32S, p3n)124Cs, and 96Zr(32S, 4n)124Ba. Lifetime measurements have been 
carried out for high spin states in 123Cs and 124Ba using the Doppler Shift Attenuation Method (DSAM). The 
transition quadrupole moments Qt measured in the present work show a loss of collectivity after the alignment 
of neutron h11/2 orbitals. The experimental results have been compared with the existing theoretical 
calculations within the framework of the cranked shell model. The results are consistent with the evolution 
of triaxial shape due to the alignment of ѵh11/2 orbitals. However, larger deformation parameters β2 have 
been measured compared with the values predicted by the model calculations in both the nuclei. 

For 124Cs, lifetimes were measured for the negative- and positive-parity bands built on πh11/2 ⊗ ѵ 
(d5/2,g7/2) and πh11/2⊗ѵh11/2 configurations, respectively. The reduced transition probabilities have been 
obtained for the bands and are compared with the available theoretical calculations. The enhanced B(E1) 
rates for the linking transitions between the bands with the above configurations suggest octupole correlations 
in 124Cs. The observed electromagnetic properties for the positive-parity bands in 124Cs agree well with the 
characteristics pattern required for chiral symmetry breaking. With the observation of chirality and octupole 
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correlations in 124Cs, the nucleus offers a unique example of interplay between axially asymmetric and 
reflection-asymmetric shapes. 

 
Keywords: coincidences; INGA array; lifetime measurements; DSAM technique; deformation parameters; 
transition quadrupole moment Qt; electromagnetic transition prababilities. 
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The advent of dielectric optical fiber following the invention of laser has completely redefined the 
fledging field of photonics in particular the photonic sensing technology in the large area of fundamental 
research as well as in industry applications. Currently, optical fibers play a major role in designing and 
realizing wide variety of fiber-optic sensors. The essential motives recognizing the features of optical fiber 
owe to light weight, immunity to electromagnetic interference, capability of distributed sensing, higher 
sensitivity, remote and multiplexed operation. Using fiber-optic approach, today almost every known 
physical parameter is directly or indirectly measureable. Meanwhile, there has been a growing interest in 
magnetic field sensing during last few years due to its essential encroachment in many industrial, scientific 
and defence projects. The measurement of low magnetic field using optical methods has remained attractive 
lending to the inherent capability of interrogating in a hazardous environment encompassing high voltage, 
significant electrical noise and high temperature. With this intent, a new approach of fiber-cantilever beam 
deflection in designing magnetometer is conceived and experimentally investigated through different 
configurations leading to improving sensitivity while keeping system complexity at minimum as needed for 
electrically-prone environment.  

The thesis begins with the experimental research on preparing and optimizing the composition of 
probe magnetic material cobalt-doped nickel ferrite (Ni0.97Co0.03Fe2O4) till achieving high-performance 
probe composition in terms of low coercive field, high magnetization and low hysteresis. Utilizing the 
optimized probe composition as coating on single-mode fiber forming fiber-beam deflection cantilever, a 
number of organized experiments are then performed to detect a low-order magnetic field in the laboratory 
environment. The chronological development of configurations showing improved performances is recorded. 
Starting with a basic fiber-optic double-slit interferometric scheme where influence of the field on interfering 
cantilever-fiber beam is modeled through measuring the fringe-width of the dynamic interference pattern as 
a function of magnetic field, a fiber-to-fiber transmission arrangement for modulation of guided light is then 
devised to detect even lower order field. A magnetic field as low as 2.0 mT is unambiguously measured using 
etched fiber-cantilever modification. A theoretical analysis modeling the bending of fiber-cantilever and 
fiber-to-fiber transmission loss is worked out to estimate magnetizations (M) of the probe sample at various 
magnetic fields and is validated with SQUID data obtained from a high-end quantum device.  

Next, the attention is focused to improving sensitivity of cantilever configurations by cascading 
effect. Starting from twin-cantilever scheme, we extend the model for n number of cascaded cantilevers and 
betterment in sensitivity is realized theoretically and experimentally demonstrated. In the next phase, a fiber-
optic extrinsic Fabry-Perot magnetometer is devised and response of the magnetometer has been investigated 
experimentally followed by a theoretical model corroborating the experimental results. Developed 
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configuration is then modified by incorporating an in-house fabricated fiber-mirror to enhance the sensitivity 
at this converged scheme and improved response towards low field sensing (~mT or even lower) is achieved.  

Finally, a new material of multiferroic class, bismuth ferrite, is explored as magnetic field sensitive 
material by modifying its property through specific transition metal (chromium and cobalt) doping and 
incorporating it as probe material in fiber-optic cantilever-beam deflection arrangement. This yields a new 
possibility of using multiferroic as magnetic field sensing probe.  

 
Keywords: Single-mode optical fiber, Magnetic material, Cantilever beam deflection, Magnetic field 
sensing, Fiber optic sensors, Fiber optic interferometers. 
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This thesis showcases studies on aspects of Born-Infeld (BI) gravity, which are theories of current 

interest among the various available alternatives to classical General Relativity (GR). Motivated by nonlinear 
BI electrodynamics which successfully addresses the issue of singularities in electric and magnetic fields at 
a classical level, BI theories of gravity have been proposed to deal with the singularity problem (e.g. the black 
hole or the big bang) in GR. Such theories are characterized by a determinantal structure in the action –a 
similarity with BI electrodynamics. In 1998, Desser and Gibbons were the first to suggest an analogous BI 
gravity action in a purely metric formulation. 

Two types of BI gravity theories are discussed in this thesis: (i) Eddington-inspired Born-Infeld 
gravity proposed by Ba˜nados and Ferreira (2010) in the Palatini formulation and (ii) a theory proposed by 
Fiorini (2013) using teleparallelism. In the Palatini formulation of a gravity theory, the metric and connection 
are treated independently. On the other hand, teleparallelism uses tetrads (vierbein) as the basic variables, 
and spacetime torsion encodes gravitational effects. BI like structures, in such gravity theories, are explored 
through various types of spacetime solutions in diverse dimensions. Some of our solutions are analytically 
exact and highlight interesting differences with GR, particularly, on issues related to spacetime singularities 
and the accelerated expansion of the Universe. 

Two chapters of this thesis are devoted to an attempt towards figuring out how BI structures in both 
the matter and gravity sectors can influence the nature and character of resulting gravitational fields. Both 
spherically symmetric, static and cosmological spacetimes are obtained. The solutions are characterized by 
two different BI parameters, one each for the gravity and matter sectors. Analysis of the solutions, for 
different ranges of the BI parameters, reflect specific features of the nonlinear matter-gravity coupling. 

Finally, noting the fact that no clear consensus is available on the sign and value of the BI parameter 
(қ) in Eddington-inspired BI gravity, we look into the possibility of extending the theory in a way similar to 
the approach adopted for scalar-tensor theories. The constant қ is elevated to a spacetime dependent real 
scalar field and consequences thereof are briefly investigated. In summary, the work in this thesis, is a modest 
attempt towards exploring some of the unique features of BI theories of gravity and their viability as 
interesting and useful alternatives to GR. 

 
Keywords: general relativity, modified gravity, exact solutions, spacetime singularity, cosmology, 
accelerated expansion of the Universe, torsion, Palatini variation, teleparallelism, Born-Infeld gravity, 
Eddington-inspired Born-Infeld gravity. 
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Non-interacting lattice fermions in a two-dimensional lattice under strong uniform perpendicular 
magnetic field are found to behave strangely. For example, one comes across a Hofstadter buttery spectrum, 
a fractal structure in quantum mechanics. The spectrum depends critically on the applied field α = p/q; p and 
q are positive integers, (the ratio of the magnetic flux per plaquette to the flux quantum). What happens in 
the presence of Coulomb interaction (U) in a non-bipartite lattice? We present one such example. The 
magnetic field induces a charge-gap (largest at α = 0:5) even in the absence of correlation, highlighting 
localization by the orbital magnetic field. Remarkably, this gap is initially suppressed by electron correlation 
and reappears at larger U in a simple correlated model, the Falicov-Kimball model (FKM). The condensation 
of preformed exciton in an extended FKM (EFKM) is addressed using self-consistent Hartree-Fock mean-
field theory in the weak-coupling limit. The interaction U exponentially enhances the excitonic average (Δ), 
field α has a localization effect leading to a drop in Δ while V enhances Δ (exception at α = 1/3, at low V and 
U). Exciton in a two-band system in an EFKM is studied using a semi-analytical approach, the slave rotor 
mean field theory in the large U-limit. The Δ-V behaviour is first order for single site and weakly first order 
for two-site approximation. We also investigate the orbital effects of a strong external magnetic field on the 
ground-state properties of a 2D Holstein polaron, employing variational approaches based on exact 
diagonalization (VAED). We calculate the electron-phonon correlation function, the average phonon number 
and the Drude weight. Although the external magnetic field affects the polaron throughout the parameter 
regime, it has a stronger effect on a loosely bound (spatially extended) polaron; it reduces the spatial extent 
of an extended polaron which results in a polaron of less spatial extent. 

 
 

STATISTICAL ANALYSIS OF COMPLEX SYS- TEMS WITH DYNAMICAL 
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This thesis is concerned with the detailed investigation of the statistical properties of complex 

systems with column/row constraints. Using random matrix approach a complex system can be represented 
by a generic random matrix ensemble. Here we consider the effect of a combination of matrix constraints e.g. 
Hermiticity and time-reversal symmetry besides column/row sum rule, as well as the ensemble constraints 
(e.g. disorder), on the matrix ensembles. This topic has gained rapid attention in the recent past decade 
because of its appearance in widely different areas e.g. bosonic Hamiltonians such as phonons, and spin 
waves in Heisenberg and XY ferromagnet, antiferromagnets, and spin glasses, Goldstone modes, Euclidean 
random matrices, random reactance networks, Internet related Google Matrix, financial markets and pattern 
games etc. 

The thesis consists of three main parts. In the first part of my thesis, we analyze the role of a specific 
global constraint on complex systems, appearing as column/sum rules on their matrix representations and in 
combination with other local and global constraints. Our study reveals that the presence of additional 
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constraints besides real-symmetric nature introduce new correlations among the matrix elements which, as a 
consequence, influence their distribution and manifest in their eigenvalues and eigenfunctions too. As 
physical properties, in principle, can be explained in terms of eigenvalues and eigenfunctions., therefore, we 
focus on the effects of constraints on the joint eigenvalue-eigenfunction distribution. The latter turns out to 
be analogous to that of a special type of critical Brownian ensemble without such constraint, intermediate 
between Poisson and Gaussian orthogonal ensemble. Another important finding of our work is the lack of 
single basis state localization for a typical eigenvector which is in contrast with an unconstrained real-
symmetric matrix. 

In the second part of the thesis, we pursue a detailed numerical investigation of the random matrix 
ensembles of real-symmetric matrices with column/row constraints for many system conditions e.g. disorder 
type, matrix-size and basis-connectivity. The results show a rich behavior hidden beneath the spectral 
statistics and also confirms our analytical predictions, as presented in first part of the thesis, about the analogy 
of their spectral fluctuations with those of a critical Brownian ensemble which appears between Poisson and 
Gaussian orthogonal ensemble. 

A Brownian ensemble is a non-equilibrium state of transition from one universality class of random 
matrix ensembles to another one. The parameter governing the transition is in general size-dependent, 
resulting in a rapid approach of the statistics, in infinite size limit, to one of the two universality classes. In 
the last part of the thesis, our detailed analysis however reveals the appearance of a new scale-invariant 
spectral statistics, non-stationary along the spectrum, associated with multifractal eigenstates and different 
from the two end-points if the transition parameter becomes size-independent. The number of such critical 
points during transition is governed by a competition between the average perturbation strength and the local 
spectral density. The results obtained in my thesis have applications to wide-ranging complex systems e.g. 
those modeled by multi-parametric Gaussian ensembles or column constrained ensembles. 

 
Keywords: Random matrix, fluctuations, constraints, universality, complexity parameter, Brownian 
ensemble, criticality. 
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In recent times, mobile broadband networks have adopted a packet switched architecture in order to 

accommodate the growing volume of data traffic.  This requires that all traffic classes including real-time 
voice and video be served as packets. Traditionally, voice and video were transmitted using circuit switching. 
To provide circuit switched quality to these traffic classes and also to improve it, as in High Definition (HD) 
voice, stringent Quality of Service (QoS) metrics need to be satisfied. Some of these metrics are the 
probability of packet drop, average packet delay, average bit-rate, etc. Moreover, Broadband Wireless Access 
(BWA) networks aim to connect a large number of users and devices.   Increasing capacity while guaranteeing 
QoS of all traffic classes is an important challenge encountered in these networks. 

To address this challenge, BWA networks, such as Long Term Evolution-Advanced (LTE- A), LTE-A 
pro, Worldwide Interoperability for Microwave Access (WiMAX), use Orthogonal Frequency Division 
Multiple Access (OFDMA) as the channelization  scheme and a few efficient cross-layer optimization techniques,  
such as Link Adaptation (LA), Packet Scheduling- Radio Resource Allocation (PS-RRA), etc. Of these, PS-
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RRA has emerged as a very important technique for addressing the capacity-QoS trade-off. Hence, one of the 
focus areas of this thesis is the design of Radio Resource Allocation (RRA) algorithms. 

In the first work, we propose to use a single RRA algorithm for Voice over IP (VoIP) and video, unlike 
existing proposals. This is expected to simply scheduler implementation at the Base Station (BS). For this, we 
first extend the Dynamic FDPS of VoIP, which schedules user packets based on instantaneous channel 
conditions, to schedule video. Its capacity is limited by control channel. We propose to further improve its 
capacity by using the new Joint Time-Frequency (JTF) scheduling algorithm which looks at a user-frequency 

window for resource allocation. Its supported VoIP capacity is 42.5% more than the 3rd Generation Partnership 
Project (3GPP) requirement of 40 users per MHz in LTE systems. 

The proposed generic real-time traffic scheduling algorithms, Dynamic and JTF FDPS, are then 
extended to schedule voice, video and best-effort traffic by combining them with a Proportional Fair (PF) best-
effort scheduler. The individual traffic capacities supported by these algorithms are obtained from extensive 
Monte-Carlo system level simulations using a multi-cell multi-user semi-static simulator. It is calibrated with 
3GPP results of signal-to- interference-plus-noise-ratio (SINR) and spectral efficiency distribution. It is found 
that in a mixed traffic scenario the JTF+PF algorithm, along with VoIP and video packet bundling, can 
support 74 VoIP users per MHz which is 58.5% more than the 3GPP specified VoIP capacity requirement 
of 40 users per MHz.   At the same time, in the same scenario in addition to these 74 VoIP users, JTF+PF 
algorithm also supports 14 video users per MHz. 

System capacity of the RRA algorithms mentioned before is given by the number of deployed users 
when at least 95% of them are satisfied.  A user is satisfied when it experiences no more than 2% packet loss. 
This system capacity depends on network configurations, such as cell size, user distribution, area SINR 
distribution, interference, traffic density among different traffic/user classes, and the scheduling algorithms.  
These configurations cannot be known a priori and are different for different BSs. Being a function of these 
network configurations, capacity also varies from cell to cell and, hence, cannot be predicted before- hand either. 
However, if users are admitted beyond the network’s capacity then there is a catastrophic drop in their QoS 
satisfaction. So, controlling the admission of users is essential for providing QoS guarantees, which is one of the 
goals of this work. Since capacity depends on packet level QoS, accurate evaluation of capacity and QoS is 
important for efficient Call Admission Control (CAC). Capacity and QoS can be obtained through offline 
simulations which are exhaustive and time-consuming. On the other hand, deriving capacity and QoS from 
mathematical models of schedulers is faster and accurate.  These models can, therefore, be used online which lead 
to better dynamic control of the network. So, in the next part of the work, we focus on deriving analytical 
frameworks of schedulers. 

We first develop a queueing theoretic framework of a pre-emptive priority scheduler that serves multiple 
user classes in the downlink of a finite buffer multi-carrier network.   User classes are differentiated by the 
number of frequency resources or Physical Resource Blocks (PRBs) a user needs to transmit a packet. Considering 
exponential arrival and service times, QoS metrics, such as probability of packet drop, probability of packet 
delay, average delay, throughput, and pre-emption probability, are derived from the steady state probabilities 
of the Continuous Time Markov Chain (CTMC) of the system. Results are validated using discrete event 
simulations. Packet level Key Performance Indicators (KPIs) obtained analytically from this framework can 
be used to analyze the system behaviour for various traffic densities of user classes at the input. The KPIs can 
also be used for threshold based CAC. 

We can further improve upon the framework described earlier by considering instantaneous channel 
variations.  This brings the model closer to real life.  At the same time, it is also important to explore the 
flexibility in scheduler behaviour. So, in the next work, we relax the assumption of exponential service times 
and make it deterministic in keeping with the fixed length scheduling intervals of BWA networks. It is also 
useful for capturing the channel quality fluctuations.  We design analytical frameworks for two different 
RRA methods. The first one is a Dynamic Priority (DP) scheduler which is characterized by a control 
parameter. This parameter chooses the priority level of the different user classes for resource assignment at the 
beginning of any scheduling interval.  The second method is a bandwidth reservation algorithm for the 
different user classes. Users are classified based on whether their average signal to noise ratio is greater or less 
than a threshold value. 
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Instantaneous channel variations in both frameworks are modelled using Adaptive Modulation and 
Coding (AMC) which changes at the beginning of every scheduling interval. Each AMC mode represents the 
number of PRBs needed for successful transmission of a packet at any scheduling interval.  AMC is modelled 
using a Finite State Markov Chain (FSMC). Thus, the effects of scheduler behaviour, queueing and AMC 
are combined into the developed framework. Since service times are deterministic, derivation and steady state 
solution of the Discrete Time Markov Chain (DTMC) of the DP scheduler and bandwidth reservation are used 
to obtain QoS metrics, such as average delay, average throughput, and the probability of packet drop. Results 
of both frameworks are verified using discrete event simulations. A comparison of the KPIs of the DP scheduler 
and bandwidth reservation reveals that the latter improves the QoS of users located closer to the transmitter and 
degrades that of users located farther away, in comparison to the DP scheduler.  So, it may be inferred that 
although the framework of bandwidth reservation is more structurally simple, the DP scheduler provides a 
more uniform QoS across all user classes.  Hence, it appears to be a more preferred choice for RRA than 
bandwidth reservation. It is also demonstrated how the control parameter of the DP scheduler can be used to 
vary its behaviour between a strict priority and a PF scheduler. 

So far we have designed the mathematical frameworks of the schedulers with the goal of accurately 
evaluating QoS. Since QoS guarantees are usually provided through CAC, we next envisage the use of the QoS 
metrics estimated by the developed frameworks in designing efficient CAC modules.  In the next work, 
threshold based predictive CAC modules are designed. These modules use the packet level QoS metrics obtained 
from the pre-emptive priority scheduler as well as the DP scheduler frameworks as inputs. Time scale 
decomposition is used in the development of the CAC architecture. Discrete event simulation results show that 
the framework of pre-emptive priority scheduler can be used to predict the maximum number of ongoing calls 
in the network. It is also shown that the scheduler control parameter of the DP schedulercan be used to regulate 
the capacity of the system while satisfying QoS constraints of the different classes. 

The work done in this thesis aims to design and characterize RRA methods in OFDMA based packet 
switched wireless access networks.  The proposed JTF algorithm has been found to significantly increase the 
number of users supported by individual traffic classes in a mixed-traffic scenario. Hence, it can be considered 
as a potential algorithm in OFDMA networks such as LTE-A, LTE-A pro, etc. The mathematical frameworks 
of the schedulers designed can be used to provide ubiquitous service quality to heterogeneous user classes 
which is one of the goals of future generation wireless networks. This can be achieved by providing the QoS 
guarantees through CAC which may help in better dynamic network control. 

 
Keywords:  Quality of Service, Broadband Wireless  Access Networks (BWA),  4G cellular systems, Packet 
Switcing, Orthogonal Frequency Division Multiple Access (OFDMA), Packet Scheduling and Radio 
Resource Allocation (PS-RRA), Adaptive  Modulation and Coding (AMC), Link Adaptation (AMC), 
Mixed Traffic Scheduling, Packet Bundling, Sys- tem Level Simulator, Queueing Theory, Continuous Time 
Markov Chain (CTMC), Discrete Time Markov Chain (DTMC), Finite State Markov Channel Modelling, 
Cross-Layer Design, Call Admission Control, Time Scale Decomposition,  Exponential and Deterministic 
Service Times, Bandwidth Reservation, Real-Time traffic, Non Real-Time traffic 
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Introduction of bandwidth-intensive services has resulted in tremendous bandwidth demands from 
the access networks. The recent innovations in access network solutions have envisioned optical access 
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networks (OANs) as a suitable alternative that supports high end-user bandwidth. However, the high 
deployment costs associated with OANs discourage potential business partners (BPs) from deploying such 
networks. However, it is well understood that bandwidth flexibility in OANs simultaneously facilitates low 
capital and operational expenditures (CAPEX and OPEX, respectively), and energy-efficiency. In contrast, 
secure OAN infrastructures can be shared (in an open access scenario) among multiple BPs, resulting in 
significant reduction of CAPEX due to competition among BPs and cost-sharing. These two options can 
therefore facilitate OAN to attract BPs towards network deployment. Concomitantly, installation of a passive 
optical distribution network (ODN) further reduces CAPEX and OPEX figures, while improving the 
availability of an OAN. However, OAN designs reported in the existing literature typically suffer from a 
bandwidth-flexibility versus security and passivity trade-off. This thesis intends to resolve this trade-off 
between bandwidth-flexibility, security and passivity in an OAN, and lay foundation for a low cost, high 
bandwidth, next-generation access solution. These objectives are achieved through first two contributions of 
the thesis which propose cost-efficient OAN designs. Thereafter, the third contribution proposes an 
application of bandwidth-flexible and secure OAN design to achieve cost-effective augmentation of end-user 
bandwidth.  

The first work proposes a time and wavelength division multiplexing (TWDM) based OAN design 
that simultaneously ensures bandwidth-flexibility and physical-layer security over a passive ODN. As such 
the proposed scheme is associated with low energy-consumption figures, low CAPEX and is secured from 
network disruption by malicious users. A low complexity media access control (MAC) protocol has been 
proposed, that performs scheduling while considering the restrictions imposed by bandwidth-flexibility and 
security.  

In the second contribution, the proposal of the first work has been extended to design an open access 
network. The inherent physical-layer security allows simultaneous co-existence of multiple BPs with 
desirable granularities at different levels of the ODN. This leads to a cost-efficient solution due to sharing of 
the infrastructure cost and competition among BPs. Moreover, the associated bandwidth-flexibility facilitates 
incremental deployability (ID) that allows cost-efficient growth of BPs to cope with an expanding user base. 
The low CAPEX and ID simultaneously discourage monopoly. Therefore, small BPs can take up a market 
share with reasonably small initial investments and grow with differential expenditures. ID further allows 
incremental scaling of power consumption as a function of the network load and the number of users, making 
the proposal energy-efficient. An expansion-algorithm has been proposed that allows cost-efficient expansion 
of BPs. Overall, it implies that the flexibility of bandwidth distribution along with competition-friendly 
network-deployment makes the proposed solution cost-effective, energy-efficient and market-oriented.  

While a cost-efficient OAN design is essential, achieving high data-rates over low-cost 
infrastructures is also desirable to the BPs. The third work proposes OAN architectures which augment the 
end-user bandwidth in presence of on-demand entertainment traffic. This is done by redesigning the OAN 
architecture of the first work and proposing associated MAC protocols to facilitate supervised sharing of 
bandwidth-intensive on-demand entertainment contents among end-users. Since content sharing (CS) is 
performed over the unused access-fiber bandwidth, higher end-user bit-rates are observed. Moreover, 
reduction of bandwidth-consumption from the metro and core networks is facilitated by CS. This allows 
bandwidth under-provisioning, leading to cost-sharing for the BPs at these network levels. Therefore, a cost-
efficient solution for end-user bandwidth augmentation is obtained for scenarios with on-demand 
entertainment contents. Analytical models have been derived to compare the performance of CS with 
competing technologies, like caching and content delivery networks. Validation of the analytical models has 
also been carried out through simulation.  

Physical-layer analysis of the proposed schemes has been carried out in terms of security (signal-to-
crosstalk ratio), optical reach and power budget. Throughput analysis has been performed using simulations 
and mathematical modelling. 

 
Keywords: Optical access network design; Flexible optical access networks; Security in optical access 
networks; High data-rate optical access networks 
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It is observed that there is limited literature that captures the cellular and D2D performance with 

ambient load that varies with the time of the day, hence cellular as well as D2D communication performance 
also varies with time. The performance of cellular and D2D modes for various load conditions need to be 
analyzed. Besides, most of the insighted D2D enabled networks do not consider the activity factor which in 
fact is important as D2Ds are based on the concept of reusing the same spectrum as cellular system. This 
ultimately affects CCI which is the core parameter involved in the F-W analysis of D2D enabled networks. 
In the first work, we placed eNBs/BSs deterministically with hexagonal cellular boundaries where UEs are 
distributed in Poisson point process (PPP) fashion and analysed the cellular and D2D performance with load 
and activity factor. Nevertheless, deterministic placement of BSs and thereby F-W analysis of CCI gave 
insight into the variation due to load and activity factor, but do not capture spatial randomness as networks 
are turning into heterogeneous networks (HetNets). To capture the spatial randomness researchers have 
adopted the stochastic point process to model the location of BSs. We modeled D2D enabled heterogeneous 
cellular network stochastically using the β-GPP and femtos and D2Ds as PPP distributed and analysed the 
Hetnet performance. 

In the physical layer we used OFDM for cellular and D2D communication. OFDM based systems 
are inherently associated with transceiver impairments. Using OFDM for D2D communication thereby 
involves the impact of these transceiver impairments on D2Ds and their feasibility zone of operation. We 
analysed the impact of these impairments on the cellular and the D2D modes and the zone where D2Ds can 
be operated under these impairments. Finally, we conclude from the works in the thesis that D2Ds are 
beneficial at cellular edges in terms of throughput as well as bandwidth requirement and their effectiveness 
decreases as we move towards the center of the cell. With load the switching distance for D2D mode moves 
towards edges. We accomplish that load has deteriorating impact on both modes but is passive when D2Ds 
are edges and highly affected when they are towards the centre of the cell. 

. 
Keywords: Cellular load, device-to-device communications, D2D, Long Term Evolution, mode selection, 
multicellular system, Heterogeneous cellular networks, stochastic modeling, transceiver impairments. 
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In the present thesis we have optimized the process parameters to synthesize phase pure ZnO, CuO, 

(1-x) ZnO - xCuO (0.0≤x≤0.67 mole) composite nano powder (0-d) and thin films (2-d), Zn1-xCoxO 
(0.0≤x≤0.5 at%), Zn1-xInxO (0.0≤x≤5.0 at%), and graphene-ZnO multilayered thin film using chemical 
solution deposition route. We have formulated an analytical equation and experimentally validated by 
assuming Knudsen diffusion and first order kinetics expression relating sensor response with operating 
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temperature and thickness of the film. It also assumed a realistic non-linear variation of conductance and test 
gas concentration. The superior i-C4H10 sensing characteristics is obtained for 0.005 at% Co doped ZnO thin 
film at 300oC. The crosssensitivity of CO, H2 and i-C4H10 gases are demonstrated through kinetic analyses 
and principal component analyses (PCA) . For (1-x) ZnO-xCuO (0.0≤x≤0.67 mole) composite films we have 
demonstrated selective CO sensing characteristics are grossly dependent on the CuO contents of the 
composite. At lower CuO contents (~7.0 mol) containing higher concentration of oxygen vacancies and zinc 
interstitial expedite preferential oxygen and CO adsorption on ZnO and CuO grains of ZnO-CuO composite 
film leads to a selective CO response among other gases. We have also demonstrated selective NO2 (0.5-
5ppm) sensing using air annealed graphene-ZnO composite at 150 °C. We have addressed the mixed gas 
sensing and humidity effect of NO2 within NO2-CO, NO2-H2 and NO2-i-C4H10 through principal component 
analyses. We have identified on the factor/s responsible to yield low temperature, 100% catalytic oxidation, 
together with higher selective CO sensing characteristics. The ZnO-CuO (1:1) as well as Zn0.97In0.03OCuO 
(1:1) hetero-composites exhibit selective CO sensing with T100 is in close proximity to Topt to yield 
simultaneous CO sensing together with its 100% catalytic oxidation. We have demonstrated VOC sensing 
characteristics of CuO thin film using quasi static unit. The cross sensitivity have been addressed using FFT 
combined with PCA analyses at 225 °C and 250 °C. Furthermore we have fabricated a portable sensing unit 
using relatively inexpensive electronic equipment. The functionality of the fabricated unit is demonstrated 
through ethanol and acetone sensing, however, the unit can very well be used for other types of gas sensing 
as well. 

 
Keywords: Chemical solution deposition route; Knudsen diffusion; First order kinetics; Selective CO 
sensing; Hetero-Composite; Catalytic oxidation; Mixed gas sensing; Portable sensing unit. 

 
 

TUNGSTEN OXIDE BASED NANOSTRUCTURED MATERIALS FOR 
ENVIRONMENT REMEDIATION AND ENERGY APPLICATIONS 

 
Arpan Kumar Nayak 

Supervisor: Prof. Debabrata Pradhan 
Materials Science Centre 
Accession No.: NB15986 

 
Nanomaterials are an important class of materials because they possess several enhanced 

physicochemical properties as compared to their bulk counterparts. In the present thesis, synthesis, 
characterization, and a few applications of tungsten oxide (WO3)-based nanomaterials are reported. WO3 and 
it’s hydrate (WO3·nH2O) have generated interest of research community for their applications in chromism, 
water splitting, photodegradation of organic contaminants, supercapacitor, and sensing. Here, the phase and 
size-controlled synthesis of hydrated WO3 is demonstrated via a simple precipitation method at room 
temperature. The as-synthesized hydrated WO3 and WO3 nanoplates are employed for the photocatalytic 
reduction of Cr(VI) under visible light irradiation and adsorption of methylene blue. The WO3·H2O and WO3 
nanoplates are also tested as electrocatalysts for hydrogen evolution reaction. In addition, the morphology 
evolution of WO3 nanowires from WO3·H2O nanoplates in a solvothermal process is demonstrated. Those 
nanostructures are used as anode materials for photoelectrocatalytic (PEC) water splitting reaction. The 
photocurrent density of WO3 nanowires is found ~21 times higher than that of WO3·H2O nanoplates at 1.0 V 
versus saturated calomel electrode (SCE). The superior PEC performance of WO3 nanowires is justified on 
the basis of its one-dimensional morphology, large surface area, and small interfacial charge transfer 
resistance. Furthermore, a facile and green solvothermal approach is employed to synthesize graphene 
supported WO3 nanowires as an active electrode material for supercapacitor application. The graphene-WO3 
nanowires nanocomposite with an optimized weight ratio has shown excellent electrochemical performance 
with specific capacitance of 465 F g-1 at 1 A g-1 and good cycling stability of 97.7% specific capacitance 
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retention after 2000 cycles in 0.1 M H2SO4 electrolyte. A solid-state asymmetric supercapacitor is also 
fabricated which delivered an energy density of 26.7 W h kg-1 at 6 kW kg-1 power density. It could retain 25 
W h kg-1 at 6 kW kg-1 power density after 4000 cycles. This thesis works primarily emphasize on the synthesis 
of WO3-based nanomaterials and their applications in environment remediation and electrochemical energy 
conversion/storage.  

 
Keywords: WO3.H2O; WO3.2H2O; WO3; nanoplates; nanowires; Cr (VI) detoxification; hydrogen evolution; 
water splitting; asymmetric supercapacitor 
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Over the past few decades, proton exchange membranes (PEMs) are of great interest because of 

their application as solid electrolyte in proton exchange membrane fuel cells (PEMFCs). At present, Dupont’s 
Nafion® is the most commonly used materials in PEMFCs because of its excellent oxidative and chemical 
stability along with high proton conductivity. However, there are several shortcomings of Nafion® for 
example: high cost, high fuel permeability, loss of proton conductivity and mechanical stability at high 
temperature (> 80 ºC) etc. which restricts its uses for practical applications. In general, most of the 
hydrocarbon based PEMs, exhibit poor phase separated morphology and electrochemical stability and allow 
a compromise between proton conductivity, and mechanical and dimensional stability. In this regard, 
semifluorinated polymers are considered as a middle approach to balance the advantages and disadvantages 
of hydrocarbon-based polymers and perfluoro-polymers.  

In this research, five different series of new fluorinated sulfonated polytriazole copolymers were 
prepared by click polymerization of four different dialkyne monomers (TA, TF, TH, and TS) with molar 
equivalent of a mixture of two diazide monomers (either QAZ, or OAZ) and a sulfonated diazide monomer 
(SAZ). Initially, the structure of -CF3 substituted comonomer (QAZ) is optimized for high thermal stability 
and high mechanical strength through preparation of several new fluorinated polymers. Four different 
bisphenol dialkynes e.g. TA, TF, TH, and TS with two different non sulfonated diazides e.g. QAZ, OAZ were 
used systematically to vary the fluorine content and IECW of the copolymers. Incorporation of fluorine in 
the form of -CF3 or [>C(CF3)2] groups are effective in improving the oxidation stability and the 
mechanicalproperties of the copolymer membranes. The polymers showed good solubility due to the 
presenceof the -CF3 or [>C(CF3)2] groups in the backbones, which disrupted the regularity of the molecular 
chains and hindered the dense chain stacking. Also, -CF3 or [>C(CF3)2] groups increased the hydrophobicity, 
and helped in lowering water uptake and swelling polymers and generate phase separated morphology. 
Increasing fluorine content and IECW values resulted in improvement in proton conductivity. An attempt is 
made to correlate the various PEM properties with chemical structure of the copolytriazoles,degree of 
sulfonation, fluorine content, and IECW values.  

 
Keywords: Fluorinated Sulfonated Polytriazole, Click polymerization, Thermal properties, Mechanical 
properties, Oxidative stability, and Proton conductivity. 
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Proton conducting electrolyte materials studied in this thesis have unique protonic conductivity and 

dielectric properties useful for a solid oxide fuel cell (SOFC) and also ceramic capacitor industry. In this 
regard, the Barium Zirconate (BaZrO3) already presents an ideal example of proton conducting electrolyte 
material in the temperature range 300 to 600 °C due to its high proton conductivity and excellent chemical 
stability. But, the microstructural parameters such as small grain size and highly resistive grain boundaries 
seriously limit its practical application as an electrolyte in proton conducting SOFCs. However, the effective 
proton conductivity can be tailored with the substitution of a trivalent cation at Zr4+ sites in a perovskite 
lattice, synthesis route and sintering procedure via controlling the effect of oxygen vacancies, grain sizes and 
grain boundaries. Therefore, a proper substitution of trivalent cation at Zr4+ sites in a perovskite lattice can 
offer additional oxygen vacancies in BaZrO3, which play an important role for proton conduction in the 
humidified atmosphere particularly. In view of the above, a compound with a proper substituent such as Ho3+ 
at Zr4+ in BaZrO3 is a simple choice to integrate proton conductivity and dielectric features. In this 
investigation, we prepared BaZr(1-x)HoxO3 by flash pyrolysis route (modified combustion route) to tailor the 
effective properties. The synthesized BaZr(1-x)HoxO3 (x = 0, 0.05, 0.10, 0.15 and 0.20) were characterized in 
terms of their electrical and dielectric properties. It was found that there is no structural change occuring in 
BaZrO3 after Ho substitution. Furthermore, the fine and coarse grains appear in the microstructure of Ho 
substituted BaZrO3 perovskite, which is obtained by conventionally sintering at 1600 °C for 4 h and 8 h. The 
relative density and grain size of Ho substituted BaZrO3 samples obtained by conventionally sintering at 1600 
°C for 8 h are decreased with increasing Ho content in BaZrO3 perovskite. The Raman spectroscopic study 
of Ho substituted BaZrO3 sintered at 1600 °C exhibit the BO6 octahedra distortion of ABO3 perovskite due to 
substitution of larger Ho3+ atoms at Zr4+ site. As a result, the more oxygen vacancies are generated. The 
comprehensive impedance and modulus spectroscopic studies provide the effect of grain and grain boundary 
contributions to the overall electrical response (conduction and relaxation processes) in all samples. It is 
found that the frequency and temperature dependent dielectric signatures of Ho substituted BaZrO3 can be 
explained by Maxell-Wagner (M-W) model due to the insulating and conducting nature of grain boundary as 
well as grain, respectively. The proton conductivity of Ho substituted BaZrO3 samples obtained by 
conventionally sintering at 1600 °C for 8 h in 3% humidified O2 atmosphere is found to be increased with 
Ho content in BaZrO3 due to additional oxygen vacancies in BaZrO3 and can be explained by Grotthus 
mechanism. However, the relative density of spark plasma sintered BaZr(1-x)HoxO3 (x = 0.10 and 0.20) 
samples at 1600 °C for 20 min are found higher than the conventionally sintered sample. The conductivity of 
the spark plasma sintered BaZr(1-x)HoxO3(x = 0.20) sample in 3% humidified O2 atmosphere is obtained to be 
8.5 x10-2 S-cm-1 at 800 °C, which is higher than conventionally sintered samples. The BaZr(1-x)HoxO3(x = 
0.20) sample obtained by spark plasma sintering at 1600 °C for 20 min is found with enhanced conductivity 
can be used as a proton conducting electrolyte for proton conducting SOFCs.  

 
Keywords: Proton conducting electrolyte, Flash pyrolysis route, Spark plasma sintering, Grain and grain 
boundary, Dielectric and impedance spectroscopy. 
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This work deals with the growth of InxGa1-xAs nanowires (NW) on Group IV substrates by metal 

organic chemical vapor deposition technique with silver (Ag) nanoparticles (NP) as catalysts with an 
objective to replace gold (Au) NP as catalysts having severe disadvantages for device application. Nanowires 
have been found to grow below the eutectic temperature of Ag/Group IV system by vapor-liquid-solid 
method. While optimizing the conditions for tapering free NWs with uniform composition along its length, 
the growth temperature has been found to play the deterministic role in controlling the growth mode of NWs. 
Multi-pronged NWs have been found to grow at 600 °C while at 500 °C growth of single pronged NWs have 
been found to occur which has been explained with the help of classical theory of heterogeneous nucleation 
of NWs. Tapering free NWs with perfect cylindrical morphology have been found to occur for a specific 
partial pressure maintained in the reactor during growth. This has also been explained with the help of 
classical nucleation theory combining conventional adsorption-induced model and diffusion-induced model. 
The size of the catalyst, interestingly, has been found to be the controlling factor for determining the direction 
of growth of NWs. Growth of vertical free standing NWs has been achieved for a specific size distribution 
of AgNPs on Ge (100) substrates without any surface treatments or nucleation steps. Besides, NPs have also 
been found to etch the Ge (100) surface which can be used for in situ nanopatterning of substrates. The 
dependence of NW growth direction on the size of the catalysts has been found to be due to the Gibbs-
Thomson effect. Interface states density (Dit) in InxGa1-xAs NW/Si heterojunction has been determined by 
developing a model which is suitable for semiconductor-semiconductor heterojunction. The rectification 
characteristics of a single InxGa1-xAs NW/Si heterojunction have been demonstrated with standard waveforms 
of sinusoidal, square, triangular and sawtooth of two different frequencies of 1 Hz and 0.1 Hz. Using the 
nanoheterojunction as the rectifying element, a half-wave rectifier circuit has been designed which can be 
used for fabricating nanoscale power supply units on Si platform. 

 
Keywords: Nanowires, Nucleation, Heterojunction, Nanorectifier 
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In the present era, the advanced technology demands for the fabrication of light weight and high 

performance electromagnetic interference (EMI) shielding materials with enhanced microwave absorption 
property for adaptable shielding application in the area of modern electronic gadgets and telecommunication 
devices. Several research works reveals the potential of various conducting polymer composites as efficient 
shielding material. The EMI shielding in a material occurs by three mechanisms: reflection, absorption and 
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internal multiple reflection of the microwave. The EMI shielding of polymer composites depends on its 
electrical conductivity, permeability, permittivity and morphological properties. The high electrical 
conductivity benefits the microwave absorption property of polymer composites. Various procedures are 
reported for achieving higher electrical conductivity in a composites that facilitates the EMI shielding 
efficiency (SE). The inhomogeneity in the polymer composites developed by multiphase formation, 
segregated and porous morphology, foaming structure etc., facilitate the internal multiple reflection of 
microwave that finally is absorbed by the conductive network presents in the polymer matrix.  

In this work, efforts have been put forward to develop multiphase and porous polymer composites 
based on different conducting carbonaceous nanofillers (MWCNT, carbon nanohorn and graphene) with 
light-weight and enhanced microwave absorbing property. Several electrically conducting polymer 
composites with high EMI SE were prepared through in-situ polymerization of monomers and solution 
blending method, in presence of the nanofiller. A significantly high electrical conductivity of the composites 
was obtained at very low loading of the conducting nanofiller through selective dispersion of the nanofiller 
in the matrix phase. The effect of electrical conductivity on microwave absorption property, as well as, EMI 
SE has been discussed in this work. A high EMI SE has been achieved in the composites with enhanced 
microwave absorption property. Various procedures have been developed to create the inhomogeneity in the 
PCL, PS, PMMA, PVDF and PDMS matrix to facilitate the internal multiple reflection of microwave in the 
polymer composites that enhanced the absorption of the microwave. The effect of magnetic material (Fe3O4) 
decorated conducting polymer (polyaniline) as filler on electrical conductivity and EMI SE in polymer 
composites was also investigated. Polymer composites with porous morphology was developed for achieving 
tunable EMI SE in the composites through pressure induced compressibility. The morphological, structural, 
electrical, thermal, mechanical and shielding properties of the prepared polymer composites have been 
discussed in detail in the thesis.  

 
Keywords: Polymer, Carbonaceous nanofiller, Microstructure, Electrical conductivity, Electromagnetic 
shielding efficiency, Microwave absorption. 
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In recent decades membrane separations technology has been sparked as a substantial research area 

in material design and development due to its technical advantages such as simple operation, energy saving, 
the flexibility of raw materials in membrane fabrication and scale up and tailoring. The key parameters for 
membrane separation performances are permeability coefficients (P), the selectivity (α). But, polymeric 
membranes suffer from an obvious trade-off between the desired permeability and selectivity, as quantified 
by Robeson upper-bound relationship in 2008. Thus, new membrane materials are required for higher gas 
throughout by improved permeability and selectivity. In this scenario, aromatic polyamides (PAs) which 
exhibited high gas selectivity with the moderate permeability for different gas pairs along with a number of 
outstanding properties such as high thermal stability and high mechanical properties comes as a suitable 
membrane material. However, PAs exhibited poor processability and limited solubility in organic solvents. 
The primary goal of the present research was the synthesis of soluble polyamides by incorporation of different 
bulky pendant groups along the polymer backbone for gas separation applications. 

Thus, to accomplish the set of goals, the present research focused on the development of new PA 
membranes and the systematic investigation of their gas transport properties towards four different gases 
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(CH4, N2, O2 and CO2). Accordingly, four series of polymers [PA 'A'-'D', PA 'E'-'I', PA 'J'-'M' and PA 'N'-'Q'] 
were synthesized and characterized. Transparent and flexible membranes were prepared from these polymers 
by solution casting technique. The membranes were well characterized by different analytical techniques and 
gas transport properties were investigated. PA 'E' having a bulky pendant phosphaphenanthrene skeleton 
showed highest gas permeability for CO2 [164 Barrer] and O2 [59.7 Barrer] in this investigation. However, 
PA 'J' having bridged Trӧger base (TB) unit exhibited highest permselectivity towards CO2/CH4 [PCO2/PCH4 
= 50.3] and PA 'N' having trityl-substituted triphenylamine (TPA) exhibited highest permselectivity towards 
O2/N2 [PO2/PN2 = 8.47] gas pair in comparison to other polymers in this present investigation. An explanation 
for gas transport properties of Pas was explained from the standpoint of the solution-diffusion model. The 
PA 'N'-'Q' exhibited very promising results in terms of present upper bound limit drawn by Robeson in 2008. 
Finally, an attempt has been made to understand the structure-property correlationship between polymer 
molecular structure and their gas transport properties. 

 
Keywords: Polyamide membranes, Bulky pendant groups, Gas permeability, Ideal permselectivity, 
Robeson's upper-bound. 
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The need for decarbonisation of electricity generation has led to an inevitable requirement of new 

regulations and mechanisms to promote renewable energy integration in the grid. For the last few years there 
has been a dramatic shift in the mechanisms to consider/account for prosumer based electricity, where a 
consumer is producer as well as a consumer of electricity. With the onset of 14 smart grid pilot projects in 
India, there is a need to address the realization of potential underlying various features of a smart grid. The 
national solar mission of India, aims to achieve 100 GW of solar power by 2022. In view of the aggressive 
target for photovoltaic (PV) penetration in India and automation of metering infrastructure, the present 
research explores the impact of the same on small consumers in India. The study includes analysis of net 
metering and demand side management (DSM) programs through simulation and data analysis. In the smart 
grid pilot project at Puducherry, India, net metering mechanism has been incorporated. The study of three 
consumers from the pilot project draws a comparison between net metering and gross metering mechanisms. 
The analysis signifies the necessity to explore alternative net metering models for a feasible and acceptable 
net metering policy. Hence to ratify the results, a study of 120 residential consumers in Kharagpur, West 
Bengal, is undertaken for assessing the pertinence of present net metering policy for residential consumers in 
India. It is found that the present net metering mechanism is not expedient in most of the cases, owing to low 
energy requirement of the households. A smart net metering model is proposed as an alternative to the existing 
net metering policy in order to mitigate its disadvantages for such consumers. The results of the simulation 
analysis based on the model indicate a high positive net present value and an acceptable payback period, 
which makes the model feasible. In another study of smart metered consumers from ix x smart grid pilot 
project, potential of two DSM mechanisms is analyzed. Simulations have been carried out for a price based 
mechanism as well as an incentive based mechanism. The results of the simulation indicate that there is a 
definite scope for load balancing as well as financial savings. Further, a scenario analysis is performed to 
explore how increased solar penetration in the electricity generation mix may impact residential electricity 
consumer bills. The wholesale electricity rates are simulated and based on them retail rates are designed. 
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Wholesale prices are modeled using a bottom up unit commitment optimization model. It is found that that 
bill savings achieved in time varying rates is more than time invariant rate. A similar analysis is performed 
with net metered consumers and it is found that the value of bill savings decreases more in time variant rates 
as compared to time invariant rate. Data from consumers in IIT Kharagpur campus has been taken up for 
similar analysis and suitable recommendations have been furnished in the thesis. With the advent of grid 
connected solar panels in India and automation of metering infrastructure, the need to update the present 
energy policy is foreseen.  

 
Keywords: PV penetration, Smart metering infrastructure, residential consumers, India, retail rate design. 
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Sustainable development presents opportunities for the states and their machineries to strive for 
development conditioned by the understanding that such progress does not compromise the wellbeing of the 
future generations. The understanding has long surpassed the rhetorical boundary in both international and 
national levels and evolved a great deal in recent times.  

Today we have accepted the fact that incessant development can put human security under stress 
and may lead to injustice. Thus, often human rights and the environmental issues have been merged together 
providing a backdrop that is rich in right-based narrative. This conceptual framework permits the quality of 
life for all people while ensures social equity through sustainable development.  

After taking part in 1972 Stockholm Conference, India had successfully augmented its green 
jurisprudence by incorporating specific environmental provisions in the Constitution and enacting related 
laws. The process has stayed its course since then. But, the implementation of such laws has remained as an 
enigma, often leading to situations when human rights are ignored or trampled by powerful classes of the 
society.  
Up to the task, Indian judiciary, especially the Supreme Court, has long been trying to secure rights to Indian 
citizens that are enshrined in the Constitution of the country. In doing so, time and again it has used 
sustainable development as a guiding concept. It is understood that over the years, the Supreme Court has 
been successful in reading unremunerated environmental privileges into enforceable fundamental rights 
provided by the Constitution. The most notable examples are the rights to clean and healthy environment, 
life, liberty and livelihood. This thesis aims at evaluating the approach of the Supreme Court in that legal 
discourse, spanning little over three decades starting from 1985.  

The thesis unveils a splendid design hidden beneath the volumes of Supreme Court judgments. It is 
noted that during the middle part of 1980s, the Supreme Court, was grappled with new types environmental 
issues and began to encourage public interest litigations in environmental matters. The notion of a minimum 
standard for the protection of the right to life and responsibility of the state not to take decisions that would 
deny a person of the minimum essential level of the right was the hallmark of Court’s vision. The Court was 
particularly successful in promoting a rights-based approached in environmental cases by introducing 
necessary conciliatory approach between the right-holders and the duty bearers.  

After 1990, the Supreme Court continued to be the last resort of the poor in their quest for social 
justice and passed number of landmark judgments which are still considered shining beacon in environmental 
jurisprudence of the country. In deciding environmental cases, the Supreme Court had vastly used innovative 
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perception that typically reflected a formalistic approach with a core of realism in it. In long run, the effort 
of the Court helped the government to understand the means of constitutional power in much better manner.  

Though, it is true that judicial indifference in limited number of cases cut assertively in favor of 
those having narrow ideas for development, overall, the Court treated sustainable development with 
syllogistic reason in all three decades to gradually shape it into a coherent legal doctrine. The Court’s early 
sense of trepidation over environmental matters steadily developed into more accommodative behavior as it 
delved deep into the core of the concept, bringing the ‘second level’ meaning of sustainable development 
into life. What remains commendable is that the Court’s idea of accommodating the demand of market 
society, represented dominantly by rich and powerful class, to a constitutional rights paradigm. This, by far 
has created a diffusing effect of minimizing the possibility of confrontation over right claims, yet placing 
substantial responsibility over government to implement its social and democratic policies.  

The study further indicated towards a possibility that the Supreme Court might have adopted a 
sectoral approach while dealing with different environmental problems and the strong and weak approach of 
the Court towards environmental protection went in tandem with the rise and fall of economic conditions of 
the country. Within, the Court had been able to envision the constitutional spirit that often miscarried by the 
government. The effort not only internalize the ‘externalities’ in the right-based framework but also 
profoundly, fortify the ever-growing environmental jurisprudence in India. 
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Technological advances have impacted and led to certain improvement in agricultural productivity 
and food production. In the last two decades, there has been an increase in acreage of GM crops worldwide. 
Among the countries cultivating GM crops, more than half are the developing countries. The global trade in 
food products is expanding rapidly with the introduction of GM food in the commercial food chain. Among 
the developing countries, the production of GM crops and GM food crops is high in China, Latin American 
countries like Brazil and in few African countries especially South Africa. The analysis of the regulatory 
mechanism for the introduction of GM food and derivatives through import or domestic production is an 
important consideration in relation to these countries. Safety has to be ensured not only from the point of 
manufacturing to market but also from market to consumers, which includes many procedures to be followed 
to avoid risks to human health and the environment. The present research work analyses the comparative 
perspectives in relation to the development of policies, laws, regulations, guidelines and standards of food 
legislation and the development of institutional mechanism in the said countries to deal with the food safety 
concerns related to GM food and derivatives.  

Further, the procedures and guidelines for approval and the components of national food safety 
system of Brazil, India, China and South Africa such as safety regulation, labeling, monitoring and 
surveillance, information sharing, and liability have been analysed. The extent of development of liability 
framework for GM food and derivatives at the international level as well as in selected jurisdictions with a 
special reference to India was analysed. Regulation related to trade aspects of GM food and derivatives is 
influenced by other international developments and public policy. The analysis of the broader aspects of 
international instruments and the trade of GM foods reveal that regulations and institutional mechanism need 
to be developed. Analysis of the extent of implementation of FSS Act, 2006 indicates elaboration of 
appropriate procedures and guidelines and the development of institutional mechanism in regulating GM 
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food and derivatives. Finally, it is suggested that the development of norms in food safety components for 
GM will benefit countries such as India.  

 
Keywords: genetically modified food, GM derivatives, food safety, regulation, food safety regulation, BICS 
countries, developing countries, liability. 
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Water is one of the indispensable components on which life of all living beings in India depends. 
Any act polluting water affects unfavourably, not only human beings but also animals, plants, aquatic 
organisms and even non-living things as well. Today, the water resources are in great jeopardy and the 
protection of fresh water requires immediate attention so as to save the world from catastrophe.  

In India, River Ganga occupies a unique position. From times immemorial, it has been India's river 
of faith, devotion, and worship. The river, considered to be the lifeline of millions and the holiest river in the 
world, has become the object of industrial development, the growth of civilization along the riverbank along 
with its religious significance. The river has been declared as the National River of India on November 5, 
2008, by the Government of India. The entire stretch of river Ganga (mainstream) can be divided into three 
stretches, ‘Upper Ganga’ (294 km. Gaumukh to Haridwar), ‘Middle Ganga’ (1082 km. Haridwar to Varanasi) 
and ‘Lower Ganga’ (1134 km. Varanasi to Ganga Sagar). These three stretches are different in their 
geomorphology, ecology, and rheology as also face different problems. The present thesis is limited to 
pollution in lower stretch of river Ganga in West Bengal from Farakka to Ganga Sagar. In West Bengal, the 
first town through which river Ganga flows is Maldah, and it is 80 Kms southeast of Farakka. In far more 
southeast of Farakka, river Ganga has been divided in two different rivers in Mithipur village of Murshidabad. 
One stream named the Padma enters into Bangladesh and another one flows through various towns of West 
Bengal, which is almost 500kms and finally merges with Gangasagar.  

Ganga has remained the most polluted river in India. As it is flowing through different States and 
different geographical locations, it has been seen that Ganga naturally dumps most of its resources and 
pollutants into the lower stretch of its course, which is West Bengal. Furthermore, the river, along with its 
tributaries, is the chief source of water supply for the people of the State. The river is used for bathing, 
immersion of idols, various social, cultural and religious functions as well as ferry transport facility.  

The Constitution of India and the Central and State legislations enacted in consonance of protection 
of environment have highlighted the significance of environment for the present and future generations and 
consequently, right to a healthy and ecologically balanced environment has been read as an integral part of 
right to life under Art 21 of the Indian Constitution. Central Legislations like Water Act, 1974 and 
Environment Protection Act, 1986 have primarily adopted ‘anti-pollution’ approach, whereas, the issue is not 
merely water pollution but it is much more varied and complex. It has been observed that there is a need to 
ensure effective abatement of the water pollution and conservation of River Ganga by adopting an effective 
approach which not only protects River Ganga but also preserves the water quality. In this regard, the 
functioning of the civic bodies is very important. They are the key authorities to implement measures with 
regard to city cleaning, sewage, solid waste management etc. In the present thesis, a cross-sectional study of 
multiple groups, including municipal authorities, local people and Pollution Control Board, has been 
undertaken in the backdrop of legislative and judicial developments to understand their role in the issue of 
pollution of the river and suggested institutional coordination as the key element in this regard.  
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The conservation of biological diversity has emerged to be a dominant area of discourse from point 
of view of international implementation and domestic compliance. Biodiversity maintenance is important for 
the sustainable utilisation of biological resources. The Convention on Biological Diversity (CBD) and the 
Nagoya Protocol provide the foundation for obligations of member countries for conservation, sustainable 
utilisation and access and equitable sharing of benefits of biological resources. While countries are now in 
the post Nagoya period, it is important to ascertain the extent of international as well as domestic 
implementation. The present research analyses the international framework on ABS and biodiversity 
monitoring, with regard to Articles of the CBD and Nagoya Protocol. The status of implementation from a 
regional context is also analysed taking into consideration the Asian Mega Diverse countries Malaysia, China, 
Philippines, Indonesia and India. Varied level of conservation Initiatives, Biodiversity Monitoring Practices 
and ABS Implementation was found in these countries. The extent of implementation of the biodiversity 
conservation and ABS was studied in relation to 13 State Biodiversity Boards in India through questionnaire 
survey and field surveys. Based on the analysis this research work proposes pre ABS and post ABS measures 
that favor implementation of ABS goals in India from the purview of the Biological Diversity Act 2002, the 
Rules and the Access and Benefit Sharing Guidelines (ABS) 2014.  

 
Keywords: Biodiversity Monitoring, Access and Benefit Sharing, Biological Resources, Compliance, 
Biological Diversity Act, Asian Mega Diverse Countries 
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Ceramic materials are commonly used as outdoor insulator for high voltage power transmission line. 

Presently these ceramic insulators are replaced by composite polymeric insulators with silicone rubber 
(PDMS) housing, especially in industrial area with pollution. Silicone rubber is chosen for housing material 
because of their excellent aging resistance, electrical property, tracking resistance, stable hydrophobicity 
which in turn controls the tracking resistance. Unlike inorganic ceramic insulators, organic polymeric 
insulators have relatively shorter life. In fact, these outdoor insulators are subjected to variety of electrical, 
mechanical, chemical, thermal and ultra violet (UV) stresses during their service under open atmosphere. The 
most important issue for consideration here is the long-term service performance of polymeric insulators and 
estimation of their probable service life. However, the determination of service life is complicated and time 
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consuming process. The main objective of this investigation is to check the property deterioration with natural 
aging followed by probable lifetime prediction from aging properties. The working silicone insulator samples 
(not failed) with different age life were collected and the changes in mechanical, electrical and hydrophobic 
properties with time were measured. Further, the service life was estimated from the change in mechanical 
property (elongation at break) and surface hydrophobicity and these results were compared with results 
obtained from standard insulator compound subjected to accelerated aging tests. Thus comparative study was 
made between natural aging and accelerated aging process. Prediction of service life will be helpful in 
replacing the aged insulator before failure without abrupt interruption of power transmission. However, 
insulator compounds based on PDMS have deficiencies like poor mechanical strength and high cost. To 
improve mechanical properties and reduce cost, silicone rubber is blended with ethylene vinyl acetate 
copolymer (EVA). The optimum blend composition is found to be PDMS/EVA 60/40 (w/w). But in doing 
so there is some reduction in hydrophobicity is observed, thus adversely affecting the tracking resistance. To 
improve hydrophobicity, the addition of nanosilica in the level of 6 phr is found to be the optimum. Thus 
high performance outdoor insulator can be produced from PDMS-EVA blend containing 6 phr nanosilica. 
Different types of accelerated aging test were performed on insulator samples to simulate their aging 
behaviour under different real life aging process. Aging studies under different conditions reveal that the 
failure of polymeric insulator is mainly due to UV radiation from sunlight which adversely affects surface 
hydrophobicity and increases the probability of failure by electrical tracking. To improve aging resistance 
against UV radiation some nanoparticles like MnO2, TiO2 and hybrid nanoparticles TiO2-MnO2 were added 
to the developed insulator compounds. These nanofillers MnO2, TiO2 and hybrid nanofiller TiO2-MnO2 were 
also synthesized in laboratory. Effects of addition of these nanofillers on different properties of insulator 
compounds were investigated.  

 
Keywords: Insulator; High voltage; Polymer nanocomposite; Polymer blend; Nanoparticles; 
Hydrophobicity; Natural, thermal and UV aging. 
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Development of conductive textiles using carbonaceous conductive fillers such as carbon black, 

graphite, carbon nanotubes, graphene etc. has been initiated. Last two decades have witnessed much attention 
on the carbon nanotubes and graphene as conductive fillers. Subsequently metal nanoparticles and 
intrinsically conductive polymers have been evolved. However, the use of normal grade carbon black as 
conductive filler has been overlooked without considering its availability, low cost and durability. Although, 
the effectiveness of carbon nanotubes and graphene as conductive fillers have been established, but the large-
scale availability and cost remain a concern to utilize them up to product level applications. Similarly, the 
uses of conductive polymers for developing conductive textiles are still a concern because of its price and 
weather resistance. On the other hand, the uses of carbon black have not gained much attention possibly 
because of its low level of attainable conductivity. Thus, the research on finding a low cost, durable, flexible 
conductive textile to meet up the ever-growing demands for electro-textiles applications is a challenging task. 

The thesis deals with a unique process of developing conductive fabric using regular grade furnace 
black and characterization of the coated fabric for practical applications. The various types of furnace blacks 
were used for achieving comparative level of conductivity with the help of interpenetrating polymer network 
(IPN) of natural rubber latex (NRL) and polyvinyl alcohol (PVA). The knife-over-roll coating technique was 
utilized to coat conductive composite (in paste form) on the plain woven cotton fabric. Initially, the process 
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parameters, as well as carbon particle parameters, are optimized to enhance and standardize the conductive 
properties of the coated fabric. After that, bimodal carbon particles were used to achieve even higher 
conductivity. Then, carbon allotropes were tried using the same matrix to compare the effectiveness of usual 
grade carbon particles as conductive filler. Finally, coated fabrics were characterized by practical applications 
such as electromagnetic interference shielding, ultra violet ray absorber. 

The study suggests that high abrasion furnace carbon black can be utilized to develop conductive 
fabric with less than 1 Ohm-cm resistivity using cost-effective one-pot process. The attained resistivity level 
is comparable for the coated textiles using the other costly forms of carbons such as graphene, carbon 
nanotubes etc. and also with intrinsically conductive polymers. Additionally, the combination of N330 and 
N550 with specific blend ratio displays dramatic improvement in conductivity of coated textile even at lower 
level of loading. 

 
Keywords: Furnace black, conductive fabric, composite, carbon-cluster, interpenetrating polymer network, 
coating, bimodal filler, carbon allotropes, electromagnetic interference shielding, UVabsorber. 
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The aim of thesis is to prepare polythiophene, multiferroic BiFeO3 and their graphene based 

nanohybrid for photocatalytic and solar cell applications. The work describes synthesis, characterization, 
device fabrication and future prospective of polythiophene, BiFeO3 nanoparticles and BiFeO3-graphene 
nanohybrid. Nucleation and growth process of electrodeposited polymer determines its morphology, thus its 
function and applicability. Here, we show how minute changes in the polymerization condition, like current 
density and electrolyte concentration, alter nucleation pattern of polythiophene. Polythiophene was 
electrochemically synthesized on indium tin oxide (ITO) coated glass slides using boron trifluoride diethyl 
etherate (BF3.Et2O) electrolyte. Two distinct morphologies of the polythiophene i.e., dendritic and compact 
uniform films have been obtained. Due to the higher surface roughness in the dendritic structured samples 
electrical properties seem to decrease. However, dendritic structures can efficiently guide light and proved to 
be a good candidate for the photonic and energy application. On the other hand, compact uniform films of 
polythiophene shows enhanced redox capacity and high electrical conductivity. It also shows substantial 
photovoltaic performance when used as a Hole-Transporting Layer (HTL) in the photovoltaic device. This 
shows that electrochemically synthesized polythiophene with/without dendrites has potential application in 
the field of optical waveguide and photovoltaics.  

BiFeO3 nanoparticles were prepared by simple green route as well as conventional synthetic route. 
An extract of Calotropis gigantea flower was used as a reaction medium in the green route. In each case so 
formed BiFeO3 nanoparticles are of comparable quality. These pure phase BiFeO3 nanoparticles were first 
time surface modified effectively using two silanes viz., tetraethyl orthosilicate and (3-
Aminopropyl)triethoxysilane. Modified BiFeO3 comprise superior dispersion characteristics, improved 
ferroelectric properties and favorable magneto-dielectric properties than unmodified BiFeO3. The BiFeO3 
nanoparticles grafted on graphene nanosheets (BiFeO3-g-GNS), and their morphology, photocatalytic 
activity, structural and magnetic properties were investigated. Well decorated graphene sheets with spherical 
perovskite type BiFeO3 nanoparticles of size 50–80 nm are obtained as confirmed by FESEM and HRTEM 
analysis. Enhanced interactions between BiFeO3 and graphene are observable from XPS and Raman spectra. 
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BiFeO3-g-GNS exhibits enhanced photovoltaic performance and photocatalytic activity over pristine BiFeO3. 
These improvements are attributed to increase in absorption intensity in the visible region (above 550 nm), 
reduced band gap, and limited recombination of charge carriers by the incorporation of graphene. Overall, 
electrodeposited polythiophene, BiFeO3 and their graphene based nanohybrid have potential application in 
the field of photovoltaics and photocatalysis.  

 
Keywords: Structured Polythiophene, Electrochemical Synthesis, Solar cell, Multiferroics, Bismuth Ferrite, 
Graphene, Photocatalysis, Waveguide, Nanophotonics. 
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Natural rubber (NR) is a versatile material having wide-spread applications in the day-to-day life. 

Despite the good strength of NR, reinforcing fillers such as carbon black and silica are commonly used to 
enhance the properties of NR further for high-performance products such as tyres. Highly dispersible silica 
(HDS) is a new generation of precipitated silica. Due to the strong filler-filler interactions between silica 
aggregates caused by a large number of silanol groups on the silica surface, the use of silica in NR or other 
hydrocarbon rubbers requires a silane coupling agent. The most commonly used silane coupling agent is 
TESPT, but some drawbacks of the use of this silane in silica-filled compounds have been reported. Aromatic 
oils are still predominating as the plasticizers and process aids in the rubber industry. However, these aromatic 
oils contain carcinogenic polycyclic aromatic hydrocarbons and thus, raised concern to look for alternate 
sources of plasticizers from renewable resources. A whole or partial replacement of silane coupling agent 
with chemically functionalized NR should reduce the complications arising from the silanization reaction. 
Herein, we report the functionalization of bio-resin with NR to produce new sustainable and greener 
functional polymer. Bio-resin functionalized NR was prepared by melt mixing using di (2-tert butyl peroxy 
isopropyl) benzene initiator. Structure elucidation of the bio-resin functionalized NR was established by 1H-
NMR and FTIR respectively. Bio-resin functionalized NR coupled with Epoxidized Natural Rubber (ENR) 
facilitates the augmented interaction with HDS. Improved state of HDS dispersion has been achieved even 
in the absence of process oil and silane coupling agent. Various meticulous characterization evaluates the 
internal plasticizing effect of the functionalized bio-resin and better dispersion of HDS without the addition 
of process oil and silane coupling agent. The phenolic moiety in the bio-resin and an epoxy group in ENR 
interact with the surface functional groups of the HDS and thus, leads to better rubber-filler interaction. This 
has been supported by SAXS, TEM and reduced Payne effect as observed in green composites. Bio-resin 
exhibits excellent antioxidant activity and also acts as a cure-promoter because of the participation of its 
unsaturation in the vulcanization reaction. The aging, DeMattia fatigue, abrasion loss and viscoelastic 
behaviour of the bio-resin functionalized NR/ENR filled with HDS vulcanizates have been evaluated. The 
dynamic mechanical analysis shows an ultra-low rolling resistance coupled with high traction and advanced 
elastic response of the greener compounds. On the other hand, this work encompasses possible routes for 
reduction of conventional ZnO with ZnO nanoparticles. More decisively, the macromolecular system has 
been toned up sparingly in the presence of bio-resin. Our contribution facilitates a novel avenue to develop 
sustainable high-performance elastomeric composites.  
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Elastomers are one of the most versatile materials having a myriad of applications. Until now, most 
of the synthetic elastomers are either derived from petrochemical resources or part of it contains petro-based 
synthones. Having been motivated by the quest to develop sustainable elastomers, the present thesis work 
reports the fabrication of a series of sustainable elastomers (both homo and copolymers) based on β-myrcene 
(MY) - a naturally occurring monoterpene from plant - by an environmentally benign emulsion 
polymerization method. The synthesized polymyrcene displayed a substantially high molecular weight (up 
to 92,860 Da) and subzero (-69 °C) glass transition temperature indicating elastomeric nature. The 
microstructure of the as synthesized polymyrcene was ascertained in details from various spectroscopic 
measurements. The persulfate initiated polymyrcene possesses 3,4 and 1,2 vinyl microstructures along with 
1,4 -cis and 1,4 -trans microstructures, whereas the redox initiated polymyrcene contains solely 1,4 -cis and 
1,4 -trans addition products. The probable polymerization sites in MY were predicted from theoretical 
calculations. In order to explorethe use of MY further as a renewable constituent in place of petro-based 1, 3 
butadiene, a series of random copolymers based on MY and styrene (ST) was fabricated. The 
synthesizedcopolymer having a 70/30 weight/weight ratio of MY/ST (comparable styrene content with that 
of commercial SBR) displayed a number average molecular weight of 51,500 Da and a glass transition 
temperature of -35 °C. Molecular dynamics simulation was performed to visualize the macromolecular chains 
of the copolymers. The synthesized copolymers also displayed pseudoplastic flow behaviour. In order to 
impart polarity in to the otherwise nonpolar polymyrcene elastomer, a series of copolymers with dibutyl 
itaconate (DBI) (a derivative of itaconic acid, which is rated as a “top value added chemicals from biomass” 
by U.S. Department of Energy) was also synthesized. Depending upon the composition, the synthesized 
copolymers exhibited sub-ambient glass transition temperature in the range of -60 to -33 °C. Kinetic study of 
the polymerization reactions revealed first order reaction pathway. A plausible mechanism of the emulsion 
copolymerization is also provided. Further, a series of copolymers of MY with methacrylates (having varying 
side chain lengths - butyl, lauryl and stearyl) was synthesized and the effect of such methacrylate side chain 
length on the emulsion copolymerization reaction was investigated. It was found that with increase in the side 
chain length (from butyl to lauryl to stearyl), the kinetic rate of the copolymerization slowed down to a 
significant extent. This observation was further supported from the theoretical calculations. The glass 
transition temperature (and its change) of the copolymers was found to vary depending upon the composition 
and type of methacrylate comonomer. The microstructure of all of these sustainable polymers, as analyzed 
from spectroscopic measurements, could be tailored by judicious choice of comonomer content. Finally, to 
demonstrate the application, each type of β-myrcene based sustainable elastomers was compounded and 
finally vulcanized using conventional rubber processing method. 50 phr N330 carbon black filled 70/30 
MY/ST elastomer vulcanizate offered good mechanical (6.4 MPa tensile strength and 395% elongation at 
break) and dynamic mechanical properties (higher Tan δ value at 0 as well as at -25 °C). Thus, it can be 
concluded that the particular terpene based copolymers could emerge as attractive sustainable elastomers of 
the future. 

 
Keywords: Elastomer, β-Myrcene, Emulsion polymerization, Sustainable polymer 



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 237
 

 
 

DISTRIBUTION & DISPERSION CHARACTERISTICS OF CARBON 
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The present thesis encompasses with the dispersion and distribution behaviour of various carbon 
fillers in elastomer and elastomer blend matrices for the development of electrically conductive with good 
mechanical and thermal properties composites. These composites have been prepared through the 
incorporation of various carbon fillers like particulate carbon black (N300, Vulcan XC-72), multiwalled 
carbon nanotubes (MWCNT) and graphene nanoplatelets (GNP) or their combination in elastomer blends or 
in single elastomer matrix. Theses composites were prepared by different mixing procedures involving the 
melt mixing, solution mixing, and solution cum melt mixing. The distribution behaviour of single filler was 
checked in 50/50 wt/wt polar/polar (compatible) blend of NBR/EVA and 50/50 wt/wt polar/non-polar 
(incompatible) blend NBR/EPDM. The distribution behaviour of hybrid fillers (GNP+CB & GNP+MWCNT) 
was checked in single elastomer matrix. In melt mixing method of composite preparation, different modes of 
carbon fillers addition in the phases of elastomer blends were carried out and their effects on mechanical and 
electrical properties have been investigated. The different modes of filler addition significantly affect the 
electrical conductivity (both AC and DC) of the blend composites. The formation of conductive networks in 
the blend matrix is significantly affected by the viscosity of the constituent elastomer. The relatively much 
less variation in mechanical properties are observed due to change in modes of filler addition reveals that 
even after preferential addition of fillers in particular phase, there is redistribution of fillers during successive 
stages of mixing. The dynamic mechanical analysis (DMA) and results of surface energy measurement 
revealed that carbon black and GNP have higher affinity towards the less viscous elastomer phase of both 
compatible/ incompatible blend. The dispersion of GNP in elastomer matrix strongly depends on the mixing 
procedure and two-step mixing method (solution cum melt mixing) was adopted for better dispersion of 
grapheme in elastomer. The addition of GNP in elastomer matrix exhibits good reinforcing effect. The 
incorporation of only 7 phr of GNP significantly improves the scorch safety, tensile strength (improvement 
of ~260%) and thermal conductivity (0.83 W/mK from 0.21 W/mK) for the incompatible EPDM-NBR blend. 
The morphological analysis revealed that solvent assisted dispersion of GNP exhibits better improvements 
in cure characteristics as well as mechanical properties compared to the dry mixing accomplished in two-roll. 
The combination of GNP and other carbon fillers like carbon black (CB) and MWCNT significantly improves 
the mechanical, electrical and thermal stability properties of elastomer composites compared to individual 
single filler used in hybrid fillers. The dispersion of GNP in matrix polymer is strongly influenced by the 
presence of other member of hybrid filler system. Different morphological analyses revealed that CB helps 
in better delamination of stacked GNP layers, whereas the presence of MWCNT does not improve the 
dispersion of GNP in the elastomer matrix. Morphological analysis also reveals the formation of some 
networks of GNP-CB-GNP which accounts for significant improvement in tensile strength and elongation at 
break compared to that of GNP-MWCNT hybrid system. The improved dispersion of GNP due to 
delamination of stacked GNP layers in presence of CB generates more new surfaces and increase in surface 
area for bonding with polymer chains, which accounts for its better dispersion and improvement in polymer-
filler interaction and also improvement in mechanical and thermal properties.  

 
Keywords: Dispersion, distribution, elastomer composites, electrical conductivity, mechanical properties, 
thermal properties, morphology. 
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Thermally stimulated shape memory polymer blends based on high ethylene containing ethylene 
propylene diene rubber (EPDM) and ethylene octene copolymer (EOC) at different blend ratios have been 
developed by melt mixing technique. DSC and DMA study indicate the presence of two separate phases with 
different crystalline melting domains. Morphology study also suggests the presence of two phase 
morphology. Shape memory test was carried out at 60ºC and it was noticed that polymer blends containing 
higher proportion of EPDM gives better shape memory properties in terms of shape fixity (f) and shape 
recovery ratio (RR). Higher crystallite formation during cooling in soft segments (EPDM) results higher 
degree of shape fixity and again triggering to higher temperature result better shape recovery due to melting 
of the crystal. Shape memory properties study after the electron beam treatment results deterioration of the 
shape fixity character of the crosslinked blends as compared to its uncrosslinked one due to the breakage of 
the crystalline structure. On the other side, the improvement in shape recovery behaviour takes place due to 
the formation of crosslinked network structure. Crosslinked network formation is also supported by higher 
gel content value, lowest reduction in decay of stress value and lowest relaxation ratio of the radiation 
crosslinked blends. Creep response, stress relaxation and melt rheological study of the uncrosslinked and 
radiation crosslinked EOC-EPDM blends have also been investigated. Higher radiation crosslinked blends 
are very much prone to exhibit resistance to creep behaviour which is ascribed due to the formation of 
crosslinked network structure in presence of electron beam. Higher resistance to creep behaviour and lower 
creep compliance value clearly indicate the better shape recovery character of the radiation crosslinked 
blends. During the stress relaxation study at 60°C, lower decay of stress value and lower relaxation ratio also 
support the better shape recovery behaviour of the highest radiation crosslinked blends. Temperature 
scanning stress relaxation (TSSR) studies of uncrosslinked and radiation crosslinked polymer blends of EOC 
and EPDM has been carried out over the temperature range of (23-100)°C to get the idea about the 
thermomechanical behaviour of the material. With increasing radiation dose, TSSR index or RI value of the 
radiation crosslinked blends increases, which is an indication of the improvement of the elasticity of the 
crosslinked network and thus results better shape recovery of the crosslinked blends as compared to the 
uncrosslinked one. Polymer nanocomposites of EOC-EPDM blend at a fixed blend ratio has been prepared 
by the incertion of two different types of POSS (polyhedral oligosilsesquioxane) nanoclay namely 
octaisobutyl POSS (OIB POSS) and trisilanolIsobutyl POSS (TSIB POSS) with different loading. OIB POSS 
shows significant impact upon the shape memory behaviour of the blend; whereas the impact of TSIB POSS 
was not so prominent. In POSS moiety, presence of closed cage like structure improves the shape recovery 
ratio and also reduces the shape recovery induction time. Shape memory study of the blends of two alpha 
olefins (EOC 8440:EOC 8200) at a fixed blend ratio (50:50) has been carried out. Alpha olefin with higher 
branching density (EOC 8200) gets crosslinked much more rather than the breakage of its crystalline region. 
On the other hand, reverse phenomenon was observed for the alpha olefin with lower branching density (EOC 
8440). In presence of electron beam for EOC 8200, as the chances of crosslinking is much more rather than 
the destruction of the crystalline region reduction in percentage shape fixity value is not so high. At the same 
time, shape recovery of the blends gets improved after the electron beam treatment.  

 
Keywords: Shape memory polymers, shape transition temperature, shape fixity, shape recovery ratio, 
electron beam treatment. 
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ECO – FRIENDLY CHITOSAN BASED POLYMER ELECTROLYTE 
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Accession No.: NB15969 

 
Proton exchange membrane fuel cells (PEMFC) are one of the most promising clean energy 

technologies under development. Proton exchange membrane (PEM) is a key component of PEMFC. An 
ideal PEM material must possess several characteristics such as high proton conductivity, low electrical 
conductivity, high fuel cross – over resistance, good mechanical and thermal properties, hydrolytic and 
oxidative stability and low cost. The perfluorosulfonated membranes, in particular Nafion have been widely 
used as a material of choice and technology standard due to its good proton conductivity and good thermal 
and mechanical stability. Owing to the limitations associated with Nafion such as high cost, poor fuel barrier 
properties and instability at operating temperature above 80°C many synthetic polymers emerged as a 
promising alternative to the state of art perfluorosulfonated membranes. The safe disposability through 
biodegradation after service life is also an important consideration for any useful polymeric materials  

The present investigation is aimed at the development and characterization of cost effective and eco 
– friendly polymer electrolyte membranes based on chitosan, a natural polymer for fuel cell applications. The 
modifications of chitosan using combination of different sulfonic acid dopant (methane sulfonic acid and 
sodium salt of dodecylbenzene sulfonic acid) and sulfuric acid as a cross linking agent exhibit improvement 
in water uptake and mechanical stability. The presence of dopant facilitates the process of proton transport 
but increases the methanol cross – over of the membranes. The synergistic improvement in hydrolytic 
stability has been observed after cross – linking of the membranes. Another type of chitosan membranes 
based on silica supported silicotungstic acid (IHPA) was synthesized. The silica supported silicotungstic acid 
(IHPA) was synthesized by acid – catalyzed condensation reaction between silicotungstic acid (SWA) and 
tetraethyl orthosilicate (TEOS) using sol – gel process. The effect of IHPA content on mechanical, thermal 
and electrochemical characteristics of modified chitosan membranes and its application as PEM material for 
fuel cell has also been investigated. Some membranes were also prepared from modification of chitosan by 
polyaniline coated nanosilica. Electrochemical synthesis of polyaniline at suitable reaction conditions 
exhibits graphene – like ultra – thin layered structure. Hydrophilic nanosilica was coated with polyaniline 
nanosheets using ultrasonication method. The hybrid nanocomposites of the polyaniline coated nanosilica in 
chitosan matrix improves the fuel cross over resistance, water retention ability and proton conductivity and 
thereby its applicability in PEMFCs. Blend polymers where chitosan is the major component and SPVDF as 
minor component were also used to prepare polymer electrolyte membranes. The physico – chemical 
interaction among the blend components was confirmed by FTIR, DSC and morphology. Blending of 
chitosan with SPVDF reduces the methanol cross over and improves ion exchange capacity and proton 
transfer through the membranes. The reduction in methanol cross over and improvement in proton 
conductivity are best balanced at 10 wt% SPVDF content.  

 
Keywords: chitosan, direct methanol fuel cell, heteropoly acid, polyaniline. polymer electrolyte, proton 
conductivity. 
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HEALING POTENTIAL OF CHARACTERISTIC HONEY: 
CIRCUMVENTING CELLULAR HYPOXIC ASSAULTS AND PROMOTING 

DIABETIC WOUND REPAIR 
 

Amrita Chaudhary 
Supervisor: Dr. Jyotirmoy Chatterjee 

School of Medical Science and Technology 
Accession No.: NB16009 

 
Healing with honey is known through ages. Its growing importance in mainstream medicine is also 

remarkable. Anti-inflammatory, anti-bacterial, anti-oxidant, angiogenic and anti-scarring impacts of honey 
especially in wound repair is noteworthy. However, possible variation of its healing impacts as per floral 
origin, anti-oxidant potential and dilution needs in depth characterization. Present study physico-chemically 
screened sixteen honeys and Jamun honey (JH) selected for detailed study particularly considering 
remarkable antioxidant potential. Polyphenolics of JH (JHEP) analyzed by chromatography and mass 
spectrometry. JHEP doses in modulating hypoxic assaults on Keratinocytes (HaCaT) studied with cadherin-
catenin-cytoskeleton complex (F-actin, E-cadherin and β-catenin), HIF 1α, Ki67 and p63 expressions 
employing immuno-cytochemistry (ICC), western blot and qRT-PCR. Influence of JH dilutions on HaCaT 
wound model under hypoxia and normoxia also explored along with documenting epithelial gene expressions 
and epithelio-mesenhymal transition (EMT) markers. Topical effects of JH on full thickness (diabetic/non-
diabetic) wounds in comparison Manuka honey (MH) studied with semi-quantitative histopathology and 
collagen (I and III) expressions. Their implications on primary cutaneous fibroblasts from diabetic/non-
diabetic mice also evaluated. JH impacts on diabetic wounds again assessed for angiogenic markers viz. HIF-
1α, VEGF, VEGFR-II. Tested honey samples satisfied criteria of Indian standard and Codex Alimentarius 
standard. The JH showed optimum pH (3.55), low water and hydroxy methyl furfural, highest catalase 
activity, phenolics and proline contents. JHEP mass spectrometry identified phytochemicals and plant 
secondary metabolites viz. hesperetin, quercetin, ellagic acid having anti-oxidative potential. Under hypoxia, 
0.063 mg/ml JHEP dose on HaCaT showed reduction of ROS, membrane damage, HIF 1α expression and 
restoration of membranous cadherin-catenin-cytoskeleton complex as well as p63 and Ki67 expressions. JH 
dilution (0.1% v/v) depicted reduced hypoxic impact on in vitro wound repair and EMT. JH and MH 
demonstrated enhanced collagen I expression in diabetic/non-diabetic wounds, in vitro wound healing of 
fibroblast population with α-SMA positive cell migration. Topical application of JH significantly enhanced 
angiogenic markers in promoting diabetic wound healing. Multi-dimensional characterization of varied 
honey and Jamun honey selection having potent antioxidant components and dilution effects on wound repair 
including diabetic wounds hence facilitated relevant therapeutic applications and indicated its applicability 
in appropriate dilutions for developing tissue engineering biomaterial scaffold.  

 
Keywords: Honey characterization, Jamun honey, Antioxidants, Hypoxic assaults, Gene expression, 
Diabetic wound healing. 
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Critical impacts of metabolic disorder like Diabetes Mellitus (DM) on diverse pathology of vital 
organs viz. heart, kidney, eye along with macro/micro-vascular complications in retinopathy, nephropathy 
and neuropathy and their pathobiological studies are crucial in the field of early diagnostic research. Diabetic 
Retinopathy (DR) is a sequela of DM which may even cause blindness but its pathology remains almost 
asymptomatic until vision loss. Conventional diagnostic practice employing color fundoscopy, Fluorescein 
Angiography (FA) and Optical Coherence Tomography (OCT) are not always effective in early DR 
diagnosis. Hence, besides imaging such complex pathobiology may be evaluated using vital attributes of 
proteomics, lipidomics, metabolomics and biophysical interfaces of the body fluids (Viz. Serum and tear) 
using varied molecular methods as performed in this study involving diabetics with or without DR and normal 
counterpart. It investigated retinal health of diabetics with correlated fundoscopy, FA and OCT including 
extraction of image attributes. Subsequently, the serum samples were subjected to quantitative proteomic 
techniques, Fourier Transform Infrared Spectroscopy, Raman and Nuclear Magnetic Resonance spectroscopy 
and gas-chromatography coupled high resolution mass spectroscopy for elucidating “Omics” signatures of 
DR. Novel biophysical properties of serum under the exposure of gold nanoparticles were also explored in 
terms of fractal dimension analysis. Findings on geometric attributes extracted from fundus and FA images 
could be correlated with OCT features to differentiate the retinal lesions having neurodegeneration with high 
sensitivity and specificity. Again, DR serum samples depicted unique gold nano-colloid aggregation pattern 
and fractal dimension. Expressions of proteins were found to be associated with wound healing and retinal 
neurodegeneration. FTIR and Raman spectroscopy of serum samples confirmed the differential expressions 
of lipids and β-sheet containing proteins responsible for neo-angiogenesis, vascular fragility, vascular 
asymmetry and subsequent neuroretinal degeneration in DR while NMR findings revealed elevated levels of 
ribitol, glycerophosphocholine, and uridine-diphosphate n-acetyl glucosamine. Lipidomic biomarkers further 
served as complementary proof towards early detection of neuroretinal degeneration in DR. Thus, this work 
can be considered as an integrated attempt to delineate multidimensional signatures in DR at early stage and 
in providing option to correlate structural changes with molecular pathology attributes in body fluids towards 
finding theragnostic markers for DR. 

 
Keywords: Diabetic Retinopathy, Optical Coherence Tomography, Quantitative Imaging Biomarkers, 
Fractal Dimensions, Spectral Signatures, Proteomics, Lipidomics, Metabolomics. 
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The current thesis reports the development of an antidiabetic polyherbal phytoceutical with evidence 
based approaches for better applicability of the same in the light of translational health research. A polyherbal 
phytocomposite (PHC) prepared from the leaf powders of Ficus benghalensis (Banyan), Syzigium cumini 
(Jamun), and Ocimum sanctum (Tulsi) inhibited the enzymes found to play a role in the pathogenesis of Type 
2 diabetes. The significantly lower IC50 values of the PHC (3.38 ± 0.07, 3.37 ± 0.11, 21.42 ± 0.51, 43.05 ± 
1.11, 0.36 ± 0.02) in inhibiting alpha amylase, alpha glucosidase, aldose reductase, angiotensin converting 
enzyme and DPP4 substantiates its antidiabetic potentialities. It also inhibited pancreatic lipase 
(hypolipidemic) and exhibited antioxidant potentials in relevant in vitro enzyme inhibitory assays (DPPH, 
ABTS and FRAP assays). Chemoprofiling of PHC identified pharmacologically active compounds viz. 
lupeol, eugenol, ursolic acid, rutin etc. by chromatographic and spectroscopic techniques. In vitro findings 
were validated by in silico molecular GRIP docking studies where Rutin showed maximum binding affinity 
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with DPP4 and eugenol with alpha amylase. In acute toxicity studies with PHC no death was observed upto 
a dose of 7.5 g/kg b.w. Hypoglycemic-hypolipidemic action of 100 mg/kg PHC when compared with its 
constituent plant species (Banyan, Jamun and Tulsi) and metformin was found to be significantly better 
(p<0.001) thus suggesting phytosynergism amongst the phytomolecules present within PHC. Natural 
polymers viz. gum kondagogu, gum karaya, Aegle marmelos gum were used as release retardant. Optimized 
batch of conventional and SR tablets showed 99.8 % and 99.9% release respectively with zero order release 
kinetics. Pharmacokinetic parameter (Cmax, Tmax, AUC, maximum retention time) values show that plasma 
concentrations of PHC are maintained and confirms to the criteria for conventional and SR formulations. In 
vitro- in vivo correlation (IVIVC) of three different formulations were in the order of sustained release (r2= 
0.99) > microcapsules (r2= 0.97) > conventional (r2= 0.90) and thus Level A correlation have been 
established suggesting dissolution a surrogate for biowaiver studies. Extrapolation of animal dose to predict 
human dose and pharmacokinetic parameters by Allometric scaling (‘single species rat method’) was found 
to be convenient, simple and cost effective. 
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HIV-AFFECTED FAMILIES FROM WEST BENGAL: PHASE IV CLINICAL 
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Pneumonia is the leading cause of death in HIV-infected children. Two leading bacterial causes, 
Haemophilus influenzae type b (Hib) and Streptococcus pneumoniae are vaccine preventable. The Hib 
conjugate vaccine (HibCV) and the pneumococcal conjugate vaccines (PCV) are recommended for children 
with HIV; however, they are not part of programs in India. We looked at the impact of these vaccines in high-
risk families, where both adult and children have HIV. 

We conducted a prospective cohort study from 2012-2014 in West Bengal India, with two cohorts: 
families affected by HIV, and those uninfected. HIV-infected children 2-15 years got two doses of the HibCV 
(Sii-HibPRO) and one dose of PCV13 (PREVNAR13). HIV-uninfected children 2-5 years received one dose 
of HibCV and PCV13 as catch-up. Nasopharyngeal swabs were collected from children and parents at 
baseline and at multiple times post vaccination (total six swabs). Both vaccines were well tolerated in both 
cohorts. 

125 HIV-infected children and their parents, and 44 HIV-uninfected children and their parents, 
participated in the HibCV study. Baseline Hib carriage in HIV-infected children was 13.8% and dropped to 
1.8% at 20 months following HibCV (p=0.002). In uninfected children, baseline carriage was 4.5% and 
decreased to 2.3%. 76% of HIV-infected children mounted an anti-Hib-PRP antibody response of >1  μg/dl 
following HibCV. HIV infected parents had nine times increased risk of Hib carriage if their child remained 
colonized. Anti-Hib-PRP antibody level >3.3 μg/dl was found optimum to prevent carriage in HIV-infected 
children. 

113 HIV-infected and 47 uninfected children received one dose of PCV13. There was no difference 
in the acquisition of vaccine type (VT) isolates in HIV-infected (4.4%) or uninfected children (4.5%) post 
PCV13; however, children with HIV had decreased clearance of VT strains (11.4% vs. 4.4% p=0.05). 
Children with higher nadir CD4 counts before antiretroviral therapy (ART) were less likely to have VT 
colonization post PCV13. 

Fifteen months after study completion, 99 parents from both HIV-infected and uninfected cohorts 
were interviewed; 89% were strongly willing to recommend the vaccines to others, and 87% were willing to 
pay for PCV at a subsidized cost. 
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FOR CHRONIC ULCER EVALUATION USING OPTICAL IMAGING 

 
Dhane Dhiraj Manohar 

Supervisor: Dr. Chandan Chakraborty 
School of Medical Science and Technology 

Accession No.: NB15998 
 

Chronic ulcer (CU) is a clinical condition characterised by localized injury to the skin, with its 
tissues having physiologically impaired healing response. The common causes of the ulcers are old age, 
immobility, arterial and venous insufficiency, diabetes and adverse effect of corticosteroids. CU affects 
patients globally and poses significant burden on the health-care system. Characterising wound area and 
underlying tissues can be significant predictor for wound healing. Therefore, precise measurement of these 
prognosticators becomes essential in monitoring the healing process of CUs and assessment of therapeutic 
prognosis. Quantitative assessment of CUs can be potential bedside tool that can be employed for combating 
traditional dermatology problems. 

This dissertation presents a non-invasive and automated ulcer periphery detection technique using 
digitally captured images by a hand-held optical camera. The approach involves spectral clustering and gray 
based fuzzy spectral clustering for generating the similarity measure using spatial knowledge of an image. 
Firstly, the illumination in an optical image is made homogeneous using a quadratic approach of color 
constancy. In the next step, spurious regions were delineated by applying the first-order filter locally. The 
filter was chosen based on seven image quality measures. Finally, the best color channel was selected by 
calculating the mean contrast for 26 different color channels of 14 color spaces. It was found that Db channel 
had highest mean contrast, which was subsequently used as working color channel for segmentation. The 
performance of proposed segmentation technique was confirmed by ground-truth images labelled by 
dermatologists. It was found that fuzzy spectral approach was the best for delineating the wound periphery. 
The performance of the proposed method shows its robustness for measurement of ulcer perimeter and 
healing progression. 

Ulcerous tissue composed of granulation, necrotic and slough tissue compositions, which are mainly 
visualized by color. In conventional practice, the dermatologists evaluate various ulcers and their healing 
conditions based on the color differentiation of these aforementioned tissue types. Such visual assessment is 
obviously time consuming and error-prone. In order to quantify the percentage of tissue types present in 
ulcerous region, a computerized automated tissue classification framework has been established in this thesis 
using color as well as texture features of tissue composition. Here, feature set was developed by extracting 
various textural features (19 Gray level concurrence matrix based, 44 Gray Level Run Length Matrix based, 
12 local binary patterns, and a fractal dimension) and 13 color statistics. Three classification techniques viz., 
classification and regression tree (CART), back propagation neural network and random forest were 
considered here. Based on their performance evaluation, random forest was found to be the best model having 
98.94% average accuracy and 97.18% sensitivity. The developed automated tissue classification framework 
will be the value addition to the conventional practice in terms of augmenting the CU assessment accuracy 
more efficiently and providing dermatological screening/monitoring under tele-wound network. 

 
Keywords: Chronic ulcer, digital image processing, pre-processing, spectral based segmentation, supervised 
tissue classification, 
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Fine needle aspiration cytology (FNAC) is one of the most commonly used pathological 
investigations for screening, and diagnosis of breast cancer. The traditional practice of breast FNAC is based 
on subjective assessment. Here, microscopic appearance of the aspirates is visually evaluated on various 
cytological criteria. Therefore, there are many challenges in maintaining consistency, and ensuring 
reproducibility in findings are inevitable. Moreover, there exists overlap between the states of cytological 
criteria in benign and malignant lesions which may lead to an equivocal diagnosis. With reported rates of 6:9 

 20% for equivocal diagnosis against the real gray zone of 2%, there exists enough scope to reduce the rate 
of equivocal diagnosis. 

This thesis presents a system for computer-aided diagnosis (CAD) of breast malignancies by 
analysis of high magnification microscopic images of Hematoxylin and Eosin (H&E) stained breast FNAC 
samples. In this regard, the thesis presents methods of image pre-processing, nuclei segmentation, feature 
extraction, feature ranking, and selection for digital pathology. The thesis first presents findings of the India-
wide questionnaire based survey of Cytopathologists’ opinion, conducted to understand common practices 
and commonly perceived diagnostic significance of cytological criteria. These findings have been used to 
design specifications for imaging and analysis, and define new feature extraction strategies. The thesis then 
presents remedies developed to overcome limitations of the digital pathology imaging setups. Here, three 
image processing techniques are presented- (i) a nonlinear filter design framework termed adaptive weighted-
local-difference order statistics and a local luminance similarity-aware weighted-local-difference median 
filter; (ii) an auto white balance technique that combines the Retinex theory based illuminant estimation with 
the linear model of image correction; (iii) a brightness preserving contrast enhancement scheme with 
balanced contrast enhancement and brightness preservation capabilities. 

The thesis further presents an integrated system of pre-processing and segmentation techniques for 
detection and segmentation of isolated and closely separated nuclei. The segmentation process includes a 
novel pixel transformation step to create a high contrast grayscale representation of the input image using 
stain quantity and color saturation information. Use of the grayscale image provides segmentation process 
the capability to adequately handle tissue elements that mimic the nuclear appearance and to minimize effects 
of non-specific staining of cytoplasm. The segmentation process demonstrates good accuracy achieving F-
score> 0:92 on manually defined ground truth for 213 nuclear regions from the images of multiple cell sample 
slides. 

Finally, the thesis presents nuclear feature extraction strategies mimicking the interpretation of 
cytological criteria by cytopathologists, especially densitometric features that quantify nuclear chromatin 
states. Followed by the results obtained through experimental validation of the features’ usability and data 
sufficiency in the breast cancer diagnosis problem using 37 cells sample slides. These experiments test 
various feature combinations and classifiers, achieving up to 99.39% accuracy using 14 features over 
randomized 1000 fold validation. All the presented methods have been experimentally validated and 
benchmarked against the corresponding state of the art techniques. 

 
Keywords: Breast cancer diagnosis, fine needle aspiration cytology, computer aided diagnosis, image 
analysis, image signal processing, image segmentation, feature selection. 
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POROUS TITANIUM ALLOY THROUGH COAGULANT ASSISTED 
FOAMING - TAILORING OF MICROSTRUCTURE AND HYDROTHERMAL 

BIOACTIVATION TOWARDS OSTEOCHONDRAL HEALING 
 

Kausik Kapat 
Supervisor: Dr. Santanu Dhara 

School of Medical Science and Technology 
Accession No.: NB16076 

 
Titanium alloys are widely used as implants in orthopaedics and dentistry owing to the properties 

like high specific strength, superior corrosion resistance and biocompatibility. However, issues associated 
with modulus mismatch, stress-shielding, osteolysis and aseptic loosening lead to post-implantation failure 
at the tissue material interface. Macroporosity–guided bone ingrowth for morphological fixation and 
bioactive material for direct bone bonding were proposed in 1960s to improve interfacial bonding. In this 
direction, present study makes an effort to bridge the gap between bioactivity and porosity guided bone 
ingrowth and ongrowth by developing multifunctional Ti6Al4V implants for biological fixation.  

Porous Ti6Al4V processing is mostly reported by melt casting and powder metallurgy under 
regulated environment to minimize oxidation. A facile coagulant assisted foaming technique is developed for 
macroporous Ti6Al4V through slurry casting followed by sintering. Herein, metal powder dispersed stable 
slurry was achieved using egg white foam. The samples with 89.3 to 65.2% porosity and 44.6 to 653.8 μm 
pore size distribution were fabricated by varying powder loading from 8.6 to 13.8 g per ml protein foam. The 
sintered foam exhibited interconnected porosity with compressive strength ranging from 2.46 to 65.5 MPa 
owing to variable microstructures.  

Porosity, pore size and pore connectivity have significant role in tissue ingrowth. There have been 
conflicting reports on optimal pore size for osteogenesis and accelerated bone ingrowth. In this study, 
Ti6Al4V foams with three different porosities (68.3, 75.4 and 83.1%) and average pore sizes (92, 178 and 
297 μm) were evaluated for obtaining the highest osteogenic differentiation of mesenchymal stem cells and 
bone ingrowth in rabbit model. Porous Ti6Al4V with 75.4% porosity and 66.3–507.2 μm pore size 
distribution (178.4 ±18 μm average) offered significant bone ingrowth.  

Osseointegration of titanium implants could be improved by nanostructured bioactive surface. A 
method for simultaneous nanostructure with in situ bioactivation through short-term (≤ 2h) hydrothermal 
treatment (200 ºC) using aqueous mixture of sodium tripolyphosphate and calcium hydroxide is further 
reported. Interestingly, wire-like topography similar to that of cicada wings surface exhibited selective 
osteogenic and bactericidal responses. While implanted in rabbit femoral defects, the treated porous Ti6Al4V 
with wire-like nanostructure and hydroxyapatite nanodeposit exhibited 7.1% more bone volume (BV) and 
significantly higher bone penetration than that of the untreated samples as evaluated by Micro-CT image 
analysis.  

Although, treated Ti6Al4V foam has ability to induce rapid bone fracture healing, regeneration of 
hyaline cartilage is usually impaired owing to its avascular nature. To accelerate the process of cartilage 
healing especially in osteochondral region, an extracellular matrix mimicking phosphate/sulfate decorated 
GAGs-agarose hydrogel was developed through functionalization of chitosan. The study revealed that both 
chitosan phosphate and chitosan sulfate embedded gel was able to promote bone as well as cartilage formation 
(BV 53.0% and 48.5%, respectively) as compared to agarose gel (BV 31.7%). Therefore, a combined 
approach involving bioactive porous Ti6Al4V infiltrated with chitosan phosphate/sulfate hydrogel matrix at 
specific tissue-implant interface could be recommended for accelerated osteochondral healing.  

 
Keywords: Osteochondral defects, Ti6Al4V foam, coagulant assisted foaming, in situ hydrothermal 
bioactivation, bactericidal nanowires, quantitative micro-CT, bone ingrowth 
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STUDIES ON THE MANAGEMENT OF DIABETES AND DIABETIC 
WOUNDS AND EVALUATION OF CERTAIN PREDICTIVE VARIABLES IN 

DIABETES DEMENTIA CASES 
 

Nimmy K. Francis 
Supervisors: Dr. Analava Mitra and Prof. Anirban Mitra 

School of Medical Science and Technology 
Accession No.: NB15944 

 
Metabolic syndrome comprising diabetes mellitus is obtaining the distinction of a potential epidemic 

in rural India where majority of the patients are malnourished, posturing substantial healthcare burden. A 
randomized controlled trial, carried out on 120 volunteers of either gender revealed improvement in the 
parameters reflecting insulin sensitivity, indicating the decrement of the insulin resistance with the correction 
of the under-nutrition, thereby preventing the progression into overt diabetes. Apart from lifestyle parameters, 
dietary pattern influenced by religious practices involving unplanned skipping of meal, job requirements and 
financial constraints also plays an important role in development of insulin resistance and metabolic 
abnormalities raising susceptibility to Diabetes. Diabetes and pre-diabetes stages (insulin resistance) are 
associated with increased risk for cognitive decline and with increased rates of brain atrophy which are 
associated with dementia. Web based system that detect dementia in diabetics by a well construct 
questionnaire coupled with computerized system for detecting dementia using MRI report may overcome the 
limitations of the objective assessment proposed accuracy rate of 67%. Diabetes is also associated with by 
impaired wound healing and secondary wound infections attributing to the economy. Semi-quantitative and 
qualitative appraisal of tissue structure and immuno-histochemistry encompassing collagen I and III studies 
done to elucidate therapeutic potential of alcoholic extract of Ocimum sanctum in wound healing in diabetic 
rabbit model conveyed rapid regeneration of damaged epidermis in basil extract treated wound in comparison 
to control, akin to normal skin. Fabricated Iodine crosslinked gut sutures demonstrated promising physico-
mechanical features like suitable tensile strength and knot strength and absence of clinical signs of infection 
in diabetic model supported by wound swab culture. Encouraging primary evidences for swifter wound 
healing requisites further experimental validation for the translation and standardization of the product from 
bench to bedside. 

 
 

THERAPEUTIC IMPLICATION OF IL-6/IL-6 RECEPTOR TARGETING 
AGENT DIACEREIN IN BREAST CARCINOMA 

 
Rashmi Bharti 

Supervisor: Prof. Mahitosh Mandal 
School of Medical Science and Technology 

Accession No.: NB15977 
 

In the previous decades, a huge scientific advancement was noticed for management of breast 
cancer. Recent advancement in radiotherapy, chemotherapy, immunotherapy, targeted therapy and hormonal 
therapy move towards the hope of cancer treatment. But, there are many clinical hurdles still standing as 
barrier for effective cancer therapy. Development of novel cancer therapeutic molecule without having 
adverse effect is exciting area of cancer research. However, validation and establishment of cancer 
therapeutic molecule from already clinically approved drugs are smart strategy for drug development 
reducing the time of R&D. In our study, we screened a number of clinically approved drugs (Indicated for 
other pathological condition) to investigate the anti-cancer action. Interestingly, we found a molecule, 
Diacerein (anti-arthritis drug) having potential anti-cancer efficacy and thoroughly investigated the 
mechanistic study in breast cancer model.  
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Interleukin-6 (IL-6) is the pro-inflammatory cytokine that fuels cancer development, apoptosis 
inhibition, progression, angiogenesis, cancer stem cell formation and chemoresistance via activating a series 
of downstream proteins. Diacerein was found to inhibit cancer development and induce apoptotic induction 
in breast cancer via inhibiting IL-6/IL-6R signaling pathway. Detail investigation showed that Diacerein 
interfered the expression of apoptosis regulatory proteins and downstream of IL-6/IL-6R pathway including 
STAT-3, Akt and MAPK pathways. Diacerein also inhibited in vivo tumor growth in mice xenograft model. 
Hypoxic environment of tumor leads to angiogenic drive inside the tumor mass. Diacerein was found to 
interfere hypoxic angiogenesis via modulating IL-6/IL-6R/MAO A/HIF-1α signaling axis. As IL-6 has a 
critical role in stem cell formation, we studied the stemness character and the role of IL-6 in taxol resistant 
breast cancer cells. Further Diacerein treatment caused inhibition of resistant cells via modulating IL-6 
pathway and stemness properties of resistant cells.  

Diacerein have several toxicological impacts. To overcome these problems, we fabricated a nano-
liposomal formulation of Diacerein. Somatostatin receptor 2 (SSTR2) is highly expressed in many cancer 
including breast cancer. Utilizing this knowledge, the liposome was further conjugated with a synthetic 
peptide ligand, somatostatin analogue (SST) for effective targeting of nano-complex to the tumor site. In 
conclusion, this study validated Diacerein as potential therapeutic agent in breast cancer.  

 
Keywords: Cancer, Breast cancer, Diacerein, IL-6, IL-6R, Apoptosis, Hypoxia, Angiogenesis, Mao A, 
Chemoresistance, Cancer stem cell, Liposome and SSTR2. 
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Vision is an integral part of human sensory network and retinal pathologies can lead to irreversible 
vision loss. In early precise diagnosis of such pathologies, noninvasive methods like optical coherence 
tomography (OCT) is employed to study disease progression in retina. Automated retinal screening by OCT 
imaging is augmented through machine learning based image analysis blocks (IAB). However, such IAB 
suffers with limitations in analyzing OCT images having artifacts, poor signal-to-noise ratio and structural 
deformation in different retinal pathologies. Recent advances in learning representations (LR) including 
structures can address such medical image analysis problem appropriately through transforming information 
to engineering knowledge. Present work addresses various aspects of IAB for retinal image analysis in 
segmenting retinal layers, classifying retinal pathologies, quantifying multiple pathologies through data-
driven descriptors and restoring sparsely sampled images. Improvement of individual block in IAB is 
achieved independently through learning representations in various spaces (input, feature and target) and 
associating each representation-space combination with functionality of an IAB block. This is achieved 
through equipping structured random forests with the capability of predicting layer-specific edges for 
segmentation. Guiding Fuzzy C-Means to model manifolds rather boundaries between classes for 
classification. Transfer learning feature quantifiers for effective quantification of pathologies. Finally, image 
restoration is performed by inducing low-rank filters in deep learning architectures. The efficacy of LR is 
validated by considering Duke’s retinal OCT benchmark datasets. The retinal layers of pathological subjects 
are delineated with an average F-score of 0.86 and 0.85 in comparison to experts’ annotations. Feature space 
representation modeling and data driven feature quantifiers based approaches have elucidated retinal 
pathologies with a decision pooling accuracy of 0.94 and 0.91 with only subject level labels. The restoration 
block had recovered sparsely sampled (50%) retinal images with 28.15 peak signal to noise ratio with fewer 
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parameters. The classification and restoration blocks augments remote clinics through identification of 
pathological subjects and reducing the data to be transferred to main clinics. Hence the present study depicts 
the efficacy of improved retinal layer delineation, classification and feature quantification of pathologies in 
addition to restoration of sparsely sampled OCT images. The future scope involves fusion of data-driven 
feature descriptors and guided Fuzzy C-Means for end-to-end training of retinal image analysis framework. 

 
Keywords: Optical coherence tomography, retinal image analysis, machine learning, knowledge 
representation, fuzzy membership, diabetic macular edema, age-related macular degeneration. 
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Monolayers and few layers of two dimensional layered materials, particularly transition metal 
dichalcogenides (TMDs) (e.g. MoS2, WS2, WSe2 etc.), have recently gained popularity due to their exciting 
electrical, mechanical and optical properties.Among these, WS2 has not been much explored so far; even 
though recent research shows it can be a promising candidate for various applications such as batteries, 
supercapacitors, gas sensors etc.However, to date most studies of layered 2D materials have been based on 
materials produced by mechanical cleaving which is a serendipitous method, thus its throughput is seriously 
limited. For commercialization, scalable, low-cost, high-yield production of active channels and 
compatibility with conventional semiconductor fabrication processes are essential.In this work mono/few 
layer of WS2 nanosheets was synthesized using liquid exfoliation techniques. Precisely three synthesis 
techniques were developed; (i) a green synthesis route was utilized for WS2 exfoliation in water which is 
considered as universal solvent. Pre-freezing and subsequent quenching results in few-layered thick WS2 
nanosheets (ii) WS2 was exfoliated by using mixture of polar protic and polar aprotic solvents and (iii) WS2 
was also exfoliated by simple ultrasonication in acetone/alcohol blend. The nanosheets obtained by these 
routes werefound to be stablefor months (i.e. no precipitation observed). These nanosheets were further 
utilized in gas sensing. It is known that humidity measurement remains a challenging area of research due to 
its application in agricultural, biological, and industrial application. Most of the present humidity sensors are 
capacitive in nature whose structure is complex and suffers from long term reliability. Transition metal 
dichalcogenides such as VS2, and MoS2 have shown excellent response in humidity sensing at room 
temperature which was the motivation behind using WS2 nanosheets in humidity sensing. Further, the 
performance of WS2 based humidity sensors were enhanced by utilizing nanohybrids with TMDs like WSe2 
and organic 2D materials like graphene oxides.  

The ammonia sensing properties of these nanosheets were also studied by developing chemiresistive 
sensors. Since, the intrinsic n-type behaviour of WS2 suggests that the conductivity of the material could be 
modulated in presence of reducing or oxidising gases. However, these sensors are challenged by current 
ammonia sensors in the market, majority of which are electrochemical sensors. These sensors are bulky and 
not compatible with silicon technology. Metal oxide ammonia sensors are resistive but their high operating 
temperature (300-500 ) remains constraint. However, the performance enhancement of WS2 nanosheets 
based sensors was necessary due to their low response. Nanocomposite and nanohybrids formation is one of 
the approaches to enhance its properties due to their synergistic behaviour. Nanocomposite of PANI/ WS2 
was utilized for ammonia sensing which was found to be highly selective towards ammonia at room 
temperature. Nanocomposites of WS2 with noble metal nanoparticles were also investigated and they were 



Abstracts	of	Ph.D.	Theses	 2017‐18
 

Central	Library 249
 

found to be stable at room temperature. Nanohybrids of WS2 with metal oxide i.e. WO3 have shown high 
excellent ammonia sensing at high temperature (250 ).  

The extensive research carried in this work suggests that bulk WS2 can be easily exfoliated into 
nanosheets by liquid exfoliation which is really inexpensive. Further, simple chemiresistive gas sensors could 
be fabricated with these materials (and their nanocomposites and nanohybrids) which are economical though 
reliable.  

 
Keywords: Tungsten Sulfide, exfoliation, nanocomposites, nanohybrids, humidity sensors, ammonia sensors 
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Considering the growing water scarcity and ever-increasing demand for groundwater in India, the 

present study was conceived to carry out comprehensive and integrated investigation of groundwater in 
Tiruchirappalli district of Tamil Nadu, South India. This study focuses on the trend analysis of rainfall, 
groundwater-level and groundwater-quality time series, geospatial modeling for groundwater potential 
estimation, in-depth groundwater-quality evaluation including geostatistical modeling, assessment of aquifer 
vulnerability and risk to contamination, and the optimization of groundwater-quality monitoring network.  

The long-term trend analysis of rainfall and groundwater level revealed an increasing trend in the 
northern part of the study area at the rate of 0.7–5 mm/year and 0.007–0.2 m/year, respectively. On the other 
hand, the rainfall and groundwater level have a decreasing trend (3–11 mm/year and 0.01–0.7 m/year, 
respectively) in the southern part of the study area. Almost all the groundwater-quality parameters (except 
Calcium) have an increasing trend in some part or other, with Calcium showing a decreasing trend (0.7–4 
mg/L per year) in most parts of the study area. The ‘Innovative Trend Test’ was found more sensitive and 
robust than the conventional Mann-Kendall and Linear Regression tests for analyzing trend. For identifying 
groundwater prospect zones, the performance of the Analytic Hierarchy Process (AHP) technique was found 
much superior (prediction accuracy = 87%) compared to the Catastrophe and Entropy techniques. Based on 
the groundwater potential map yielded by the AHP technique, ‘Very good’ and ‘Good’ groundwater prospect 
zones cover about 35% of the study area, while the ‘Moderate’ zone covers about 31%, and the ‘Poor’ and 
‘Very poor’ zones together occupies 34% of the study area. The results of geostatistical modeling revealed 
that the ‘Simple’ kriging along with ‘Spherical’ Semi-variogram model is the best for mapping the spatial 
distribution of groundwater quality over the study area. The groundwater quality of the unconfined aquifer is 
relatively ‘Low’ in the eastern and southern portions of the study area. The AHP method of groundwater-
quality index (GWQI) was found more accurate than the commonly used method of GWQI. Moreover, the 
modified DRASTIC-P model (called “DRASTIC-P-LDLU”) model has the highest accuracy in predicting 
aquifer vulnerability. The assessment of risk to groundwater contamination revealed that ‘Intermediate’ (45% 
of the area), ‘Major’ (37%), ‘Catastrophic’ (10%) and ‘Minor’ (8%) risk zones in the study area. The network 
of 66 observation wells is adequate and cost-effective for the efficient monitoring of groundwater quality in 
the study area. Finally, it is concluded that the scientific framework for the integrated assessment of 
groundwater quantity and quality demonstrated in this study can be replicated to other parts of Indian 
subcontinent as well as to other regions of the world.  
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Hard-rock aquifer systems. 
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The present study aims at assessing groundwater scenarios at different scales. Three different scales 
(basin, regional and local) were considered for assessment of groundwater variation. Basin scale study was 
carried out at Indo-Gangetic basin. Space-time cokriging was carried out using GRACE (Gravity Recovery 
And Climate Experiment; spatial resolution : 1° × 1°) and TRMM (Tropical Rainfall Measuring Mission; 
spatial resolution: 0.25° × 0.25°) data as secondary variables for generating groundwater scenario at basin 
scale (0.25° × 0.25°). Scenarios were predicted for pre-monsoon 2005 and 2008. However, post-monsoon 
study produced inferior quality results. Regional scale study at GRACE pixel level (1° × 1°) was undertaken 
to capture the temporal (including seasonal) variation at individual well level. GRACE, precipitation (1° × 
1°) and soil moisture (0.5° × 0.5°) data were utilized as predictor variables. Predictor variables at different 
monthly lags (zero to 3-months’ lag) were correlated to groundwater level data at individual wells. Three 
machine learning techniques - Support Vector Regression (SVR), Random Forest Method (RFM) and 
Gradient Boosting Mechanism (GBM) were used in the temporal analysis. SVR models outperformed other 
models for most of the cases. Temporal prediction was also carried out for wells at local scale, i.e., wells 
within a city (Kanpur city) within one GRACE pixel. Efficacy of remotely-sensed data was evident from the 
results obtained at both regional and local scales. Groundwater level variation alone cannot ascertain the 
groundwater potential/vulnerability zones. Therefore potential zone and vulnerability zone identification 
studies were taken up at local scale (Kanpur city). Potential zone identification considered both quantitative 
and qualitative aspects. Land Use/Land Cover (LULC), soil, geology, recharge rate, drainage density, rainfall, 
slope, elevation, normalized difference vegetation index (NDVI), depth to groundwater table were considered 
as quantitative influencing features and alkalinity, total dissolved solids, magnesium and fluoride were taken 
as qualitative influencing features. Groundwater Potential Index (GWPI) and Water Quality Index (WQI) 
maps were prepared using AHP (Analytic Hierarchy Process). The maps were used together to identify 
potential zones. Sensitivity analysis of the influencing features was conducted to identify most sensitive 
features in potential zone mapping. DRASTIC (Depth to water table, Recharge rate, Aquifer media, 

Soil media, Topography, Impact of vadose zone and hydraulic Conductivity) was used for 
vulnerability zone assessment in the city. DRASTIC weights required modification to consider variations at 
local scale. Entropy information method, Fuzzy pattern recognition method and Single parameter sensitivity 
analysis were used to modify DRASTIC weights. Effectiveness of the weight modification methods were 
judged by conducting grey incidence analysis between DRASTIC outputs and water quality parameters, (i.e., 
alkalinity, TDS and magnesium). The method which got the highest incidence value was considered as the 
most effective method in assessing vulnerable zones within the city. The present Thesis developed a 
methodology which used space-time geostatistics with satellite-derived data to assess groundwater variation 
scenario in a data scarce basin. Machine-learning techniques were used to identify the efficacy of GRACE 
data at sub-basin scale. Unique attempt to identify groundwater potential zones based on both quality and 
quantity aspects was made. Grey incidence analysis was used for effectiveness evaluation of subjective and 
objective weighting DRASTIC methods. The present study developed different generic methodologies which 
can be used a priori taking up any specific groundwater research. 
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Real-time monitoring of at-site water quality parameters and their spatiotemporal transports in 

ungauged rivers, characterized by unsteady flows, is essential for riverine water quality management. 
However, the available unsteady solute transport models have limited use in coarse-scale ungauged river 
applications due to their numerical complexity, difficulty in unifying both the flow and solute transports 
owing to separate numerical schemes in solving these two mechanisms, and numerical stability problem in 
the solution schemes. Among the existing simplified and physically-based flow transport models, the 
Variable Parameter McCarthy–Muskingum (VPMM) model has the ability to be used in ungauged river 
system. Conversely, this model ignores the floodplain flows, catchment dynamics of spatiotemporally 
distributed lateral flow generation and its contribution along the river reach. Further, the conventional 
laboratory and digital in-situ methods are not always feasible for real-time monitoring of pollutants. Hence, 
a numerical-error free integrated flow and solute transport modeling framework was developed herein for 
real-time monitoring of heavy metal pollution in ungauged rivers using the satellite-based remote sensing 
(RS) data products, which could be applicable under both the steady and unsteady flow conditions.  

To achieve this objective, this study i) revised the VPMM model for floodplain flows accounting 
for spatiotemporal variability of lateral flows; ii) developed three variants of physically-based coupled 
VPMM-AD (Advection-Dispersion) models suitable for meso-scale flow and solute transports, and tested 
their performances with the benchmark MIKE11-AD model; iii) developed the Spatial and Temporal 
Adaptive Reflectance Fusion Model (STARFM)-based spectral algorithms using satellite-based Landsat and 
Moderate Resolution Imaging Spectroradiometer (MODIS) imageries for at-site real-time heavy metal 
pollution mapping at 30-m×1-day resolutions during cloud-free days; and iv) advocated an integrated 
VPMM-AD(ΨDc)-RS approach for real-time monitoring of non-reactive river pollutants during cloudy 
periods. The developed approaches were evaluated using the numerical experiments, published laboratory 
and river-reach scale flow and tracer datasets, and observed flow and pollutant datasets of the Brahmani River 
in eastern India. The results revealed that the developed VPMM-AD(ΨDc)-RS approach has a greater and 
consistent field-applicability in modeling the transport dynamics of flow rate, flow depth and concentrations 
of the conservative solutes in ungauged rivers than the popular MIKE11-AD model.  

 
Keywords: Flow, Heavy metal, Remote sensing, Routing, Solute transport, Ungauged, VPMM-AD 
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A  sustainable  R&D  profile  and  financial  self-reliance  are  the  two  major  challenges  that most  of  

the research  organizations  are  facing  today.  The  public  funded  research organizations in India 
include national level research laboratories that are set up and financially supported by the government 
In today's  globalized world, "knowledge" has become public and hence competition has taken a leap and 
has led to change the decision on the extent of funding is towards "Performance" driven. Therefore, it is wise 
and crucial to  ask   questions  like  which  are  the  drivers  of  performance  and  how  they  affect 
performance  within the purview of such research organizations? As the responsibility of generating R&D 
outputs and satisfying the stakeholders stands on the shoulders of the researchers, their overall support 
and high productivity is mandatory. Every individual has their own preferred area of research and outputs 
to be generated. Hence, any R&D organization willing to   attain self-sustainability must establish a bridge 
between organizational and individual  aspirations. Hence, the present study aims to find out the answers 
of obvious questions of  these organizations like: What are the preferred R&D outputs   of   its   
researchers?   What   are   important   individual,   organizational   and environmental factors determinants 
influencing the productivity of  researchers? How should a balance between preferences  of  researchers 
and organizational mandates be made? How can R&D involvement of researchers be enhanced? What is 
the proportion of non-R&D jobs? Firstly, the study tries to  find out most preferred R&D outputs and most 
important influencing factors of productivity  in  the eyes of researchers. Afterwards, the study tries to 
identify significant factors that are actually influencing the real productivity of researchers. This study 
also tries to find out  the  measures of achieving optimum manpower involvement in R&D and most  
time-intensive  non-R&D jobs.  This has been followed  by  the  validation  of  the  conceptual  models.  
Finally,  a  comparison  of  the preferred  and  significant  set  of  results  has  been   made.  Further,  the  
comparative performance of R&D laboratories has been studied in the current context, with respect to the 
real influencing factors and the preferred R&D outputs in  the  form  of  publications, patents, technologies 
developed & transferred and awards.   

 
Keywords:  Public  funded  R&D,  Self-sustainability,  Man-days  Involvement,  Productivity  Factors, 
Productivity Determinants, R&D Productivity Model.  
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The association between financial development, foreign direct investment, and economic growth 
has received substantial attention in the finance literature. While the research specifies that there are 
associations between these variables, majority of the research focuses either on the impact of financial 
development or of foreign direct investment on economic growth. This study focuses on the causal nexus 
between financial development, foreign direct investment, and economic growth across the G-20 countries, 
namely Argentina, Australia, Brazil, Canada, China, France, Germany, India, Indonesia, Italy, Japan, the 
Korean Republic, Mexico, the Russian Federation, Saudi Arabia, South Africa, Turkey, the United Kingdom, 
and the United States over the period 1961-2015. Specifically, the study deploys dynamic panel data 
modelling to examine the determinants of both financial development and foreign direct investment in the 
selected countries. The Granger causality test is subsequently applied for studying the causal nexus between 
financial development, foreign direct investment, and economic growth. The empirical analysis finds that 
there exists disparity in financial development, foreign direct investment, and economic growth in these 
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countries. The Granger causality test shows that both financial development and foreign direct investment 
have substantial impact on economic growth. It also shows that both financial development and foreign direct 
investment Granger cause each other. It is, therefore, necessary to have sufficient financial development and 
foreign direct investment and their integration in these G-20 countries for achieving higher economic growth. 
The insufficiency of these two brings in different policy implications for these countries.  

 
Keywords: Financial development, Foreign Direct Investment, Economic Growth, Granger Causality, G-20 
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The purpose of this research is to address the emerging practice of sustainable supply chain 
management (SSCM) and examine the role of various critical factors in implementing the SSCM practices 
in organizations. A model is presented on the relationship among external pressures, organizational internal 
environment and sustainable supply chain management practices and how each one of them influence in 
delivering organizational sustainability performances. The model has been tested using interpretive structural 
modeling (ISM), exploratory factor analysis (EFA) and finally structural equation modeling (SEM), based 
on survey data collected from 145 practicing supply chain managers from India’s steel sector. Results support 
the causal linkages between external pressures and organizational internal environment, between 
organizational internal environment and SSCM practices and between SSCM practices and organizational 
sustainability performances. However, the causal linkage between external pressures and sustainability 
performance is not confirmed. Managers need to understand these implications and accordingly put right 
focus in creating favorable internal environment and wholeheartedly implement the new SSCM practices. As 
the model depicts, SSCM initiatives lead to planned actions in decreasing energy and material costs, thereby 
contributing to cost reduction and profitability of the organization. The findings of this study contribute to 
the theory and past research by suggesting that implementation of SSCM practices can improve the 
organization’s economic, environmental and social performances. The study can provide useful insights for 
those involved in implementation of SSCM practices in their organization.  

 
Keywords: Sustainable Supply Chain Management, Critical Success Factors, Interpretive Structural 
Modeling, Structural Equation Modeling. 
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The association between energy consumption, financial development, and economic growth has 
received considerable attention in the development literature. While the research specifies that there are 
associations between these variables, a majority of the research mostly focuses on the impact of either energy 
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consumption on economic growth or financial development on economic growth. This study focuses on the 
causal nexus between energy consumption, financial development, and economic growth across the 35 
Financial Action Task Force (FATF) countries, namely Argentina, Australia, Austria, Belgium, Brazil, 
Canada, China, Denmark, Finland, France, Germany, Greece, Hong Kong, Iceland, India, Ireland, Italy, 
Japan, Republic of Korea, Luxembourg, Malaysia, Mexico, Netherlands, New Zealand, Norway, Portugal, 
Russian Federation, Singapore, South Africa, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and 
the United States over the period 1961-2015. Specifically, the study first deploys dynamic panel data 
modelling to examine the determinants of both energy consumption and financial development in the selected 
countries. The Granger causality test is subsequently applied for studying the causal nexus between energy 
consumption, financial development, and economic growth. The empirical analysis finds that there exists 
disparity in energy consumption, financial development, and economic growth in these countries. The 
Granger causality test shows that both energy consumption and financial development have substantial 
impact on economic growth. It also shows that both energy consumption and financial development Granger 
cause each other. It is, therefore, necessary to have ample energy consumption and financial development 
and their integration in these FATF countries for achieving higher economic growth. The insufficiency of 
these two brings in different policy implications for these countries.  

 
Keywords: Energy consumption, financial development, economic growth, Granger causality, FATF 
countries 
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After Karl Marx (1844) postulated that ‘economics’ formed the underlying structure while ‘religion’ 

(like other societal institutions) formed the superstructure, and the two were, in fact, “inseparable”; it was 
Max Weber who first talked about the impact of religion on economics in his 1904-05 seminal work. 
However, despite the theory put forth by Marx and Weber, it wasn’t until 1949 when the first article 
speculated that religion may have something to offer business made its appearance in the Harvard Business 
Review. However, it would still take 26 years before the first empirical study is published by Engel in 1976. 
Since then, marketers have started studying the impact of religion on marketing, but it is important to note 
that this research still remains limited. A major cause for this has been attributed to the sensitive nature of 
religion, which still remains a taboo topic. Furthermore, most studies have focused on Judeo-Christian 
religions and have been carried out in the West. Only Lindridge in 2005 studied the shopping styles of British 
Indians vis-à-vis Asian Indians and British Whites. However, it is important to note that the focus of the 
Lindridge (2005) study was British Indians. Hence, Indians in India as a consumer group have been ignored 
so far and not a single study has been carried out to assess the role religion and religiosity plays while shaping 
consumer behavior of Indians living in India. 

This study aims to address this gap and examine the impact of religious affiliation and religious 
commitment on consumer decision-making styles amongst middle-class urban Gen-Y consumers in Delhi. 
Furthermore, the study aimed to assess and compare if these influences were shaped by the gender of the 
Gen-Y consumer. 

The findings revealed that the impact of religion on shopping orientations differed by gender. Five 
shopping orientation factors, namely brand consciousness, novelty and fashion consciousness, confusion by 
overchoice, brand loyalty, and recreational and shopping consciousness were related to religious affiliation. 
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However, only four shopping orientations, namely quality consciousness, brand consciousness, novelty/ 
fashion consciousness, and confusion by overchoice were found to be related to religious commitment. 
However, for the combined impact exerted by religious affiliation and religious commitment in shaping 
consumer decision-making styles, only one shopping orientation was supported: novelty and fashion 
consciousness. The quantitative study was backed by a qualitative study, which revealed a general consensus 
that religion would impact shopping styles and revealed several interesting insights. 

 
Keywords: Religion, Religious Affiliation, Religious Commitment, Consumer Behavior, Shopping Styles 
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With the recent announcement of National Mineral Exploration Policy 2016, National Steel Policy 
2017 and targets for coal production, Indian mineral industry is poised to meet the increasing demands for 
infrastructure, energy and steel sector that will propel the nation’s economy. Globally, the mining sector is 
faced with high staff turnover. Similar shortage has been reported in the Indian mineral mining sector. Thus, 
there is a need for attracting and retaining mining professionals in the Indian mineral industry.  

This research aims to identify factors and their dimensions which influence retention of mining 
professional in India. A combination of qualitative and quantitative methods is used apart from an Interpretive 
Ranking Process by experts. The qualitative method is based on interviews and narratives with top 
management executives, which helped identify the factors affecting the retention through a categorization 
matrix as well by NVivo software. These are Job conditions, Role effectiveness, Organizational commitment 
and Perceived retention practices leading to turnover intentions. Based on this, a questionnaire based 
quantitative survey was administered on 382 mining professionals initially. Of this only 257 responded and 
finally 150 responses were analyzed. The initial questionnaire with 117 items was scaled down to 81 items, 
after statistical validity.  

The research hypotheses are based on interplay among different factors that influence retention. The 
quantitative data from respondents of the questionnaire are analyzed through PLS-SEM, through a 
measurement model and later by a structural model. Based on further path-analysis, the path coefficient 
values were tested to validate hypotheses. The final results indicate indirect relationship between job 
conditions and intent to stay, through the influence of role effectiveness, organizational commitment and 
perceived retention practices, although direct relationship between job conditions and intent to stay, as well 
as between job conditions and organizational commitment were not significant. The results of Interpretive 
ranking process indicate the importance of Job conditions-Psychological, Role congruence, Affective 
commitment and Perceived HR practices as predominant dimensions for retention. Further analysis of 
qualitative inputs brings out recommendations for improving the retention by Mining companies, industry 
and government.  

 
Keywords: job conditions, role effectiveness, organizational commitment, perceived retention practices, 
intention to stay. 
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Earnings management (EM henceforth) has been a prominent field of research in accounting. 
Managers manage earnings by manipulating discretionary accruals and/or manipulating by real/operational 
activities. This thesis focuses on four dimensions i.e., detection, factors influencing EM with reference to 
firm specific parameters, managerial preference in EM decision and implication of EM in Indian context. 

In detection, the study discusses two dimensions (i) Detection of EM using existing theoretical 
models covering both accrual-based earnings management (AM) and real earnings management (RM) and, 
(ii) detection of data anomalies using Benford’s Law. Modified Jones (1995) model and Roychowdhury 
model (2006) are used for measuring AM and RM, respectively. The study finds that Indian companies 
indulge in both AM and RM. To corroborate that Indian companies indulge in EM, Benford’s Law has been 
tested for detection of anomalies of financial statement items. In Benford’s Law, analysis involving first digit, 
second digit and first two-digit have been considered for this study. With reference to firm specific 
parameters, such as firm’s size, growth opportunities, financial leverage, performance, accounting flexibility, 
institutional ownership, dividend payout ratio, board size, age, absolute accruals, audit quality and business 
group affiliation have been considered for studying the impact on AM and RM using panel fixed effect model. 
The study finds that firms’ growth opportunity, financial leverage, performance, institutional ownership, 
business group affiliation and age influence both AM and RM. With respect to managerial preference, the 
study explores whether Indian companies choose substitute relationship over complementary relationship 
between AM and RM. To examine the relationship between AM and RM, two-stage-least square regressions 
(2 SLS) method is used. The result shows that Indian companies undertake both AM and RM and supports 
complementary relationship. In implication of EM, the study examines relationship between earnings 
management and stock price synchronicity using panel fixed effect model. Using earnings management as a 
proxy for firm specific information, the study finds that stock price is more synchronised towards market, 
and less synchronised towards firm specific information. 

 
JEL classification: M40, M41, G19, G38 
 

Keywords: Earnings Management, accrual-based earnings management, real earnings management, 
substitute relationship, complementary relationship, stock price synchronicity. 
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In the era of globalization, markets are becoming extremely competitive with business organizations 

fighting hard to sustain profitability. Whether representing big multinational companies and brands or local 
small businesses and lesser known brands, marketers dream of having a sound base of loyal customers. Given 
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the scenario, it is natural that marketers would want to explore new and virgin markets, which are not fully 
tapped, and which hold ample opportunities for growth. The Indian rural market accounts for roughly 12% 
global population, and offers plethora of business opportunities with challenges. However, in spite of the 
huge opportunity that the rural market affords, it has not been decoded in the true sense, and has not been 
explored to its potential. Further, rural markets and rural marketing as a subject of study among researchers, 
academicians and practitioners, is at a nascent stage. Rural markets are unique and not like urban markets, 
wherein the rural customer appears to be much different from their urban counterparts. Their cognitive 
processes, the behavioural patterns, and the socio-economic, as well as the socio-cultural conditions, are 
different, and dynamic in nature. An understanding of the impact of the key psychographic and sociographic 
factors influencing the brand loyalty of rural customers is the key to gaining insights into the decision making 
and buying behaviour of rural customers. This study has been conducted with this objective, and has been 
carried out in two phases. The first phase of research is performed mainly through a qualitative methodology 
where aspirations of rural customers and views of practicing managers and customers on rural markets and 
rural marketing are delineated. The second phase of the study is performed predominantly through 
quantitative methodology. Three independent scales for psychographics, sociographics and brand loyalty 
have been developed through a systematic scale development process. The key psychographic and 
sociographic factors have been identified, and their impact on brand loyalty has been explored. The impact 
of select psychographic and sociographic factors has also been explored both individually and cumulatively. 
The findings of the study have managerial and academic implications, and contribute significantly to the body 
research.  

 
Keywords: Rural Market, Psychographics, Sociographics, Brand Loyalty 
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