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INDIAN INSTITUTE OF TECHNOLOGY, KHARAGPUR 

Date: _-_-12 FN/AN Time: 3 Hrs 
No. of Students: 82 

Full Marks: 100 Deptt. Computer Sc. & Engg. 
End Autumn Semester Examination, 2012-13 
Subject Name: Image Processing Subject No: CS40019 

3rd /4th Year B.Tech. (H) 

Instructions: • All questions carry equal marks. Attempt any fu!.;. questions. Marks for every question 
(or part thereof) are shown in []. 

1. 

2. 

• Use the attached drawing stencil page where needed for figures. Tear the stencil, 

write your name & roll number and tie with your answer script. 

a. Given a 7-symbol source {a, b, c, d, e, f, g} with source probabilities {0.10, 0.20, 
0.15, 0.25, 0.05, 0.15, 0.1 }, design a Huffman code for the source. What is the 
redundancy of your code? [5+3] 

b. Given a four-symbol source {a, b, c, d} with source probabilities {0.1, 0.2, 0.3, 0.4}, 
arithmetically encode the sequence bbaddc. [5] 

c. Use the LZW coding algorithm to encode the 7-bit ASCII string 
"ababbabbbabbababbb". Take the ASCII code of 'a' and 'b' as 97 & 98 respectively 
and assume that at the beginning the LZW dictionary is filled with the ASCII codes 
of 'a' through 'z'. [7] 

a. Outline the sources of redundancy in a still image and in a video. Briefly discuss how 
these are exploited in image compression with specific references to lossy methods. 
[2+3] 

b. Explain the working of JPEG Encoder and Decoder (Codec) with suitable diagrams. 
[5] 

c. Briefly discuss the roles of !-frames, B-frames and P-frames in MPEG-1 coding for 
videos. [5] 

d. What is image watermarking? Explain a codec for invisibly watermarking an image. 
Discuss the robustness of your codec. [ 4+ 1] 

3. Let A denote the set shown shaded in the following figure. Refer to the structuring elements 
Bi's shown below (assume the origin at the center of SE in each case). Sketch the result of 
the following morphological operations: 

a. (A9B1)EaB 3 [6] 
b. (A@ B1 ) E9 B3 [6] 
c. (A@B 3)9B2 [8] 
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a. Consider the thresholding problem for an image with ·bimodal histogram. Given that 
the probability distributions of the background (b) and object ( o) pixels are Gaussian 

(means Jlb, J10 , and variances (}~, (JJ) and the probability of background and object 
pixels Pb and P0 respectively, the optimal threshold is given by 

Jlb + Jlo (}
2 (Po) T= + In-

2 Jlb - Jlo 1\ 
where (jb = (}0 =(f. Explain why the above expression is an optimal threshold and 
physically justify the two terms of the expression. [4+3] 

b. For Otsu's Global Thresholding algorithm (for a single threshold and two classes) 
prove that cra

2 = crb
2 + crw

2 where % 2 is the between-class variance, crw 
2 is the within

class variance and cra
2 is the global variance. [7] 

c. Using (b) derive recursive expressions for estimates of class probabilities and class 
means to present a computationally efficient Otsu's algorithm. [6] 

5. Refer to the figures where (a) is the input image. Other images ((b) through (f)) show the 
results from different stages of a feature detection algorithm run on the image and the state of 
some critical data structure/s used in the algorithm. 

Describe every stage of the algorithm I data structure from the output with explanations for 
the processing performed at the stage. Try to be as specific and objective as you can. [ 4*5] 
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6. This problem uses the notations for Segmentation using Watershed Morphology: 

g(x,y) Image under consideration 
n Index of the flooding stage 
T[n] Set of coordinates of points in g(x,y) lying below the plane g(x,y) = n 

Mi Set of coordinates of points in the i-th regional minima 
C(Mi) Set of coordinates of points in the catchment basin associated with the 

regional minima Mi 
Cn(Mi) Set of coordinates of points in the catchment basin associated with the 

regional minima Mi at stage n of flooding: Cn(Mi) = C(Mi) n T[n] 

a. Show that the elements of Cn(Mi) and T[n] are never replaced during execution of the 
watershed segmentation algorithm. [5] 

b. Show that the number of elements in sets Cn(Mi) and T[n] either increases or remains 
the same as n increases. [5] 

c. Give a step-by-step implementation of the dam-building procedure for the 1-D 
intensity cross-section shown below. Illustrate the cross-section at each step, showing 
"water" levels and dams constructed. [10] 

Use the attached stencil for drawing the iterations. 
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Figures for Question 5 
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Drawing Stencil [CS40019: Image Processing] 

Instructions: 
Figures in this page are needed to solve Q6. Please tear this page from the question paper and tie with 
your answer script. Do not forget to write your name and roll number. 

Name: Roll No: 

Q6 (c). Illustrate the rising of the water level and the construction of dam for iterations of watershed. 

1. 2. 

3. 4. 

5. 6. 

7. 8. 

9. 10. 

11. 12. 
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