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Answer Q.1 and any three from the rest. 

1. Answer the following questions: 5 X 8 

(a) How hue and saturation of a color pixel is represented using the CIE chromaticity 
chart? How one can determine the maximum saturation of a color pixel (keeping 
its hue constant)? 4+4 

(b) Define the spatial rank order matrix of a sequence of length N. How one can get 
the rank ordered sequence from a spatial ordered sequence. Provide the functional 
form to express a spatial-rank ordered selection filter. 2+3+3 

(c) Provide the relationship between a scene point in 3-D and its corresponding image 
point in the pixel coordinate of an optical camera. Given a pair of point corre
spondences in the image planes of two calibrated cameras, how 3-D coordinate of 
the corresponding scene point could be computed? 

(d) Define type-II discrete cosine transform (DCT) of a finite length sequence. Show 
that the type-II DCT is antiperiodic. What is the strict periodicity of the trans
formed sequence? 2+5+1 

(e) Define Discrete Fourier Transform (DFT), Odd Time Discrete Fourier Transform 
(OTDFT) and Odd Frequency Discrete Fourier Transform (OFDFT). Explain how 
OFDFT of a sequence could be computed using DFT. 6+2 

2. (a) Compute weighted median of the following input data (refer Table 1). In the table 
each column represents the sample value and its corresponding weight. 10 

data (xi) 
weight (wi) 

(b) Let {xi, i = 1, 2, ... , N} denote a sequence of real numbers, where N is odd. Let 
X(j) denote the jth ranked sample in the sequence in ascending order. Define the 
rank conditioned median (RCM) filter using above notation for replacing the cen
tral sample x N+1- Explain how median, max (maximum of the set), min (minimum 

2 

of the set) and all pass (no change in the output) become special cases of RCM. 
4+6 



3. Consider the problem of separating foreground object in an image from its background. 
Assuming there is a single object in the image, define the Gaussian Mixture Model 
(GMM) for the probability of a pixel value. Describe an algorithm for the above com
putation following the expectation-maximization (EM) approach. Explain how you can 
apply the same method for segmenting a moving object from its stationary background. 
5+10+5 

4. (a) Consider two finite length input sequences as shown in Table 2. Note that the 
lengths of x(n) and y(n) are 4 and 5, respectively. Compute the symmetric convo
lution of x(n) and y(n) through their HSHS and WSWS symmetric extensions 
respectively. 10 

Table 2: Two finite length sequences x(n) and y(n). 
n 0 1 2 3 4 
x(n) -1 1 2 -2 
y(n) 4 2 1 0.5 0.25 

(b) Discuss which convolution multiplication property in the DCT domain is applicable 
for the above computation. How this could be used for filtering in the block-DCT 
(type-H) domain. 4+6 

5. Write short notes on: 

(a) Color enhancement in the DCT domain. 

(b) Normalized-cut algorithm for segmentation of images. 

(c) Motion compensated prediction in video encoding. 

(d) Weak perspective projection. 

5 X 4 




