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                              Polytechnic Institute of NYU Fall 2012 
EL5123/BE6223 --- DIGITAL IMAGE PROCESSING        Yao Wang 

 
 

Final Exam (12/19/12, 3:00-5:30PM) 
Closed book, 1 sheet of notes (double sided) allowed.  

No peeking into neighbors or unauthorized notes. Cheating will result in getting an F on the course. 
Write your answers on this problem sheet for problems where space is provided. Otherwise write 

you answer in the blue book.  Submit both the blue book and this problem set. 
 

Your name: ______________________________________ 
 
 

1. (10pt) (i) (4pt) Find the opening of the binary image, F, in Fig.(a) by the structuring element H in 
Fig.(b). You can use the grids in Fig.(c) and Fig.(d) to draw the intermediate and the final results.  

(ii) (4pt) Find the gray scale closing of the function sketched in Fig.(e) with the structural element in 
Fig.(f). Sketch the intermediate and final result in Fig.(g) and Fig.(h). 
(iii) (2pt) comment on the effect of opening and closing. 
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2. (15pt) Consider a 2D image f(x,y)=sin(4πx+2πy). 
a) (3pt) Determine its Fourier transform F(u,v) and illustrate the spectrum (i.e., the impulses in the 
transform) in Fig. (a). Indicate the magnitude of each impulse. 
b) (3pt) Suppose this signal is sampled uniformly with sampling intervals Δx=Δy=Δ=1/3. Draw the 
spectrum of the sampled signal in Fig. (b). 
c) (4 pt) Suppose the sampled signal is interpolated by an ideal low-pass filter h1(x,y) with frequency 
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where fs=1/Δ. Draw the spectrum of the reconstructed signal in Fig. (c). Give the spatial representation 
of the reconstructed signal fr1(x,y). 
d) (5pt) Suppose that a bilinear is used instead. Its filter response can be written as 

),()(),(2 yhxhyxh  with h(x) shown below 

 

 
Give the filter response in the frequency domain, H2(u,v) (2pt). If the filter is further band-limited to 
the region described by – 3.5 <u<3.5, and -3.5<v<3.5, give the spatial representation of the 
reconstructed signal fr2(x,y) (3pt). Note that you don’t have to evaluate the value of H2(u,v)  for any 
particular u or v. For example, for the value of H(u,v) at u=1 and v=2, just write H(1,2).Write your 
answer below. 
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Fig. (a): Original Signal         

Fig.(b): Sampled Signal          

Fig. (c): Reconstructed Signal  
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3. (15 pt)  Consider coding the following bi-level image, using the runlength coding method.  
(a) (3 pt) Generate the runlength representation. You should assume a line always starts with “white”, and 
specify the “white runlength” and then “black runlength” alternatingly, and end each line with a “EOL” 
symbol (end of line).   
(b) We would like to code the white and black runlengths using a single Huffman codebook. Write down 
the probability distribution of the symbols to be coded (3 pt). Generate the Huffman code for all possible 
runlength symbols (including “EOL” symbol) (4pt). 
(c) What is the average number of bits per coded symbol? How does it compare with the entropy of the 
symbol? (3pt) 
(d) Compute the average bit rate (bits/pixel) using this method. What is the compression ratio compared to 
using 1 bit for each pixel to indicate whether the pixel is black or white? (2pt) 
 
   

                               
 
 
 
4. (10 pt) Consider the following predictive coding method:  each pixel is predicted from a linear 
combination of its left and top pixels. That is  
f(x,y)=a f(x,y-1)+b f(x-1,y)+c f(x-1,y-1). 
Assuming the correlation coefficient of two horizontally adjacent pixels is h, the correlation coefficient of 
two vertically adjacent pixels is v,  the correlation coefficient of two diagonally adjacent samples is d , 
and the variance of the image is 2.  
a) (5pt) Write the equation that the coefficients a, b, and c need to satisfy to minimize the MSE of the 
prediction; b) (3pt) Solve for a, b,c  for the special case when   h, =v = d= c) (2pt) Determine the 
corresponding prediction error.  
 
5. (10pt) Answer the following questions briefly. (a) What does “scalable coding” mean in general (2pt), (b) 
What does spatial scalability mean (2pt)? (c)  (2pt) What does amplitude scalability mean (2pt) ? (Note that 
amplitude refers to the accuracy that a pixel value is represented). (d) (2pt) How does the JPEG 2000 image 
coding method achieve spatial scalability? (e) (2pt) how does it achieve amplitude scalability?  
 
 
6. (10 pt) Suppose a camera is such that each CCD sensor integrates the luminance over a square area of 
width DxD centered at the pixel location, where D is the spacing between adjacent samples both 
horizontally and vertically. Further it has an exposure time of T. An image is captured when the underlying 
scene is moving in an upward vertical direction with a speed of v. (a) (3pt) How is the captured image 
value related to the original continuous image? (b) (2pt) Write down the equivalent degradation filter h(x,y) 
in the spatial domain. (c) (2pt) determine the frequency response H(u,v) of the degradation filter. (d) (1pt) 
Suppose we want to recover the original image from the captured one using the inverse filtering method. 
What will be the frequency response of the filter Q(u,v)? You can write you solution in terms of H(u,v). d) 
(2pt) Describe what may be the problem with using this filter and how you may fix it. 
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7. (15 pt) For the given image below, (a) (4pt) Compute its approximation pyramid (also known as 
Gaussian pyramid) using an averaging filter. (b) (4pt) Compute the Laplacian pyramid using the pixel-
replication interpolation filter. (c) (3pt) Quantize the pixels in the Laplacian pyramid using a uniform 
quantizer with a quantization stepsize of 2. You should assume that the top level pixel has a distribution 
with a minimum value being zero, whereas pixels at other levels have a symmetric distribution with respect 
to the origin. (d) (4pt) Reconstruct the original image from the quantized Laplacian pyramid. Please use the 
provided grids to show your results. For all computations, if the result is a non-integer, you only need to 
keep your precision to one decimal point. 
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8) (15 pt)  Write a MATLAB script for implementing a simplified transform coder. (pseudo JPEG!) Your 
program should do the following for each image block of 8x8: 
1) shift the image mean value to 0 by subtracting all pixel values by 128; 
2) perform 8x8 DCT; 
3) quantize the DCT coefficients using a given quantization matrix Qmatrix, scaled by a given factor QP; 
The quantizer should assume that all coefficients have symmetric distribution with respect to the origin. 
4) count the number of non-zero coefficients after quantization, return this number; 
5) perform inverse DCT on the quantized coefficients; 
6) shift the mean value back by adding 128 to all reconstructed pixel values; 
7) perform necessary truncation so that the reconstructed pixel values can be represented by 8 bit unsigned 
integers, and save the results in the output image; 
8) determine the MSE of the reconstructed block and return this value; 
9) The program should also sum the numbers of non-zero coefficients for all blocks, and determine the 
ratio defined as total_number_pixels/total_number_nonzero_coefficients as an approximate compression 
ratio. Also determine the average MSE of all blocks, and convert it to the average PSNR value. Your 
program should report the estimated compression ratio and the PSNR, as well as the decompressed image. 
 
For simplicity, assuming the image has only the luminance component represented in 8 bit unsigned integer 
and it has been read into an unsigned character array inimg[][]. Your matlab function should have the 
following syntax: 
 
[outimg, compression_ratio, PSNR]=DCT_coding(inimg,QP,Qmatrix) 
 
Note that you can use built-in functions in MATLAB for computing 2D DCT and inverse DCT. For all 
other parts, please write your own functions. 
 
9.  Bonus (10 pt) Suppose you have two face images that you would like to morph from one to another by 
generating intermediate images. Let us further assume that the overall geometric transformation between 
the two images can be approximated well by a global bilinear mapping.  Propose an algorithm for 
generating one intermediate image that is equally distant from both images. (list all the steps involved). 
 


