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Question 1-15 

 
1 ACD, 2 AC, 3 C, 4 ACD, 5 D  
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6 CD, 7 C, 8 AD, 9 C, 10 AB  
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11 BD, 12 B, 13B, 14 ABD 15 B 
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16 F, 17 F, 18F 19T 20 F 
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21T 22T 23F, 24T, 25F 
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Question 26-28 

(a) There is an image shown as follows because of the noise interruption. How do you process 

the noisy image? Show the result. 

86 72 1 88 78 64 

72 255 82 83 83 93 

73 73 255 94 89 83 

73 63 73 255 1 96 

83 1 94 85 255 83 

82 73 84 86 87 81 

 
(b) Illustrate the motivation of Homomorphic Filtering. 
(c) Explain the image degradation model described in the lecture notes, and how to use inverse 

filters for image restoration.  
(d) Inverse filters may encounter numerical problem in practice. Provide one solution to 

overcome this instability.  
 

 
Solutions: 
(a) This image is interrupted by pepper and salt noise. Median filter can be used to remove 

this noise. The filtered image is showing as following with zero padding methods. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

0 72 72 82 83 0 

72 73 83 83 83 78 

73 73 83 83 93 83 

73 73 85 94 89 83 

73 73 86 87 86 81 

0 73 73 85 85 0 

 
(b) Please see lecture 3B-page36-40. 
(c) In the spatial domain, the model is g(x, y) = h(x, y)∗f(x, y)+η(x, y), where g(x, y) is the 

observed image at position (x, y), f(x, y) is the original image, η(x, y) is the spatial 
noise, and the convolution h(x, y) ∗ f(x, y) corresponds to the image degradation 

0 0 0 0 0 0 0 0 

0 86 72 1 88 78 64 0 

0 72 255 82 83 83 93 0 

0 73 73 255 94 89 83 0 

0 73 63 73 255 1 96 0 

0 83 1 94 85 255 83 0 

0 82 73 84 86 87 81 0 

0 0 0 0 0 0 0 0 



8 
 

process, where h(x, y) is the spatial representation of the degradation operator. In the 
frequency domain, the model becomes G(u, v) = H(u, v)F(u, v) + N(u, v). Suppose the 
noise is zero, then we have F’(u, v) = G(u,v) H(u,v) , which is called inverse filter and 
can be used to estimate the Frequency response of the original image hence restoring 
the original image.  

 
(c) In practice the denominator H(u, v) may have too small magnitude in the high frequency 
part, making the inverse filter highly unstable. To prevent this, we can (1) confine the 
inverse filter operation only to the low frequency part; or (2) add a small constant in the 
denominator of the inverse filter process, similar to Wiener filter. 

 
 

Question 29 

We compute the histogram of the image ‘lena’ after performing four different pixel 
transformations (A, B, C and D) shown in the following figure. 

 
(a) As a result of the pixel transformations, we obtain the following histograms. 

 
 
Which transformation gives which histogram? (4 marks) 
 
Solution:  
transformation a -> histogram 3 
transformation b -> histogram 2 
transformation c -> histogram 4 
transformation d -> histogram 1 
 

(b) These histograms correspond to the following images: 

 
 
Which histogram belongs to which image? (4 marks) 
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Solution:  

histogram 1 -> image 1, 

histogram 2 -> image 3, 

histogram 3 -> image 4, 

histogram 4 -> image 2. 

 

Question 30 (14%) 

Let A denote the set shown shaded in the following figure. Refer to the structuring elements 

shown (the black dots denote the origin). Sketch the result of the following morphological 

operations. 

(a) Y1= (AΘB4) ⊕ B2  where Θ denotes the morphological erosion operator and ⊕ denotes 
the morphological dilation operator; (8 marks) 

(b) Y2= (AΘB1) ⊕ B3. (7 marks) 

 
 

 

 

Solution:  

Please see my lecture notes 

 
Question 31 (14%) 

(a) Match the images below to their corresponding Fourier transform spectrum and 
explain the reason.  
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                             1                     2                     3                     4 
 

 
                             A                    B                    C                     D 

 
Solutions: 1->A; 2->C; 3->B; 4->D 

 
 
(b) Match the images below to their corresponding Fourier transform spectrum and explain 

the reason.  

 
Solutions: a ->3; b->4; c->1; d->5; e->2 
a ->3; b->5; c->1; d->4; e->2 

 

 

 

Question 32 (10%) (randomly choose one of two questions) 

32-1A 5*5 grayscale image is given by 
 

2 5 5 9 1 
3 4 7 6 2 
4 6 5 4 2 
9 7 6 3 1 
8 6 3 2 3 
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Please calculate the results with the 
(a) Arithmetic mean filter after replicate padding (filter size 3*3). 
(b) Midpoint filter after replicate padding (filter size 3*3). 
(c) Median filter after zero padding (filter size 3*3). 
(d) Laplacian filter after zero padding (filter size 3*3). 
(e) Alpha-trimmed Mean Filter with d=4 after zero padding (filter size 3*3).  
 
Solutions: 
(a) 

 
(b)  

 
(c) 

 
(d) 

 or  
 

32-2 A 5*5 grayscale image is given by 
 

2 5 5 9 1 
3 4 7 6 2 
4 6 5 4 2 
9 7 6 3 1 
8 6 3 2 3 

 
Please calculate the results with the 
(a) Arithmetic mean filter after zero padding (filter size 3*3). 
(b) Midpoint filter after zero padding (filter size 3*3). 
(c) Median filter after replicate padding (filter size 3*3). 
(d) Laplacian filter after replicate padding (filter size 3*3). 
(e) Alpha-trimmed Mean Filter with d=4 after zero padding (filter size 3*3).  
 
Solutions: 
(a) 

 
(b) 
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(c) 

  
(d) 

or  

 

Question 33 (12%) 

(a) A 7 x 7 image with eight gray levels is given below: 
 

1 2 1 3 6 6 5 
1 2 2 4 5 7 6 
1 0 2 5 6 7 7 
0 2 3 6 6 7 7 
1 4 3 5 7 7 6 
3 0 4 4 5 7 7 
2 0 3 5 6 6 6 

 
(a) Obtain the histogram of the image. Noted that histogram is not the pdf. 
(b) Apply histogram equalization on the above image and determine the new intensity 

values of the histogram equalized image.  

 
Solution: 

(a)  
Gray level hk sk 

0 4 7*4/49 ->1 
1 5 7*9/49->1 
2 6 7*15/49->2 
3 5 7*20/49->3 
4 4 7*24/49->3 
5 6 7*30/49->4 
6 12 7*42/49->6 
7 7 7*49/49->7 

 
(b)  

Gray level hk 
1 9 
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2 6 
3 9 
4 6 
6 12 
7 7 

 
(a)  

Gray level hk sk 
0 4 7*4/49 ->1 
1 5 7*9/49->1 
2 6 7*15/49->2 
3 5 7*20/49->3 
4 4 7*24/49->3 
5 6 7*30/49->4 
6 10 7*40/49->6 
7 9 7*49/49->7 

 
(b)  

Gray level hk 
1 9 
2 6 
3 9 
4 6 
6 10 
7 9 

 


