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CSE 4733: Digital Image Processing
Programmable calculators are not allowed. Do not write anything on the question paper.
Answer all 6 (six) questions. Figures in the right margin indicate full marks of questions whereas

corresponding CO and PO are written within parentheses.

1 a) How is Histogram Equalization (HE) adapted for local enhancement? Why can local HE

bring out more details than its global enhancement counterpart?
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b) Opening or Closing with circular structuring element (SE) produces round corners which
were sharp before the morphological operation. Describe when and why these inward and
outward sharp corners are rounded.

c) Prove the validity of the duality expression: (A o B)C = (A' • B)
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2. a) Draw the required transformation function(s) for producing the complements of color im-
ages using HSI color space.
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b) in a 24-bit RGB image, the R, G, and B channels have the horizontal intensity profrles shown
in Figure 1. What color would a person see in the middle column (y = N/2 position) of this
image? Here, the column size of the image is N.
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Figwe 1: Horizontal intensity proflles for Question 2.b)

C) A CCD TV camera is used to perform a long-term study by observing the same area 24 hours
a day) for 30 days. Digital images are captured and transmitted to a central location every 5
minutes. The illumination of the scene changes from natural daylight to artificial lighting.
At no time is the scene without illumination, so it is always possible to obtain an image
Because the range of illumination is such that it is always in the linear operating range of
the camera9 it is decided not to employ any compensating mechanisms on the camera itself.
RatheR it is decided to use image processing techniques to postprocess, and thus normalize,
the images to the equivalent of constant illumination. Propose a method to do this. You
are at liberty to use any method you wish, but state clearly all the assumptions you made in
arriving at your design.
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a) }:::::T::„a:: Jr,vhei;jatT:#£pJ:=?=:=itfb(IB\:itF2iJ::: and then appMng the

/(x1 y)(–1)(*+y) + F(u – M/2, u – N/.2)
Note: Use the term –1(x+Y) = ei"(*+Y)

3.

b) A ,m,,thing falter in the FrequencY domain has a size ofM x T’ by\ its :cFlivalent Spatia1
domain hlter representation has a much smaller size of m x n' Explain whY

c) in the Frequency domain) design the appropriate fIlter to remove the followlng noIse:
i. Periodic noise

Gaussian noise

a ) T: el=TsuI: \ : T : ::: : i ea : : : 1: fP; i to: =v =T: :: :T = =t ioetin ::r:: ::1l::end ill SEeP; :s; i ;e
hrst outP it.' +Lese ID masks can be same or can be different. Determin? whether convoIu-
tion with a 2D Sobel mask can be done with two same/different ID masks-

4

b) F., , L,pI„i,. .f , G,.„i,n (LoG) mask v;G(x, y), the averape 0{ ?nJ!:" n}terlCOe£hcients
is zero. Prove that the average value of anY image convolved with this filter is also zero
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Figpre 2: Corrupted image for Question 4.c)

a) Explain why second-order derivative responses are more sensitive than the hst-order derl\’a
tives while detecting zero-crosslrlg.

5.

also label them separately. Assume that all particles idealIY have a radius of 11 pixels

c ) ::hpl :== = ? i f: i :cgc :: iI: : r::T:et: : F# : : ) 1::== : : 1 )t t: en:::::: : ro : F :::it::IT ;: = s ! :
the image plane (i.e., the xy-plane),

it: ii

10
(C02)
(P02)

4+4
(COI)
(POI)

7
(COD
(POI)

8
(COI)
(POI)

10
(C03)
(P03)

5
(C02)
(P02)

10
(COD
(POI)

10

(COI)
(POI)

CSE 4733 Page 2 of 3



i • e + : t F C \ ;•

Figure 3: Circular particles for Question 5.b)

6. a) Briefly describe the image degradation/restoration model with the degradation function
h(x, y) and additive noise o(x, y).
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b) Consider the two outputs shown in Figure 4, where the left image is a result of using an
arithmetic mean fllter of size 3 x 3; the other image is the result of using a geometric mean
frlter of the same size.

* -;“:':"’ '- '

Figure 4: Result of arithmetic mean flller and geometric mean flller for Question 6.b)

i. Explain why the subimage obtained with geometric mean altering is less blurred.
ii. Explain why the black components in the right image are thicker compared to that on

the left image.

c) Consider a Contraharmonic mean frlter for removing impulse noise. Answer the followings:

i. Why the alter is effective in eliminating pepper noise when Q is positive.
ii. Discuss the behavior of the alter when Q = –1 compared to the case when Q is positive.
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