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Subject Name: Digital Image Processing Time: 3 hours Max. Marks: 100

Instructions to students:
1. Donot write anything other than your roll number on question Wtper.
2. Assume suitable data wherever required and mention it clearly.
3. Writing appropriate units, nomenclature, and drawing neat sketches/ schematics/ flow chart wherever,

required are an integral part of the answer.

Q.1A Objective type multiple choice questionsHO questions rtp 1 J!larkt 10
1. Digital images are displayed as a discrete set of

(a) values (b) numbers _ (c) frequencies (d) intensities
11. Sensor strip is mounted in a ring configuration is used in

(a) microscopy . (b) medical (c) industry (d) radar . .
iii. - Imaging system produces

(a) high resolution image (b) voltage signal
(c)digitized image . (djanalogsignal _

IV. In bit plane slicing the most of the information of an image is contained by
(a) highest _orderplane (~) l~west ordt:r_pl~~~jc)~d order plane (d) AJl_pl~~es

v. Method generating a processed image having specified histogram is called
(a) histogram enhancement (b) histogram normalization
(c)histogram equalization (dt histogram matching

VI. Which of the following is the correct match of the following two lists of terms:
a. sampling theorem 1. aliasing
b. image sharpening 2. Nyquist rate
c. piecewise linear function 3. the Laplacian
d. under sampling 4. intensity-level slicing
(a) a-2, b-3, c-L d-4 (b) a-4, b·}, c-2~d-I (c)_~-2,b-3, c-4, d-I (dt a-2, b-4, c-3, d-l

VII. A 4-point sequence (f(0)f(l) f(2) f(3)}is odd if it has the form
(a) {O -b 0 b} (b) {a. b b c} .. (c){b 0 -b O} (d) {a b c b}

viii. If F(u, v) = R(u, ~) + ji(u', v), i="'~1,i~the Fou;ier tr~nsfor~ of an imaginary
function f(x, y) [R(u, v) and I(u, v) are real and imaginary part of F(u, v)]. Which
of the following is FALSE: .•..
(a) F(u, v) is conjugate antisymmetric (b) R(u, v) is even, I(u, v) is odd
(c) R(u, v) is odd, I(u, v) is even (d) iff(x, y) is even then F(u, v) is also even

IX. Color pixel is
(a) scalar (b) coordinate (c)vector (d) Both (a) and (b)

x. Which of the following is FALSEW.r.t.L *a*b* color space? It is ---------------
(a) colorimetric (b) perceptually uniform
(c)perceptually non-uniform (d) device independent

Page 1 of 3



-
Q.2 Short answer type questions (4questions @ 2.5marks) 10

1. Represent the Weber ratio as a function of intensity through a plot and comment
on brightness discrimination power of human visual system based on this plot.

11. Consider a 1-D function f with a discrete unit impulse given as a a a 1 a a a a
and a filter w given as 2 4 6 4 8. Obtain the results of correlation of the filter w
with the function f

lll. Brieflydiscuss the translation and rotation properties of tile 2-D DFT.
IV. Show that Fourier transform of a real function [(x, y) is cbnjugate symmetric i.e.

F*(u, v) = F( -u, -v).

Q.3A Illustrate the process of digital image acquisition using array sensors. 05
Q.3B Consider the image segment shown. Let V={l, 2}and compute the Euclidian, D4 05

(City-block), D8 (Chessboard) and Dm distance metrics between p and q.
J I 1 l{q)

2 I 1

(pll 0 I 2

Q.4A Brieflydescribe the following intensity transformations: 05
1. Power-law transformation

11. Intensity-level slicing
Q.4B How do we implement first-order derivatives in image processing to perform 05

nonlinear image sharpening? Give the mathematical expressions and
c~r~.e:sp.on<:iing_I?~?~_~.f~}3-0E.~~~_s_c_ro~.~-gra9ien~_?p~rator~and Sobel operators.

-
Q.5A The following figure shows respectivelya 3-bit image of size 5 x 5 image in the

square with x and y coordinates specified, a Laplacian filter, and a low-pass
filter.

x 0 1 2 3 4y

0 3 7 6 2 0 Laplacian filter Low pass tilterr

1 2 4 _6 1 1 0 1 0 0.01 0.1 om
2 4 7 2 5 4 1 -4 I 0.10 0.56 0.10

3 3 0 6 2 1 0 1 0 0.01 0.1 0.01

4 5 7 5 1 2

Determine the following:
1. The output_of t~~} >:. ~ medianfilter Clt(2, ?)_. . _. _ 01

11. The output of the 3 x 3 Laplacian filter shown above at (2!2). 01
111. The outpu! of the 2> x 3 low p_assfilter shown above at (2,2). 01
IV. The normalized histogram of tile whole image. 02

Q.5B Consider the above shown 5 x 5 image as input Image and determine the
following: _

1. The output 5 x 5 histogram equalized image. 03
11. The equalized histogram. 02

Page 2 of 3



Q.6A Find the Fourier transform, F(rt), of the function fCt) defined as follows: 05f A for - W /2 :S t :SW /2
fCt) = l0, otherwise

. Also.show the plots of F(fl) and I F(rt) I as a function of.frequency rt·
Q.6B Show that the Fourier transform, S(rt), of an impulse train, SfH(t), with period t..T 05

is also an impulse train, whose period is 1/ t..T.
OR

Q.6B Why do we need to perform sampling? Use an impulse train Sl-.T(t) as the 05
sampling function, describe the procedure (pictoriallr and mathematically) of
obtaining the samples at uniform intervals t..Tfor a continuous function fCt).

,~ --_ .. - -- ---- - -- -- .. ~-.--..-. - .--- ~- - _ ..

Q.7A Determine whether the 1-D discrete function fCx) = {fCO) f(l) f(2) f(3)} = 05,
{2 1 1 1}and its Fourier transform]=,(u) are even or odd.

Q.7B If 1 <=> 8 (u, v) means the Discrete Fourier Transform (DFT) of 1 is a 2-D discrete 05
impulse 8 (u, v) in frequency domain and inverse discrete Fourier transform of
8Cu, v) is 1. Using the translation property of 2-D DFT, show that the DFT of the
discrete function f(x, y) = sin(2rruox + 2rrvoY) is
F(u, v) = L [8(u + Muo, v + Nvo) - 8Cu - Muo, v - Nvo) ] ,2 .

where / = -1 and M x N is the size of the function (image) f (x, y).
OR

Q.7B Explain the image enhancement (sharpening) using the Laplacian In the 05
frequency domain. _.....____ _

-- - ---

Q.8A How image smoothing is performed in frequency domain? Explain the
commonly used image smoothing filters in frequency domain._

10

1l.

- --

Explain the f<?ll~wing_pse~9-~<::<?~g.~_~:rn.?-geenhancement __t:.~<::~i.ql1~_~:.
l. Intensity J~~~~!~Y.:t~l}ci~g________ ._. _._._.__.. .._.. '.. . .._.

Intensity to color transformations
In the context of color transformations, elaborate the following concepts:

l. Mathematical model of color transformation
Color complements
Color slicing

10Q.9A

Q.9B 10

ll.
iii.

.. ' OR
Q.9B Write short note on the"'foiiowing:(any two)

l. Components of an image processing system
u. Application areas of DIP
iii. CIE L* a* b model

- -- . ~-

IV. Color image smoothing andsharpening

10
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