ECE 5273
Test 2

Wednesday, May 2, 2018
4:30 PM - 6:30 PM

Spring 2018 Name: SOLUTIo N
Dr. Havlicek Student Num:

Directions: This is an open notes test. You may use a clean copy of the course notes as
published on the course web site. Other materials are not allowed. You have 120 minutes to
complete the test. All work must be your own.

SHOW ALL OF YOUR WORK for maximum paujtial credit!

GOOD LUCK!

SCORE
1. (25)
2. (25)
3. (25)
4. (25)

TOTAL (100):

On my honor, I affirm that I have neither given nor received inappropriate aid in the completion of this test.
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1. 25 pts. True or False. Mark True only if the statement is always true.

TRUE FALSE

X (a) 2 pts. If two images are discrete and periodic with the
same period, then their wraparound convolution equals
their linear convolution.

X (b) 2 pts. With appropriate zero padding, wraparound con-
volution can be used to implement linear convolution.

(c) 2 pts. The average filter AVE[J, B] is an example of a
nonlinear filter.

(d) 2 pts. Low-pass filters are typically used to enhance
image details and contrast. NjTES P L 94

(e) 2 pts. The Laplacian filter is an important example of a

band-pass filter. Noteg P, §=99

(f) 2 pts. When the spectra of the noise and the image are
overlapping, the window of a linear denoising filter must
be designed very carefully in order to ensure that all of
the noise is removed. Njg4es ¢+ 8 -106

>< () 2 pts. For a denoising filter, higher ISNR means better
performance. No+@% - 5105

>< <X K

% (h) 2 pts. In practical image restoration problems (linear
blur plus additive noise), the blur is almost always high-

pass. No’\‘es P S“HB

),<« (i) 2 pts. A filter is robust if it gives close to optimal

performance for a wide variety of noise types. ” "70
X o

(j) 2 pts. An image with a flat histogram cannot be com-
- pressed by a variable wordlength code alone. Mo‘\’€5 P 7"" 18

>< (k) 2 pts. The JPEG baseline algorithm applies run-length
coding to the quantized and zig-zag ordered AC coeffi-
cients while applying DPCM to the quantized DC coeffi-

cents. Nitey ¢.7~79, 7-9|

3 pts. The Wiener filter was first introduced in 1945 by
famous MIT electrical engineer Oscar F. Mayer.

on ! |




2. 25 pts. The N x N digital image I; is defined by
Li(m,n) =5+ 3d8(m,n)

and the N x IV digital image I is defined by
2
Iy(m,n) =1+ 6cos [W(Zm + 7n)J .

Let the N x N digital image J be the wraparound convolution of I; and I,. Find j,
the DFT of J.
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Work Space for Problem 2...



3. 25 pts. Pixels in the 6x6 image I shown below take values in the range {0, 1, 2,...,127}.
The image is sent through a communication channel where it is corrupted by additive
noise. The received image J is shown below.

721727211010 |10 7272|172 /10(10 |10
7272|7210 (10 |10 7217217211010 |10
I=727272101010 J=727265104410
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727217210 (10 |10 72172172110 10|10
7272721010 {10 7217272 10|10 |10

(a) 18 pts. Design a nonlinear filter to denoise the received image J. Explain the
rationale of your design. Show the denoised image K in the space provided below.

(b) 7 pts. Find the ISNR of your denoised image K. . . ’
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Workspace for Problem 3...
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Workspace for Problem 3. ..




4. 25 pts. Gray scale digital images I with 3 bits per pixel and gray levels in the range
{0, 1, ...,

source symbol probabilities (normalized histogram):

Notes,
p- T-277

(a) 15 pts. Design a
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Problem 4 cont. ..

(b) 5 pts. Find the expected BPP (bits per pixel) and CR (compression ratio) for
the coded images C(I).

original RPP=
e FF_O.B - ~2- -3- ~ 4=

New RPP= (015)(2)+ (00D 4 + (0.7)(1)+ (0.04)(4) + (0-03)(4)
—_— - —_—— — —
T(o00)6) * (0.02)(5) + (o.01)(¢)

=166 |
BPP = |66

———,

e

2
CR= T4z = l.8OTZ L

(c) 5 pts. Does your code achieve the theoretical lower bound on BPP for the coded
images? Explain why or why not.
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