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ECE 5273 
Test 2 
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Name: SOLUTION 

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 partial credit! 

GOOD LUCK! 

SCORE: 

1. (20) 

2. (20) 

3. (20) 

4. (20) 

5. (20) 

TOTAL (100): 

On my honor, I affirm that I have neither given nor received inappropriate aid in the completion of this test. 

Name: ____________ _ Date: ____________ _ 
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POSTING OF FINAL GRADES 

It is the policy of the University of Oklahoma that grades will not be posted by student 

name, social security number, or student number. 

Therefore, final grades for this class will be posted using CODE NAMES, but only AT YOUR 

REQUEST. 

Indicate your preference by marking ONE of the boxes below. If you request for your grade 

to be posted, you MUST provide a CODE NAME. 

D Do NOT post my final grade. 

□ DO post my final grade. 

Code Name: ______________ _ 
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1. 20 pts. 'True or False. Mark True only if the statement is always true. 

TRUE FALSE 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

(a) 3 pts. If two images are discrete and periodic with the 
same period, then their wraparound convolution equals 
their linear convolution. 

(b) 3 pts. For convolving two N x N digital images, multi­
plying DFT's instead of directly implementing the con­
volution reduces the computational complexity from N4 

to N2 logN2
. 

(c) 3 pts. Homomorphic filtering can be used to transform a 
multiplicative noise problem into an additive noise prob­
lem. 

( d) 3 pts. Edge thinning and edge linking are not required 
after application of the basic LoG edge detector (without 
thresholding). 

(e) 3 pts. The trimmed mean filter TMp;2 is robust (nearly 
optimal) for removing both Laplacian and Gaussian ad­
ditive noise. 

(f) 3 pts. The basic idea behind DPCM is that pixel differ­
encing tends to reduce the entropy of typical images like 
lena or cameraman. 

(g) 2 pts. The Wiener filter was first introduced in 1945 by 
famous MIT electrical engineer Oscar F. Mayer. 
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2. 20 pts. Short Answer. 

(a) 4 pts. Name an effective technique for lossless entropy reduction. 

DfC W\ 

(b) 4 pts. Explain what people mean when they describe the median filter as a "low­

pass" filter. Strictly speaking, is this correct? What is the frequency response of 

the median filter? 

- N_J,c,"' -t'l-kr t-~ds -fo ·relJvl.ol/e 5"t,Mt~ I I obj ec.+r '-' ~, c ~ ~re_ 
5 .evie.r(,A I IJ r n c ~ ·l(I\ "'r5h -Pr-ei v-P--M r ,,f° es_ 

/\J~f COY-rer+ ½eCCtv{e, f)o{ a_(/ ~'J~ 0re~vb,Ct'~J are f'ewie,vej ..... f lvJ_ 

p., f-{eA IJ Y\l?lfl l,~@qr, I--f DOES N(fT l-fl+.\/1£. Jl\ t=KE&vevcy ~E~YthV({. 

( c) 4 pts. Can the gray scale morphological opening 5e 1mptememecr by multiplica-

tion of DFT's? Briefly explain. 

µo. (Jft;_N I) lt 'A~ fi'I/IPpr ~<' tf-ev: r+ d{)Pt' ~rl 
hv 1/e. O .f're15 u e,,i ry r-e ~ f '2 . 

(d) 4 pts. What is the main difference between the results that are obtained from 

applying the gray scale morphological filters OPEN and CLOSE? 

'So-,-!,, Sw,,11{)1h r!loiJe av,c/ rre~erve .e.d j ~, 

- c.Los~ reFNi11ves A-&fi~trve ~pi~ bAf- Yiof por:t;ve spi'lcP5 ~ 

-oft;f\J Y-ew,oves po~;f-,ve sr),'fce, ~+- no+ iter:;utr've '>/Ji'k:e). 

( e) 4 pts. Can the gray scale morphological filters ERODE and DILATE be described 

as Order Statistic Filters? Briefly explain/show. 

£(<.ob£ [ I; B] = fV\ I Al L 11 BJ 
D/LAT~[Ii g J ::: MAY. [l'.J fJJ 
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3. 20 pts. The 4 x 4 image I shown on the left below has 8-bit pixels in the range 

0 ::; I(m, n) ::; 255. This image is transmitted through a communication channel 

where it is corrupted by IID additive white Laplacian noise. The received image J is 
shown on the right below. 

32 32 32 32 30 32 28 35 

120 120 32 32 125 134 39 36 
I - J 

120 120 120 32 117 115 107 27 

120 120 120 120 123 120 122 119 

(a) 15 pts. Choose the best OS or morphological filter (MED, AVE, INNER_AVE, 

ERODE, DILATE, OPEN, CLOSE, etc.) to denoise the received image by attenu­

ating the transmission noise. Use the structuring element/window B = CROSS(5) 

shown below. Show the denoised image Kin the space provided at the bottom 

of this page. Handle edge effects by replication. 

iV\ ~1)11}..w {i.s be~,t- Su--­
l-~ \ ~ c r·~"' f\o'\ \~ 

B -

Note: Work space is provided on the following page. 

(b) 5 pts. Compute the ISNR for the denoised image K. 

. MSE(J) 
Hmt: ISNR(K) = 10 log10 MSE(K 

Show the denoised image here: 

30 32 32 3S 

K \1-S \\ $ 3~ $~ 

\\7 \17 \01 36 ISNR = 2. \ 3\0 dB 
\23 110 l'20 119 
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Work Space for Problem 2 ... 

MsE"LT-) :: 'Z(-r-J'),_ _ s-s-, ::: 34_,iv1 .. s 
lb - Lb 

M.S1, (\<. '\ :cc ~ l ~: K::i\ 3:t\ =- 2\.3125 

I 'S~R-= toJb~ f'A
5 ~CJ) - -' 

-✓\O M~(l\<.) - lo ~,o LC,33f3 AJ 2 ~ 13 l O dtS 

T-J :: 

\\1 

1'2-3 

30 '3 '2.. '2..€> 35 

30 3'2. ze, 35 
\'2-S \3t 3<} 3h 

1\7 ll $ lOl 21 

17.3 (--ZO 122. \\~ 

'2. 0 4 -3 
-s -1+ -1 --4 
3 s \3 5 
-3 0 -2. I 

4- 0 lb 9 
25 (~, 49 lb> 

9 25 lG9 ZS 

9 0 4 I 

~,s 
3(o 

27 

ll9 

.l-K:::: 

6 

30 

\2S 

1\7 

1'23 

2. 

-S' 

3 

-3 

4 
2;' 

9 
9 

3'2. 

l\5 

ll7 

\'20 

D 

~ 

3 
() 

0 

is 
9 
0 

~'2 35 

39 '36 
101 3h 
[2t) \l9 

0 -3 
-7 --t 
\3 -4 
0 I 

0 9 
49 lb 
!b9 \b 
0 \ 



() 

I 

'TI.. 

\ 
CCf.-) 

L[ c.tt:-l} 
.-

4. 20 pts. Gray scale digital images I with 3 bits per pixel and gray levels in the range 

{O, 1, ... , 7} are modeled as coming from an information source with the following 

source symbol probabilities (normalized histogram): 

k 0 1 2 3 4 5 6 7 

P1(k) 1 l 1 1 1 1 1 1 
32 8 4 32 64 64 2 32 

(a) 12 pts. Design a Huffman code to encode these images. 

\ 2 '3 4- z; ~ t 
l. \ .L I i+ l ...L -~ 4 3'2.. 62\- -2. 32 

t \ ) 32. 

0 I \ 
l~ 

t{; 0 ( 

01 

\ 
8 

or 

o\ 

0 \ 2 3 4 5 fo 7 
01100 0\0 oo O 11 o I 011100 01110 I I o 111 I 

5 3 2 5 ~ " I s 
-

7 
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Problem 4 cont . .. 

(b) 4 pts. Find the expected BPP (bits per pixel) and CR (compression ratio) for 

the coded images C (I). 

/3F,(1) = 3 
-, 

13, pp ([) ~ t r:i: (k) L [ c lk )] 

"" (-!z)S-r ( ii)3-r ( ¼::_)z +(t, )~ -i-[bt-)b +-Lti)0 + l l) i + Ch)§ 

- 6"' +- 12 + I ~ -r S + s +-3 +- l h i" 5 _ 
3'2.. 

13Pf(I) 
CR::. EPf(i) 

-

-

3 
2.o~n ... s 

~E 
32 =- 2.0 3t '25 

/.47692 

( c) 4 pts. Does your code achieve the theoretical lower bound on BPP for the coded 

images? Explain why or why not. 

YES. '5iV\ce Cl.II tie SyMbol probabi li +;~s arc_ 

,l/\te~~, :power5 of 2
1 

f-vi,s code ac~ieve 5 

t~e f½eo re, ti ca\ \owe r bouV\d OI\ \:3 PP, 
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5. 20 pts. Consider the original 512 x 512 grayscale Barbara image I shown below: 

Each pixel has 8 bits. During transmission, the image is corrupted by salt-and-pepper 

noise and additive white Gaussian noise with standard deviation CJ = 12. The received 

image J = I + N is shown below: 
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Problem 5, cont . .. 

The following seven filters are applied to J in an effort to restore the image by denoising: 

(a) K = AVE[J, B], with B = SQUARE(25) . 

(b) K = MED[J , B], with B = SQUARE(25). 

(c) K = CLOSE[J, B], with B = SQUARE(25) . 

(d) K = OPEN[J, BJ, with B = SQUARE(25). 

(e) K = CLOSE-OPEN[J, B], with B = SQUARE(25). 

(f) A 128 x 128 linear Gaussian low-pass filter with space constant CJ = 3, similar to 

Example 3 on page 5.61 of the course notes. 

(g) A 256 x 256 linear Gaussian high-pass filter with space constant CJ = 48, similar 

to Example 6 on page 5.79 of the course notes. 

Filters (a)-(e) are implemented directly in the space domain with edge effects handled 

by replication. Filters (f) and (g) are implemented by pointwise multiplication of 

DFT's with appropriate zero padding to obtain linear convolution. 

Label the seven filtered images shown below on pages 7-9. 
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Problem 5, cont .. . 
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Problem 5, cont ... 
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