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ECE 5273 
Test 2 

Friday, May 14, 2021 
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N ame: __ S~O-=-L..-:.U\-=.~~' D~tJ~ __ _ 
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Directions: This is an open notes test. You may use a clean copy of the course notes as 

published on the course web site and a calculator. Other materials are not allowed. You 

have 120 minutes to complete the test. All work must be your own. You may work the test 

on this test paper or you may use your own blank paper. Upload a scan or photograph of 

your test paper to the course Canvas page no later than 12:45 PM on Friday, May 14, 2021. 

SHOW ALL OF YOUR WORK for maximum partial credit! 

GOOD LUCK! 
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1. (20) 

2. (20) 

3. (20) 

4. (20) 

5. (20) 

TOTAL (100): 

On my honor, I affirm that I have neither gwen nor received inapproprzate aid zn the completion of this test. 

Name: ____________ _ Date: ____________ _ 
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1. 20 pts. True or False. Mark True only If the statement is always true. 

TRUE FALSE 

x 

(a) 3 pts. DOG filters are very useful in human visual mod-
eling. No-\-es f' 5,90 

(b) 3 pts. Any grayscale morphological filter can be imple­
mented by pointwise multiplication of DFT's if sufficIent 
zero padding IS applied. N\of?'v-o \0 j ~ C~\ f{ l*e.rS () re. ~UA \; ~ ~ r 

(c) 3 pts. Lmear filtering can be implemented by point­
wise multiplication of DFT's if sufficient zero padding is 
applIed. Nat'e~ f' S'. ~3 

(d) 3 pts. In grayscale template matching, the normalized 
cross-correlation CBTo1(z,J),T always ta1(es a value between 
o and 1 (inclusIve). Notes f' 8A"2 

(e) 3 pts. One of the mam features of Canny's Edge Detec­
tor is that it computes a second derivative m the direction 
normal to the edge. tJ ~e.s r· e,co 1 

(f) 3 pts. In anisotropic dIffusion, the dIffusIOn coefficients 
control the inhibition of smoothing over edges and en-
courage smoothing in non-edge image regions. No-te.s r· a" 94-

(g) 2 pts. The Salesman used to be an ECE professor at OU, 
but he got thrown out for saying that Trump incited the 
Capitol insurrection. 

3 



2. 20 pts. The ECE department photocopier has developed a problem. There are vertical 

black lines on all of the copies. The lines are always one pixel wide and are always 

separated by at least 64 columns. Because it is a hardware problem, these same vertical 

black lines show up when the photocopier is used to make scans as well. Two examples 

are given below: 

E CE 527:1 
Test 2 

T!":,~. I..\·. \ 1 ... ' ''. ]111 1 
11 •.. :I) A:o.I I :L '¥, PM 

Uir' ~ ' l i"n,,: 1'1,,,, j- (o n "I",n '.ut ..,., ,. ;{ \:.\1 ! I ~W ., ... " dt'".lI1 <. 1'\' I I I ~' \, .m"" I~ '!. " (of. 

I 1,Ii,fl.·\ " ll Ill" ~ . 1I~" \\,.{ .• =11" LIth" 11ln!''fi u~ (,p. 11<,f .111,,\\.~ \, Y "btl'" 1::11 l!liWH .. ,· I • 

r" " 11,1'1,' I!,,· I." , AUn."l:wlI. , I ,·\ . • lLl"\\U 

G OOD LUCK! 

I. ,:!;j l __ 

Unfortunately, it will be at least three weeks before a technician can come out to repair 

the problem. In the meantime, here is the plan: instead of copying, everybody will 

use the photocopier to scan instead. A nonlinear digital gray scale filter will then be 

applied to remove the vertical black lines from the scanned images, which can then be 

printed. 

Because of your excellent performance in ECE 5273, you have been asked to design 

the filter. Carefully explain which filtering operation you recommend, which window 

or structuring element, and the reasons for your choices. 
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Work Space for Problem 2 ... 

-- -rhe.. W\'(\~I)\A '5~\e\ \~e ",-t; S'W\t\\\ tlS fOe;s\b~ +0 av"~~ M~\";~ 
\A \J\~e.<;1 r~ h \(2.. t: ~~ lA~es il) 81) oJ- r i )(e\! .. 

-~ir..(e -~e. h~~ t,'~ c,-re dtlw~'1~ velft',c~lJ "Ll'"'J~tS (Me.. ~Ilf..e..' wide, 
avvA ",lltJ'ty$ sefetr'tt~ ~y etr leli5-f ,4 ti;lh.,tIMv\~/ -r~ \tV1V\ekw 

~O~~~ ~~ ~ (to vJ ~ 

~ ~ow(3) 'f~ +Le sw\t=tl ~~+ WllAkw -{'\ACo\.+- wat ~k- .... 

- 1+.5. cafl\ be 5eetA "111\ ~ ~lMpfe i\M~jB-.5 ~e.. hGto\ b letl-l , I'vt2S 

w\\l tj~e(,Ct,I~ C(rJ'-;.So butiA d61rl, tifllJ~ llj~-t S+fu.ct-ure M ~(L 
i VV\u~e., M~' A.I\J_ w;t f ref (Me ~ b~ ri"e-I! w\tIA. dt vtillAtL 
~~t- '-,{ s~Milur fo ~ WlttJ'CV'I+l of -f"'-e ri){el~ {VI. ~e 

f\er~~ bw-hted ~",J it IN'/{ t\(rI- hllAr eJ.jt2-f,. 

Cl()~~ il'JolAJ also tVtW'k, ~lA.t 7+ I~ hr/- ti~ jwd ~~ M£b I wJ 

kClivse ,t \y\\jDl,,~ t~ f"iwd+-ive -n \kllAj ~e~+7~!" .. -

~f) t~e. e ~t-ecJr. ve 5Pq+(~ \ exfevn-)s If;tlf"~ [Rr;w(es) J 
ot\J ~+ 'NOv \J yv\tt~~ NY/I{'e c "'~ 1/\j{J~ --ttl -t~ ~a?tJ pi ~et~ ~ 
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3. 20 pts. The 5 x 5 image 1 shown below has 3-bit pixels in the range 0 S; I(m, n) S; 7: 

4 7 2 5 3 

1 5 4 7 4 
1 - 0 5 7 2 3 

3 7 1 2 4 

2 4 4 4 5 

A grayscale morphological EROSION is to be performed using the structuring element 

B = CROSS(5) shown here: 

B -

Implement the EROSION filter as a stack filter to compute the filtered output value 

for the middle pixel 1(2,2) shown above as a large boldface "7." 

Note: you do not have to apply the filter at any other pixels! Just apply it at the 

middle pixel 1(2,2) only to find the filtered output value for that pixel only. 

Hint: extract the window set B 01(2,2) and arrange it as a horizontallD array. Then 

compute the bmary threshold decomposition for the window set and apply a binary 

EROSION filtel to each binary threshold signal. Finally, combine the results using the 

stacking property to get the final gray scale value for the filtered pixel. 

More workspace is provided on the following page in case you need it. 
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4. 20 pts. Pixels in the 6x6 image I shown below take values in the range {a, 1,2, ... ,99}. 

The image is sent through a commulllcation channel where it is corrupted by additive 

noise. The received Image J is also shown below. 

11 11 12 12 13 13 

11 0 12 13 13 13 

12 12 13 13 13 14 
I -

12 13 13 13 14 14 

13 13 13 14 0 14 

13 13 13 14 14 14 

It \'2... lZ. l~ l3 
\ 

l! 
1'2.. 

J -

11 

11 
12 

"2. 12 I 

9 , 99 

'3 13 

11 

0 

12 
13 
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99 
L., ,~ 

12 
12 
13 
13 
13 

99 
~~ 

12 13 13 

13 99 13 

13 13 14 
13 14 14 
14 0 14 

14 14 14 
1~W: 

Design a nonlinear filter to restore the received image by attenuating the noise. Handle 

edge effects by replicatIOn. Explain your solution. Show the restored image K below 

and compute the ISNR. There is workspace on the following page. 

-r~~ "oi~(2 ttA'hrtlJlIc.~ ,?OSlri \8(: Sp\~ 1Vt~t ~ -b he.. r~C'v~" 
BrAt -i1Ae.. ~~e- c~+tirn~ V\e5~t(!le $t~~ -r~6t,+ V\e~ -tz, b~ 1{"e..+&t;IA~1 
~o we...l\eeJ.... to lA.~e t{V\ a{'IlMtV\e-flf'll- ~~{;Ii1'~ T'hltf ~tievtll.1t.~5 p.15rh've... 
-.S~~~, ~fy. Ii; M/'t"IM(~ ~i.)f(;f+t~1 ~ V\eeJ f~ (,A.$e 4 .s~Gc..f ( 
~t W~IA.d.tw. 

-
Show the restored Image here. 

II /( l2 12- L3 13 
tl D (2 t3 {3 (3 

K= 
12- l'2- \~ 13 l3 ,~ 
\2- (3 1"3 IJ \4 14-
\3 l~ t3 \4- 0 \f 
t'3 t3 ,+ t4- tt ttl-

ISNR= 4S~68 d~ 
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More Workspace for. Problem 4 
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5. 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 mformation source with the following 

source symbol probabilities (normalized hIstogram): 

k 0 1 2 3 4 5 6 7 

PI(k) 1 1 1 1 1 1 1 1 
32 32 "8 16 "2 16 16 "8 

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

I ~ 3 4- 5 G, -, 
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1 
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Problem 5 cont .. 

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

the coded images C (I). 

() f' { ~ \ v\'" \ BfP ::.3 3 f "5 to 1 
"2-

\ ..L 1 3 1 
CoJeo\ 

(:) \ 
3~k +- ~ot+ "2:.. + 4- ~ (b -r 4-'lb +- • ~ 8Pt> .:. Sot-a ..;- £·t, + 

'5 '5 .J.. 4- .1+4 4 .3. - fi1'"n + 5 -r ~ t 2. Tb-+ Tb -t tl -
~ f" oS -+- \2 to 8 + lb +- e -\~ ~;- l"L 74 - 2 .. '31 '2.5 - ;;: - -- 52, 32- .. .... 

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

images? Explain why or why not. 

Y£5 - beC(tvJe.. ~e.. S"ource ~/lMk>' 
F'f'obet. 6; l)t',es a.re Gill 'IVltejer-

ro lAJefS of- 2. ~ 
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