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Spring 2023 

Dr. Havlicek 

ECE 5273 
Test 1 

Tuesday, March 7, 2023 
4:30 PM - 5:45 PM 

Name·--cc-s_o-"-L_U_T'--J.1-=a~~~\--
Student Num: _________ _ 

Directions: This is an open notes test. You may use the official course lecture notes and a 

calculator. Other materials are not alloyved. You have 75 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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1. 20 pts. 'n·ue or False: Mark True only if the statement is always true. 

TRUE FALSE 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Ret \ec-l-tel\ 
(a) 1 pts. Imaging sonar is an example of{absorptioajimag­

ing. 

(b) 1 pts. A binary median filter removes both gaps and 
peninsulas of insufficient size. I r 

X ➔ Of") 1 '~ t~e_ 
(c) 1 pts. The DFT of a real-valued digital image is~ ,~-le 1S' 

and conjugate symmetric. ~\so ev&i 
X sy""' ~e-tv-,c... 

(d) 1 pts . .@histogram usually indicates an overexposed 
image. Notes f· 2,'2.$ 

( e) 1 pts. Run-length coding always reduces the storage 
requirement for a digital image. N~s r I '2. I()~ 

(f) 2 pts. To implement linear convolution of two 128 x 
128 digital images by multiplying DFT's, it is generally 
necessary to zero pad the images to a size of~X 

(g) 2 pts. The binary OPEN-CLOSE morphological filter 
tends to link neighboring holes together. \\lo+e_s r · 1# 91 

(h) 2 pts. The foll-scale contrast stretch is an example of a 
geometric image operation. Nt,,\'~ f, '3, lt.\--

(i) 2 pts. For a typical digital image, logarithmic range N ()+e$ 
compression is useful for displaying the DFT magnitude. f • 4. (p I 

(j) 2 pts. Frame averaging is a common technique for de-
tecting motion in a video sequence. N eke-~ f , '3, 6 2 

(k) 2 pts. Aliasing always occurs when an optical ( continu-
ous) Gaussian image is spatially sampled to make a dig-
ital image. Nrrres f· 'h HS"'.; 4-. 1-20 

(1) 3 pts. Top Gun was better than Avatar. 
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2. 20 pts. Consider the 4 x 4 image I shown below, where the allowable range of gray 

levels is O :5 J(i,j) :515: 

11 8 3 0 

9 7 1 0 
I -

7 5 5 1 
3 11 13 15 

Construct a new image K by applying the histogram flattening algorithm to I . 

Show the new image Kand its histogram HK in the spaces provided below. 

13 10 4 0 

K= 
I l 9 2 0 

9 6 ' 2 
ll- \~ 14 15 

I k II O 11 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 111 112 I 13 I 14 I 15 I 
I HK ( k) IJ 2. I 0 I ,_ I O I '2. I O I 2 1 ° I O I 2..1 \ I ' I O I 2.1 l I I I 

Work space is provided on the next page. 
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Workspace for Problem 2: 

II 0 3 0 ~ In '¼ 
'" ¼ ½h 

I= 9 7 f 0 

7 s 5 I 
'¾ '% 4;fb ¾~ I{, lb 

'¼ ¾b 1%, '¼ 
3 I f 13 15 %, \% l-.. '% '¾~ 

I k 11 o I 1 I 2 I 3 I 4 I 5 I 6 I 1 I s I 9 I 10 I 11 112 113 114 I 15 I 
H(k) 2 2 C 2 0 2 0 2 I I 0 2 o· I 0 . l 
p(k) '1/4 71, %, Wb %: ~b ¾~ 't:1. Yib Yib (J /,ftJ '2,ltt, 6lj b Y11~ ",11, ¼~ 
P(k) 2% %,~ ¾,£%.,%, ~%~ l¼ '% l½ % ¾ l¼_ 

- --

k 11 o I 1 I 2 I 3 I 4 I 5 I 6 I 1 I s I g I 10 I 11 I 12 I .13 I 14 115 I 
H(k) 2 0 2 0 2 C, 2 0 0 '2 I I 0 2 ( l 
p(k) 

P(k) 

I<- == 

13 ID ·4 0 

\ \ 9 2 0 

9 ~ 6 2 
4 13 14 15 

J (l\'\,V\) 1 klfl\11\) 
'2./\lo 0 

4/u;a 2 

Eillb + 
'b,1 b ~ 

lO/it, 9 

'1/ib 1q . ., 
l ?../r ~ l I 

I ~/U, l3 



3. 20 pts. Consider the binary contour image shown below, where white represents 

LOGIC_ZERO and black represents LOGIC_QNE. 

(a) 12 pts. Let the upper left pixel have coordinates (row,col) = (0,0). Give a chain 

code for this image. Don't forget to include the coordinates of the init ial pixel 

and the end-of-code "flag." 

SoL..U"TIOJ.J 1. ! ll"\i-l-i4l pr')(e.l Cr()WJ e~l) = (.oJ 7) ~ 

<0,1) 44+ sss ,,<ob 11 7 0000 1112-z.2 13 .!\44- ss .,~ 
7 7 0 0 1 2 2. .3 4- 5 -, 34 

C r:'!..A c,,. 
': (O)i) 100 100 100 IOI lot WI 110 ll~ I\D 110 Ill Ill Ltl t)~O (>I)() OfJ() (1'16 OfJt ot;J 

OIO t)lt,) ~It.) tltO 011 Dlt too lt>O IC>() fol IOI I\O 110 lit "' t}f)O D(H) 

0 () ' 0 to O \ 0 0 ft lo t) to I l fl O I\ 

-= 
~OLu-tll)tlJ '2.: \V\i~h~\ f ,~e\ ( t-o~> col)-::.. (bJ,) : 

( 61 ,.) 3 1. o 7 , ~ 5 4 'r 33 2 2 1. 1.. o o 0 , 7 ~ ~ ' ~ S ~ 
4 4+~ 3 !) 3 L '2,. 2 2. 11.j_ 0 C) () 4// <- Ct "fl.,~C,...l( 

: (~J &) ()\\ OG>l ()l,)tJ Ill 110 lfO U,I IO() I~!) ott 6lJ OlO t:>lO ~Of 0() I 
6()0t,O() OfJO ff.I Ill /10 110 HO UO IOI IOI 1~0 ltJD ltJ() ttJO 
O II o ll ~ ll t> IO t> lO r;t() Ol O Oe> I ~~f ()(;/ ()00 O()(J t:Jt;O I ()(J --:.,.;:;: 
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Workspace for Problem 3 .. . 

(b) 8 i:>ts. Four-conntected Blob Coloring ( connected components analysis) is applied 

to the image with minor region removal. Show the result below. 

_ (tf +err b lDJ, color lll\1 J f~eire ~v-e. . 19 h lo~5. 

- The lav-~es--f blob- ('ou.111-f- i5 5,, --
~ /-{0 w evev'j f¼ev-e. a.f'e. +hv-e-e h {o 65 f L--i~+ 

eOl ht:tve -f~e.. f~tj-e~.+ C()r;I/\-I--, 

-- 0 ~ L '( ~ ~f' t°'v\e 5-e +"'-vee 5"'6ut~ ~e re-l-Gt.•,vi~ -
a. .f--re-r M, \J\OV- re~ '°""' r-e. W\.e> v ~ l .. 

- A"'y ~ of t1Ae. -\-fAv--ee {~\/'jEi-'J..f- ~lobs lfV\.~/ -
he re-r~i Ill e.J. • 

=> The +~r-ee ~'f'jB,k b lbbS g;_rre 54ovvll\ 6eltH,u J 
OV\ ly ~ 6f -t¼.elN\. .5 ~~'d be. re t~\11\.eO'\, 

6 

6 V'\ 'Y o 11\.e 6.f i '1.e se ---{-\,wee ,lobs 
<5 ~t>v\~ be 

c-'I\O~V\ a.s i~e 

Ci' "1 al tl.V\~ wel! 
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4. 20 pts. Consider a 6 x 6 digital image I given by 

[
271" ] . [271" ] I(m,n) = 1+2cos 6 (m+2n) +2sm 6 (2m-n) , 

where m = column and n = row. 

(b) 10 pts. Show the real and imaginary parts of the centered DFT array in the 

space provided below: 
u. 

v 

I -

- '!> 

0 

0 

0 

0 

0 

0 

... -i -\ 

0 C) 

0 3'=> 
b 0 

0 0 

0 0 

0 0 

() \ '2. 

0 C) 0 -3 

0 0 0 ~2 

0 0 0 -\ 

3~ 0 0 0 

0 0 0 l 

0 3b 0 2 

7 

+ j 

Ll 

V 

X 

-3 

0 

0 

0 

0 

0 

0 

-2 -I 

0 0 

0 0 

0 0 

0 0 

3~ C> 

0 0 

0 l 2 

0 0 0 

0 D C) 

0 0 -Jb 
0 0 0 

0 0 0 

0 0 () 

.... 

-'3 
-z. 

0 

2.. 



5. 20 pts. Draw lines to match the images with their log-magnitude DFT spectra.
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