
Spring 2022 

Dr. Havlicek 

EeE 5273 
Test 1 

Thursday, March 24, 2022 
4:30 PM - 5:45 PM 

Name:--'S"'-'-O-'-L_U-'T'-'I'-O-'-'N'--__ 
Student Num: _________ _ 

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

calculator. Other materials are not allowed. 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 netther gwen nor received inapproprtate aid in the oompletion 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 

x 
(a) 2 pts. Medical imaging techniques such as ultrasound 

sonography, MRl, and X-ray radiology are examples of 
absoprtion imaging. 1\1 o+es H' \. 2"3 - 2 5 

(b) 2 pts. In the pinhole camera model, the focal length is 
the distance from the lens center to an object in the 3-D 
real world that is in focus in the image. Notes rP' 1.31) IdS 

(c) 2 pts. For a gray-level image I, the histogram HI con- +. 
tains only first-order information about the pixel values. N CI es p. 2. 17 

(d) 2 pts. The binary median filter is self-dual with respect 
1.0 complementation. Nokes r' "2.t(,1 

(e) 2 pts. Histogram equalization is an example of a non­
linear point operation. N u~-e s p. a, 2 ; 

(f) 2 pts. Geometric image operations modify the image 
gray levels, but not the spatial positions. N o-\:e~ r. ~. ~ ~ 

(g) 2 pts. For any practical digital image I that is real-
valued, the 2-D DFT j is conjugate symmetric. 1\1 D+es p. 4. S":; 

(h) 2 pts. For any practical digital image I that is complex-
valued, the 2-D DFT j is periodic. Ntlte~ r· 3. ~S 

(i) 2 pts. For any finite-sized digital image I, the 2-D DFT 
j is given by samples of the discrete-space Fourier trans­
form (DSFT) ID . No-\-e.s r· 3.108 

(j) 2 pt. Vladimir Pul.in secretly likes to wear women's 
underwear. 

2 



2. 20 pts. Consider the 4 x 4 image I shown below, where the allowable range of gray 

levels is 0 ~ I(i,j) ~ 15: 

4 5 5 11 

4 6 10 8 
I -

6 7 9 7 

10 9 8 11 

Construct a new image K by applying the histogram shaping algorithm to make the 

histogram more "U-like." The desired histogram shape is given by: 

I k II 0 11 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 111 112 113 I 14 I 15 I 
I HK(k) 113 1212 11 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 2 I 2 I 3 I 

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

0 \ I 15' 

K= 
0 2- \S 1.3 
2 .3 \4 3 
\S \4 ra \5 

I k II 0 11 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 111 112 113 114 115 I 
I HK(k) 11212121210101 ell al 01 0 10101012.12141 

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

k II 0 11 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 111 112 I 13 114 115 I 
H(k) 0 0 0 0 2 2 2- '2. 2 :2 2 ? 0 0 0 0 
p(k) 0 0 0 0 2!,~ 'r,l 1% ';(, ~ % Yto! %,( C) CJ a " P(k) 0 0 0 0 "2.11 ~ % li6 I~ '% IX, IT'f. '~ 1',% 1''% .'~ 

k II 0 11 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 111 112 113 114 115 I 
H(k) 3 2 :2 1 0 0 0 0 0 0 0 (') I 2 2 3 
p(k) % ~ % J1. 0 0 0 0 0 0 0 0 ~b o/h, -z.4, 116 
P(k) 71, %. ~~ ~ % l~ .% % % ~~ I%. I%' ~46 % '% I~ 

0 I 1 15 
0 2 15 13 

No-\e..S p. 3A3 2 3 J~ .3 
15 14 13 15 
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Problem 3 cont . .. 

CLOS~ 

(spru:e for your answers is provided on the next page) 
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More space for Problem 3: 

a..) :Cn r. 5rn~l\ \>J'v--,+e.. t:)bJet-r.r ll.o6-'l.e 0 1"11:;) \i'<.e. ~\<\ vJ"'\~e \iV\~~ 
) 

0'1'\ -t1i\e. wo..'~ Q. !::W\~\\ Sf 0+ t:A.6ove.. +~e le-P+ e'le.. 111\ +h~ WliVVl'~ 

ClV\J S ill\ul\ W"'l-re ~oor~'1::wrl-i\t S+v-ipotl S ~\()"J ..(1..~ r"5 ",'t" eJ-jt2. d.­

t"'-a i'N\IA~~ ClI/"ta.. f.r-e~.Q.lI'lId. \3~ SIMtI.\ \ b \",-c.k .. obj'~t"iS 

L/...()(:rl' l"S\~) li~e. ~ifl\ b \t(t.\c: \'oI\-e.,S M ~.e IN~ \ \ QY\d ("()'f)'/-tolV'I'S 

a.-rovV\A -\''''e.. e'le.s l'A'('e \<:.;\ \e&-\. ---? 3\ \!i CLOS~ 

-
::t:", .:::r;,) C{t/Iy SIMe.tl\ .,b~ec.\- ,~ ~;\\eeA ... i+ doe.s'lI\lt 

it'~ w'-'ite 00(" bl«.c.I.c... ~ J2- 'IS M\:~It\t.J 

.If') J'3) sro~1I W1.,I-te obj"e'rts like +t.-.i"l w~i+e Iflile.5 titIl -Htte w~l' 
all\tl slee.ve, arre k;Jl€J. \Sut SM41/ b!<l.c.k objec..fs like. ~il'\ bl«.~k. 
Ilille.S M h,e. w~\l e\~ MiV'rU("" eJ~e.... qv-J t( SMe...I( blade ~P"+ I'A ~e.. 
'n~I"'" re..r~\'~{. ) ~ I! OPt.N 

b) The (eCtS~ i~ -t"~"+- oPE:N enr.J. CLl1S~ e"!CI... ilw~lve -two 'PctSse.s 
ok -t-v.e. S-bNt-tl.AV'"i:) e\e.V1i\e..vr\j IN\.eve~s M£'iJ(1).iI,J ;Ii\volves CAIII/,.wI~ 
F«s~, rtpr O~~I\I <qlllu\ CLe.'5£ VI! i-rVt C( 5')(.5" 5trut +vV'i VIJ elelllflev\1; 

+""~ 11I'\t:,.lfeet$e.s -r~e. e~ec-hve. 5F+i''''\ e)l~+- of -the. ope.v-~-I-r-1 
-t-ortAM 5'" )( 5' 10 ,)C. 9. 

rOt! e)lt:!lMpleJ oP~1\I is G:RDDc .foItDWe?\ 1y D.:r:.I...ATt::::. :T>") -f-LIe E"r<o$lCiN 

re5 v l+/ pixe.\ CWI'VI) de~e.~~ 011\ :r.LM-"1.J II\.) I :r.LIM-'JI\)J .:t.Lv.-./III), ItlM-t-I)lIlj 

D1"'~ :I:. (W\uj I-\} ... &I~ O+'-'.et{S. lie. D::t:l..A"TIOi\J y-esvl .... e(.t (MIl'\) t-l'IeVl 

de.reu0.5 CJ" ~ E~\)~D ph<,.elS7 ao\- (WI-?") VI) -r~V'Wj ~ (WI"t 2.) V\) f 

SlA..t- 1i-e ~ JefeAA oV\ i1Ae. CPv-i~ itll"'-\ iW\etje. f' }(e\~ :J:. (V'I'\-~, V\J -titr~ ~ 
:c. (.W\+ 4'; VOl ). Tlnv-s, t"~ e ~-et-+lve '5f~..l,"i<!t. \ ey.4-ev.-r of- -th-L 
oflr\\j i~ 9x3. 



4. 20 pts. Consider a 6 x 6 digital image I given by 

[27r ]. [2ir ] I(m,n)=2+6(m,n)+cos 6'(m+2n) +sm 6'(-2m-2n) , 

where m = column and n = row. 

(a) 10 pts. Find a closed form expression for the DFT 1. 
Notes f' 4.\'2.&;.; ZH 2·,,·~t(l.l)V') = 72rJ{IJ.)'1) 
No\es ~. 4. \1.-1: t(MIV\) ~ 1-

lJute.s f· 4.1'2.6 \ (o~ [-q tM+'21'))] ~ ~·fa·G:,(6'(Ll-\, 11-2.) + O'(lA"t'l, V-I-'2)] 

4-
tlI '2.ii ::. IS [O'(IA-I) v-'Z..) -+ c.r(lA-I-t) v"t2...) J 

Nbl:~ ~. .l2. 7: SIV\ C - ( -"2. .... - 21'1)1 ~ ( J 
b Ij J-t.~.b tf(v..~1.) v-~) - o Lv.·ez.) I/-tZo) 

-:: J IS r 0' (u. -~) 11-1) -I ( lAo\' "2. J V to "2.) ) 

N 

:I.(IJ.,,,) : 120((1..111);-1.. T \8 '(0(1.\-\ >,,-?.) -ret( 1A-I-')\I-t-2.5} -\' J \e to(u-'2) V-'2...) - 0(\.\.-1:'2) V+2)] 

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

space provided below: 
<.I. 

. V -3 -"2.-\ o \ '2-

\ I I I I I 
\ , I~ I I \ 

I I , I , \ 

I \ I 
I = 

1~ I I 

I \ I \ I \ 

\ l t I l~ \ 

8 

-3 
-'2. 

-\ 
(J 

I 

'2-

+ j x 

-3 -'2 

0 () 

0 -IE 
0 0 

0 0 

0 () 

0 0 

-I 

0 

0 

0 

0 

0 
0 

o \ '1... 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 \f) 

I-

-\ 
6 

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