
Spring 2024 

Dr. Havlicek 

ECE 5273 
Test 1 

Thursday, March 28, 2024 
4:30 PM - 5:45 PM 

Name: S'OLUT l O 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 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 neither given nor received inappropriate aid in 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 

X 
X 

(a) 2 pts. The YCbCr color space was originally used for 
color TV so that black and white TV's could continue to 
function by receiving and displaying only the Y compo­
nent. 

(b) 2 pts. Any digital image can be exactly reconstructed 
from its histogram. 

( c) 2 pts. For a given structuring element or window, the 
binary Median and Majority filters are identical. 

(d) 2 pts. Blob coloring is a simple method for generating 
the histogram of a color image. 

( e) 2 pts. The binary OPEN and CLOSE filters generally do 
not affect the overall sizes of objects that are sufficiently 
large. 

(f) 2 pts. Snapping a picture with your cell phone camera 
is an example of reflection imaging. 

(g) 2 pts. MRl is a type of ab~ption imaging. '£ ~ i S 5 ~611\ 

(h) 2 pts. The 2D centered DFT is useful and intuitive 
because it displays the h~st spatial frequencies in the Lt>&1-e~+ 
center of the DFT magnitude image. 

(i) 2 pts. The 2D discrete-space Fourier transform (DSFT) 
of any digital image is periodic. 

(j) 2 pts. Trump will be president of the United States 
again. 
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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 ~ J(i , j) ~ 15: 

4 5 9 7 

I -
6 10 8 9 

7 10 11 8 

4 6 5 11 

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

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

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) II 3 I O I 2 I O I 1 I O I 1 I O I O I 2 I O I O I 3 I O I O I 4 I 

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

0 2 l'l 9 

K - 4 15 \ 1. 11 
9 15 15 l2 
0 4 2 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)ll 2lol21al2lolol0 lol2I ol 0141 ol 014 1 

Work space is provided on the next page. 

3 



Workspace for Problem 2: 

J:: 
Y,4, ¼ ·~ ,, 3/.b 
3/," l1(,. '¾, ,, ~, \~ 

11, '~,, '1f.6 

¼ ~, l~b \~b 

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 
H(k) 0 o O O 2 2 2. '2. 2. -2 '2. 2. 0 O O 0 
p(k) 

P(k) 

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 15 
H(k) 

p(k) 

P(k) 

0 

4 
~ 
0 

4 

2 1'2.. 9 
\S 1'2 ,-i. 

I'S 15 12. 
4 '2 IS 



3. 20 pts. The gray scale image 11 shown below has 8-bit pixels. This image was 

thresholded to obtain the binary image 12, which is also shown below. In 12, the 

pixel value 255 (WHITE) represents LOGIC_ONE and the pixel value zero (BLACK) 

represents LOGIC_ZERO. 

Binary morphological OPEN and CLOSE operations where performed on the image 12 

using a 5 x 5 diamond-shaped structuring element. The resulting images are shown 

as J1 and J2 below. 

C L.b f€ 

Determine which image is the result of the OPEN operation and which is the result of 

the CLOSE operation. Explain your answer in the space provided on the next page. 
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Workspace for Problem 3 ... 

J, ~ OPEN (l2). 

- o?EI'-\ a..fpl;e~ f"e. ero5;a,I\ t, rs-\:. T~e 'l"'G\ilJ\ e l.fec..\:5 CA..~e. '. 
~ L..a."'1e. w'-'\te objed-s a.-r-e. e._l{'ocJ..~J ~Y abtJIA.~ 2 tb '3 ~ i ~e\~ J 1ecovir.i'j 
~ ~Wl.'71.1\e_r. 
& ~~t.\1 I i,J~l t~ obJec"5 ttr-e (o'Mf\et~ '" ~\i ~\V\Gi....\@d\, 

- or~\\\ +~Q_"' ctpp\i.-e~ Al \ttt-'it-V\ .s etcMrJ.. 
CD res-to-res \o.t~er w ~i \--e. o'c~er~! t-o ~~? it>')('.ilfl\~te \y OV"i ~ ,lo\&\\ 51~e. 

@ ~tAt t~e. SIM&\.\\er vJhAe object{ do U\ert cfl'M-e. ~~c'lc. .. d i ~'9Y ate 
f~-f'W\!{V\e..1/\+ly re.'M{)Ve tA , 

q Th.,.s c A.I/\ be. see!/\) e, ~.; \ti\ +~~ w ~-e~\~ ~"'/). w,V\dl)'-IJ5 o~ f ~e 
ct:tr i"' -=r, • 

jl =- LLt>SE'. l'Ii). 
-CL.b5£ ~tfl(e~ t"'Q.. d,\~-r,vA ~,If~+. n\s e)(p~V\t16 et\\ IA)\ti;-¾e o~jet+s ty 

1'1..bo\/1.T "2 to 3 't>·11-a.\s. Ftnr t"'.e. bl(l.ck obJee.\:s.~ 

(D L~r~e.- b\itt~ o~jed·~ ~~ttMAe $\J,.1-~\\~r ~y abov+ 2 to 3 p i?<-els. 

@ s""'~\\er ~lttt~ objee-\~ ar-e. Ct>1M~\e-te\y e..\,"""\Vl&\.+ecL 

..... Clos£ -tk\J\ a.~e\'le5 t~e e'("'os,VI\ SetWltL 

(D (es--tofe~ wki-re. object~ to ttpfY"Hir.tA&tie ly ~r-15 ilf\t..\ 1iie, 

~ res..\t>-res \ei.1t-5e.r b la.t\<- a~iec\-:> to af~ ro)<.·1w-et.-\-e \1 or 'j ,'wt\ ,i-?e .. 
@ bvl-\: -r~ SIMA.lie, bletck.. object5 c\o ll\<.rt' t'OW\e betc" .. , -+°IA~/ 

et-te. fer-W\tt1Ae1Atly re.V"bvtid., 

-;:::) T~1s c~I/\ ~e. se-e.11\, e.,,. 1 ilf\ +~e rtt c1·1Aj r+"'; pe ! li~J 
b\ett~ \"-\v\f S Ok t~ ca.r \"' -r 

~2• 
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4. 20 pts. Consider a 6 x 6 digital image I given by 

[211" l . [211" l I(m, n) = 4 - 1446(m, n) + 2 cos 6 (m + 2n) + sm 6 (-2m + n) , 

where m = column and n = row. 

(a) 10 pts. Find a closed form expression for the DFT I. 

No.lcef> f· 4,11.6 •. 4 »t; 4C6)(G) er {u,v)::: \44 t{UJV) 

Ntrte;p,4,l'll~ -144tCvYlih) ;?~"t -144 
Nu-\e':i f· 4,l't0 ~ '2 CDS: [ 1.1f ( t "I + ! f))] ~ l 1)(6)(6 )[o(i.t~ ~ v--2) + t (v.-tlJ v+i...) l 

• ..'2. -:::. 3b [J'Lu.-1,v-2) +J'(u.1-t1 v+2.)J 
Notei; r· 4.1'2.~. !:ii() [zlr( bm +tl\)1 PF'T . ll)(' VI) r ) )J 

J ~?- JU- ~)..b LJ'(i..\-'l;V-1-1 -t(u+-a;V-1 

-=-jlB [t(1A--z.1vtl)-ol~+1.,v-1)] 

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

space provided below: 

A. -~ -c. - \ o \ 2 
() 

v~ -3 -"2. -I O I 2 

-3 I\ ~ A A. fl.. A -3 6 0 0 6 D 0 
-2 ~ ~ -lof ~ {;\ A -2 D 0 0 0 0 0 
-\ 

I -
0 

~ ~ A ~ A I\ 

A A f.>.. () A P\ 

-\ 
+ j X 

0 

0 0 0 0 D 18 
D 0 0 0 0 0 

A A Pi. A ~ A 0 -18 () 0 0 0 
1. A. ~ ~ fx -1oi f"- 2. 0 0 0 0 0 0 

A~ -\4-t 
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5. 20 pts. Draw lines to match the images with their log-magnitude DFT spectra.
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