
Spring 2019 

Dr. Havlicek 

ECE 5273 
Test 1 

Thursday, March 28, 2019 
4:30 PM - 5:45 PM 

Name: SOLUTlo N 
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 honor1 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 

X 

X 

X 

<HI MY} 

(a) 2 pts. Magnetic Resonance Imaging (MRI) is a type of 
trans~ssion imaging. Notes p. I, 'Z...l}-

(b) 2 pts. Binary morphological erosion and dilation are 
inverse operations. No-te~ P· ?.. '1 Y 

(c) 2 pts. Blob coloring is a simple method for generating 
the histogram of a color image. Note.( f, 1,40 

( d) 2 pts. The binary OPEN filter removes small holes and 
gaps better than the binary MEDIAN filter, but not ob­
jects or peninsulas. Notes p, '2, gg 

( e) 2 pts. The binary OPEN-CLOSE filter tends to link 
neighboring holes together. Nute, f, 2. 91 

(f) 2 pts. For a given structuring element or window, the 
binary Median and Majority filters are identical. Note~ f• 2,gO 

(g) 2 pts. The full-scale contrast stretch is an example of a 
geom_)(ric image operation. N f.1rt?S' r. 1 . I 4 

(h) 2 pts. The 2D centered DFT is useful and intuitive 
because it displays the hig~t spatial frequencies in the 
center of the DFT magnitude image. NtJtPc;; f · 4,"IOJ 4.i.3 

(i) 2 pt. Any real-world image is approximately bandlim­
ited. l'lot~s p. 4.1\5 

(j) 2 pt. There is a critical national emergency on the south­
ern border. 
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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 :s; J(i, j) :s; 15: 

15 14 13 14 

10 12 9 0 
I -

10 9 12 10 

9 11 15 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. 

\5 l'2 10 /2 

K-
~ 9 3 0 
b 3 9 6 
3 7 15 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) II l I O IO I 3 I 01 °13 I I IO I 21 I IO I 2 I O I O I 3 I 

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

IS \4 13 l4 I b,< 
Ha 

l. =-
ID l'Z. ? 0 

ID 9 12 10 
7/Jt, 

71,~ 

~ II l5 15 44, 

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 I 12 I 13 I 14 I 15 I 
F~,... I~ H(k) \ 0 0 0 0 D 0 0 0 3 3 \ 2 \ 2 3 

p(k) 1/ib 0 0 0 () {) 0 0 0 3/i~ 3
/ib \,ftb 1/,b 1/ib 2,-11, 31th 

P(k) \fib ½h ~h 'lit ytb 11b ½~ ~b ~{, ¼ "'41, ¾, l~b '½b '¾1, l¾k 

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 

f"" k ·. 
H(k) I a C 3 0 0 3 I 0 2 I 0 2 
p(k) 

P(k) 

\<=- fSC5(J) 1 f 5C.S \'5 1i~e,l/\ OI\ t-.lbkt!ls. p• ~- \5"; 

~= fi\,~(1): 1fih 

e., = V'l\~x Lr) :: 1
~1, = 1 

K-= flo. :P'" y le 11ets = 1 h 
l~-1 -=- 15 

0 0 3 

\5 

l<- =- b 
~ 
3 

\31, 
lk 'x Ila '¾ lh 

''¾ lb 4Ah ½h 
1/,,b 'o/,, ..,ij~ 

o/,b H,t, 
It 1t46 

12 10 /2 

9 3 C) 

3 9 ~ 
1 \5 15 

JlM>t>) \< {~11\) 
~ 

'lu. 0 
4/ib 3 
-

~ ,1,, 
16/u, l 
lt'/(t 9 
1 'l1b lO 
1'3//0 12 

-lh//t, l5 





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 
7 




