
Spring 2020 

Dr. Havlicek 

ECE 5273 
Test 1 

Tuesday, March 24, 2020 
4:30 PM - 6:15 PM 

Name: __ s_o_L_U_T_f_o_tJ __ _ 
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. 

• You have from 4:30 to 4:45 PM to print the test. 
• Begin working the test at 4:45 PM. 
• Stop working the test no later than 6:00 PM. 
• You have until 6:15 PM to scan or photograph the test and upload to canvas. 

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 

X 

(a) 2 pts. Snapping a picture with your cell phone camera 
is an example of absorption imaging. 1~6-te.S ~. I /l-5 

(b) 2 pts. The YCbCr color space was originally used for 1'!v"te; 
1 

.., 

color TV so that black and white TV's could continue to f. l, /.9 v 
function by receiving and displaying the Y component. 

( c) 2 pts. The main reason that digital image processing is tJ<iteS 
useful in so many scientific fields is that an image fully : P . \ . ~ 1..-
captures all of the 3D information in the camera field of \ 
view. 

(d) 2 pts. The binary Dilation and OPEN filters are dual f\\u¾?_!> ii 
operations with respect to complementation. p· 1. · 

(e) 2 pts. The binary OPEN-CLOSE filter tends to link 
neighboring holes together. N o+e5 p. '2 • 91 

(f) 2 pt~ .. Histogram e_qualizat~n js p~n ex71;,Wle of a geo
metnc image operat10n. · f'l e 3 • G, ::> 

(g) 2 pts. Plasma and LCD displl:JS always require gamma 
correction. t,-J o+e 5 f • .3 • 'l. S 

(h) 2 pts. The DFT of any real-valued digital image is real 
and even symmetric. Ncrre~ F' 4. 5"J 

(i) 2 pt. The DFT of any digital image is periodic. t,1ofe5· t 4, 6,4 
(j) 2 pt. The COVID-19 virus was secretly developed by 

the Democrats as a way to defeat Trump in 2020. 
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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 ~ I(i,j) ~ 15: 

15 14 2 1 
14 15 2 1 

I -
14 2 1 0 

2 1 0 0 

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. 

15 /3 9 5 
K -

13 15 °) 5 
l3 9 5 0 
9 5 0 0 

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) 11 31 olol ol q41 ol oi 0141 DI o IO I 3 lo I 2. I 

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

!5 14 '2. I '¼ r~ 
l4 is '2. I L44 
l4 '2 I D I~ 

2- I 0 0 lJ;; /Jo 

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 

- r· tJ(" • 

H(k) 3 4 4 <) 0 0 0 0 0 0 0 0 0 0 3 2 
p(k) 3ft, ~ 44, 0 C, 0 0 0 (.;, 0 0 0 0 0 7/{, 'll/b 
P(k) o/ft, 74, ~¼'i % 11. '!1, U, ty;h '>11; 'Xi u~ ~o !.Yb 

1
X" rib 'lfb 'Ub 1)16 % 

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 

H(k) 3 0 0 () 0 4 0 0 0 4- 0 0 0 3 0 2 
p(k) 

P(k) 

15 
{3 
13 
9 

'¾ IJ,fb i1f1, 
l~t. l¼ lb 71-b 

l~b ¼ ¾'t ~, ¾ ~ 

13 9 5 
r5 9 5 
9 5 0 

5 0 0 

.J L M 1f\) ( ( fl'iJ") 
~ 

'3;h, o 
11(1, 5 

ltb 9 
\~h \3 

'1/,t I 5 





Workspace for .Problem 3 .. . 

Ji ,s CL.DSG: ~ For c~ofGJ -t-~ d ·,\ttt-rM ts dtM.~ .f ,'rs·+, ]1. ,5 

eY\~td·~e~ t~~ i ,f\e L Ob-ll - OAJ6 str1Al 1'vtV"e. of t~e +et-t+k-B-(] 

bvtt -tl,ie., rvwu.+-"' IS lo~+ ; l~e ~vt~';~~v..e V\-t ervr ic-V\ oeeir~t-r'tJV} 

r e+v, i\ ~ -the ~+v- !AC +iAtt.- o f Tke ~-et-\ t l.-, er +o a pp_rw riMt-1 te7 
, ts O'I' r'j iLI\'< l 5i ieJ b IA+ <a V\ \l\ t,,-/-- re to v e,r +~~ W"-0 :l.,{ t '1 , 

.r, lS OP£ tv . F't1~ 0 PG N1 +he e f'(.)5i et;'\ -, ~ p-eir f«w,~~ 

f;-rr.f. T~ e M t1t11 +-h ,eW'~;~ ~/ b vt + +\·V\ -e Lo 6- I- L- o Al b 

tf-rv1. t+v. re o.f t ~e -Pe~+~ e r- ts lo s+. T~~ d ,· I~ t- ,t.J/\ J's 

-then -p er t &1rwi eJ s~cf/V\ d , T~ ,'s re ~-tfl ve5 -f ~e. M PI/L f '1 · 
+o tt rp (' tr~,1W\tt Te ly if-5 0 r ,'3 illtt { S""i°t:e . 1-fvw e ve,,/ +~ e 

fi"e LO H CoN [ ~rurf1A. t"e o-f t'he +ec(+l,er- c-,vi ritrf 

be reU-o reJ I 
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4. 20 pts. Consider a 6 x 6 digital image I given by 

[27r ] [27r ] I(m, n) = 3 + 12J(m, n) - cos 6 (m + 2n) + sin 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: 
\). 

V 
-3 - '2. -\ 0 I 2. 

-1 11. 12, l '2. l2 \'2... iz 
- ?i --l - l 0 i 1. 

\/ 
... ~ 0 D C> D 0 (:) 

-2 12 (2.. -ro l'2.. 1?.. 1'2.. - 2 D 6 0 0 () 0 

I 
- ) l'l. l'2- l1... \1- n. (1.. 

-
0 \2 1-Z. I 1 \20 12. (2 

+ J 

.... 1 0 0 0 CJ 0 -(8 ·x 
{) 0 0 0 0 0 0 

I 12 12 11. 1'2.. 12 l2 I 0 18 0 0 0 0 
l. rz. I l1 /2 -6 ri.. 2 0 0 0 0 0 b 
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