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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. If two digital images have the same histogram, 
then they are identical up to a point operation. 

(b) 2 pts. If two dIgital images have the same histogram, 
then they also have the same average optical density 
(AOD). 

(c) 2 pts. For histogram flattemng (equalIzation): it is im
pOl'tant to define the reference pomt to be the center of 
the window so that the output image is not shIfted. 

f· 3.'38 
l. +here Ie; 

vtl> WiAJbV) 
(c) 2 pts. Frame dIfferencing is a simple but effective tech- \?"p. 3, 5~) 3 })~ 

nique for smoothing noise in digital video frames. I 

(e) 2 pts. The binary CLOSE-OPEN filter removes small ~. 2. 91 
structures without affecting size. 

(f) 2 pts. The mam purpose of the binary CLOSE filter r.> '2 S 8 
(whIch performs dilation first) IS to enlarge the objects I' , 
in an image. 

(g) 2 pts. The dIscrete-space Fourier transform (DSFT) of 
the zero padded Peppers image IS conjugate symmetnc. 

(h) 2 pts. If Ie is a Gaussian optical image, then the dIgital 
image I obtained with a digital camera is aliased F' 4, \ ~ 3 

(i) 2 pt In the "pinhole" camera model we have used, 
straight lines in the 3D world always project to straIght 
lines on the 2D focal plane. 

(J) 2 pt. Trump got more votes than Biden. 
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2. 20 pts. A scene consisting of a black trIangle agamst a whIte background is imaged 

with an ideal pinhole camera haVIng a focal length of f = 35 mm. The world coordi

nates (X, Y, Z) of the three vertices of the triangle are given by 

PI - (0.0 m, 1.9 m, 1.3 m), 

P2 - (-0.2 m, 0.2 m, 1.1 m), 

P3 - (0.4 m, 0.1 m, 1.2 m). 

Find the area of the image of the triangle that is obtained on the camera focal plane. 

Hint 1: note that the focal length is given in m'l,llimeters, while the world coordinates 

of the vertices are given in meters 

Hint 2: the area of a triangle with sides of length a, b, and c is given by 

A = Js(s - a)(s - b)(s - c), 

where s = ~ (a + b + c). 
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More Workspace for Problem 2 .. 

® ~.. 6 =- J ("X.z." A3)2. + L'jz.-js)2. \ 
~\ 

:: J( ... 0.00 '3 ''36'+ - "", /I" (, 7 )2. ..,.. (O,OO~3~gb4- - (J. ()02 "" 7)"1-
.... -:-1, -::" J-c- lB. ~()5 )( LlJ.-3)2 + ( 3, 4-4-{, 97 ')<.ID-~ )2. 

C :: J (')I.I ~ lts yz. -r L'j' ~~,)z, I : J(O - o. ell', 7 t + (O.O'$IIS38-C.tJ02'/I&'1f 

:: J (o.oUM.? )"2.-+ ( 't&. 2'572 ~/()'l )i: = J \~". III )( 10·" + 2.32 ,e3lC 10.3' 

= J 204'~ ,+ x 10·3' :: 49. '2e, x ID-3 

® Fi'l\~ 1\ \"""'e.~ ~t- ;!tM.et..je.; 

S ~ t(a. + b +c.) = iL tS, 24- X 10 .. 3 + IS.3"SXJo .. 3 
..,.. +~,'2B)<,Ui"3) 

:. ~ lit 3, '22S x lb "3) ::... 5'b. ~~2.4-)G 10"3 

J '/2-
~ '" [5 [S-iA)(S - b)(s -c.) -3\ 

- 24-XI,,-3)(S'.'124 X 10-3- /9,,1'5.681(10 .J 
,. U'".'12if.xtO<3 (SI.. 6La4)(lo<3 - 4S. ><.( S'."2+)(1 b-3 _ 4-9. ':zS l(ID-3) 1 'h. 

, .. ~)] '1~ : ~ 5,.' \2.4)<. \0-3 (J \. ~ 12.4 X It.f3) ( 3~.:2 S 56 x{f) "'3)(""" e, t 3)(. (0 

.. , '\ \/&.. 
~ L \'72.()2..+ )( \0 .) 

- ~ 1-
:: 414.756 '1..10 m 

---------------~ 
~ 4\4.158 xtD-

6 
fY\'-

4 





Workspace for Problem 3 .. 

- T~.e... s+ri\,eG OV\ his tie.. Ct;r-e. p\e.~e.rll~ \V\ ~e .fd-teu-~ 

\ W\~e :r 2.. "~et 0 re. elf) \a.\['jed b y -tke cl:l t &L t 1CJV\) b IA. + -the..V'\ 
t~e.. ero~\01\ re.ivln\.~ t~tM -tD t~e\v- or-~ i t4l,,-J 'S '''l.eS'' , 

The. j tiLfS be.--twe.eV\ h ~ S ~\ If'Ij e~~ (). I{' e 0 b It +eV'~ .. :\red ~ y -t1A~ 
d~\~-t'(&M. 1~e...y-e..Qore ..Jr'ke.j CCtlf\V\01- be re~D~e&. '0, 
+ke... ef""()S'lcY\ t::tf\& ~e.1 atl'e.. ct..'bsevrt -trG1W'\ ~e. -P-~ 1 t-e.!feo( 
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4. 20 pts. Consider a 6 x () digital jma.ge T given by 

T' \ I ."\.r ' \. .[21f' ( .)1 . -1

27f (2 ' -j 
.l tm , n) = L~ - L;utm, n) T cos 6,m. T n J + 8m ~ 6 - m + n) , 

whBre 7n ::: column and n ::: row. 

(a) 10 pts. Find a closed [or.Ln expression for the DFT 1. 
Dr;T 

Notes f. 4~12' ~ 4 (-) 4"~"h G{tJ.1V)":! 14td'{(A.}v) 
N6-re~ p- 4. ('2.7 ~ -2o(m,1l) ~DF~ - 2 

Notet;; p. 4-.(Z~: Cos [~lM 1'11\) 1 ~I)Ff) L t) l~-') [ t ( /A-'; v-f) ;- et (fAi ~ Vi"') J 
-:: \ &[0 (l.l-\J v-I) +O(c"t+ljV-tl)j 

Mute~ ~. '4.l2': 51'1\ [¥' t-2W\-+~) 1 ~ j C:t)(e;, .. ,)[ o( u.-l) V-H) - cS'(u.-r2, v-t)] 

::. j ~[olu..t2.) V1;-t) -- cfLLt~2) v-l) J 
-----------------~~=-~~--~------------=-------~ 
:l:'.LI"l/V) :::. I 44-SLu,1i ) -2 i" 1&[Hu.-I, ,H) -1'& (tJ,,"\,\) V 'I" I)) -t-j \~[. (1).-2, V+l)-8(u.-tL) v-,D 

(b) 10 pts. Show the real and imaginary parts of the centered DE"r anay in the 

space provided below: 
U ~ 
-3 -2 -I 0 l 2 v -3 -Z-I 0 , '2 

-1 "2 -1 ... 2 -'2. ... 2 -3 0 0 0 0 0 0 

-2- -z. -'2. -7.- .. :2. -2 -2- 0 0 0 0 0 '-' 

I -
-'2. -2 \b -1... -1.. -2-

-2 '!!2 -'2. \42 -2 -"2. 

-t 
..L j x I 

6 
0 0 0 0 () \8 
0 0 6 0 6 0 

"''2. -'l. -1- ... 2 \fl -'2. 0 -\8 0 0 a 0 
-'2. ... 1. -2 -2 -2. -2 () 0 0 0 0 D 
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