ECE 5273
Test 1

Wednesday, March 25, 2015
4:30 PM - 5:45 PM

SOLUTION

Dr. Havlicek Student Num:

Spring 2015 Name:

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:




1. 20 pts. True or False. Mark True only if the statement is always true.

TRUE FALSE
F (a) 2 pts. Positron emission tomogrraphy (PET) is an ex-
ample of@mission)imaging. No¥es pr 24
l:- Ab Ssorp +ion
(b) 2 pts. In the projection equation, the focal length f is
the distance from the lens center to an object in the real
world that is in focus. Pistane from image plane +v leas
T Nutes p 134
(c) 2 pts. For a binary morphological filter, the main reason
that we usually choose the reference point to be the center
of the structuring element is to ensure that the output
image is not shifted relative to the input image. No+tes p- 2.6l

T (d) 2 pts. The binary median filter is self-dual with respect
to complementation. Notes p. 2. D0

F (e) 2 pts. The binary OPEN filter removes small h%lés and
gapé better than the binary MEDIAN filter, but not ob-
jects or peninsulas. Notes p- 2.27

(f) 2 pts. Run-length coding is a powerful compression tech-
nique that always reduces the size of a binary image. Nutes p 2.102

(2) 2 pts. If two images have the same histogram, then they
are identical up to a linear point operation. N¢tes e 217

AR e A I R 1

(h) 2 pts. The DFT of any real-valued digital image I is
@symmetric. Conjugate Symmetric : Noteg po 432

T (i) 2 pts. For a practical digital image I, the 2D DFT Tis
given by equally spaced samples of the DSFT Ip. Notes p- 4.1 08

F (J) 2 pts. The famous Lena image is actually a photo of OU
president David Boren from a Halloween party in 1961.




2. 20 pts. Consider the 4 x 4 images I and I’ shown below, where the allowable range of
gray levels is 0 < I{m,n), I'(m,n) < 15:
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Construct a new image K by applying the histogram matching algorithm to shape the

histogram of image I, where the desired shape is given by the histogram of the image
I |
Show the new image K and its histogram Hyg in the spaces provided below.

For this problem, you are not required to perform a full-scale contrast stretch at the
end.
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Work space is provided on the next page.



Workspace for Problem 2;:
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3. 20 pts. The 512x512 gray scale image I; shown below has 8-bit pixels. This image
was thresholded to obtain the binary image I, which is also shown below. In I, the

pixel value 255 (WHITE) represents LOGIC ONE and the pixel value zero (BLACK)
represents LOGIC ZERO.

Three binary filters were applied to the image Is:

e a binary morphological OPEN with a 5x5 diamond-shaped structuring element,

® a binary morphological CLOSE with a 5x5 diamond-shaped structuring element,
and

e a binary median filter with a 9x9 diamond-shaped structuring element.

The three resulting output images J; - J5 are shown on the next page.

(a) 15 pts. Determine which output image resulted from each filtering operation.
Explain your answer.

(b) 5 pts. Explain why a structuring element size of 5x5 for the binary morphological
OPEN and CLOSE filters was compared to a structuring element size of 9x9 for
the binary median filter.
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Problem 3 cont...

Small white an4

—

.,“; 'l:» 3 . "-y ‘
\ Ll-‘a’,"‘ Sttuctyres

are kijled ;

LAl

=

Swa il blaclc
St ’Jf’.".)f-{"r‘)

rewain

Swall white

Skrucruves
ave killed

2

oPEN

(space for your answers is provided on the next page)



More space for Problem 3:
A) TnJ), smal white gheucruves lilke lines on the wedl, a spat above the eye, and horizpmtbs)
steipes atthe rigutedqe of +he imuge are all preserveds But swel bleck shruetores e
hefon the wail aud iy contoors @ round the eyes are killed. Thi Is becavse biLaTE
WAl done &iesdy 01,0004 by ERODE. The dilation lulls small black Stryetryres gud they

Are MY regpred by the erosicn. Small white Struckores are. enlerged by the dilaticy
and +hen returned Lo Their approximate oriyine 3285 by te evwsica,

—> J; Vs cLosg |

T Jay any small strocture iy kitted, Trdoesatt mate e 16 i 15 black or white, This
Sthe action of the binary MEDL AN Filer,
—y Ja s MEDIAN |

Tn J:a; smell black skructures like lines on tue wall and thin entoyrs arowd The eyes aw
Prejecued. Small white structures like lnes ontne wall and ¢ spot abpve He ey ave K'led.
This iS¢ betavte EROGDE wes dene Liesd, The EVoSien le/lls swall white Stvuctores avd fke;/
are pot restured by dilafen . Swall blale stpebaves qee enlacged by the evosion aud
Tren returaed Ho thetr gpproxivute orginal sizes by the dilatiea,

< Let FooPeEN(To,R) = biLate [erne (T R), B .

5) The S'h*uc-l-wm_t) - Let K= ERODE( == R).

Elewent; )
(W; ) - Then T = OPEN(Z2,B) = DILATE(K, B),
-2, |
(-lrl)(;‘(,@) ("1) |) - Eadn F.iXel l<(Ml’\) IV\’Jl')/!& ERODE;D }Mage K (gﬂ‘l“’a_w\s
( -'L)(O)"|)(0)D) (os1) Loi2) contribution Frem pixels To (m-z,n), T (mt2,u),
? (=0 10) (L) Talvn-2) and Tolwinez) inthe orminal T, iwmese.
I Lz‘jo) - SivnE\ar?y) each pixel T(min) tn +he OPENEY) imeaqe Coutaing

CATVIbticns frun pixels K (me2,), K (w2, ), g ie)
avd ‘((M;VHZ) in ~the ERODED image K. /
- But |<(m~2,n) contuing a conteibution Lo I7_(W\~4-,n)‘ And K (m+2,n) contaius
2 contribution Lovmn I, (oo 4,n ), Likewise K 0-2) containg a contribotion S
Lol n-4)5 and K, nt2) ontuins 4 contribution Prowm Tp (w, nt4),
- So,ovevally pixe) (mim) 1n the OPENEYD waqe T has comtvibations Lo T (-4, ),
Ia lmrdyn) , I, () W‘4)} and T, (w, nta )y the original I lmag€.

= Theg, the EFFECTIVE utial exteur ot thue ovevall aPEN Litker 15 lLike a
%9 diampnd ghaped Stroeturivg elewend,

— Since the binary MEDIAY Eilter mw}v%“”)y @ sagle pass o€ the shrucunivg
element, it is he@ssary 4o use 4 9x9 sHroeturivg eleweut with MEDIKN Yo obtuig
aLilter that 5 dicecrly compuruble +o +he OPEN “aud CLOSE, 5o Pt Pixel (nen) 1y 4e
MEN/AN Filtered vwage alio depends on Talmdn), Telm=4n), Tolw, h+4), Gud Tz lm, n-4).



4. 20 pts. Consider the 256x256 sinusoidal grating image I shown below:

L_ 1
\ 2 3 by WETS
The value of the pixel in the upper left corner of the image is 7(0,0) = 1.0.

Write closed form analytical expressions for the image pixels I(m,n) and for the DFT
I(u,v).

Sinee T(00)=A, it s a cosve  image.

T(mn) = cos 256<3V"‘*5“)] //

Notes, page 4,125+

2

Yiuw) = 28 [8(0-, v-5) + 8 (urs, ves) ]

32,768 [ 5 (u-3, v-5) +3(ut3, wg)J //

{
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9. 20 pts. Draw lines to match the images with their log-magnitude DFT spectra
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