ECE 5273
Test 1

Thursday, March 24, 2022
4:30 PM - 5:45 PM

Spring 2022 Name: 9 0OL UT|O N
Dr. Havlicek 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 thet I have neither gwen nor received inappropriete aid in the aompletion of this test.

Name; Date:




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

>< (a) 2 pts. Medical imaging techniques such as ultrasound
sonography, MRI, and X-ray radioclogy are examples of
absoprtion imaging. Notes ppe V.23-25

X (b) 2 pts. In the pinhole camera model, the focal length is
the distance from the lens center to an object in the 3-D
real world that is in focus in the image. Notes P pr L34 J .35

_X_ — {c) 2 pts. For a gray-level image I, the histogram Hy con-
tains only first-order information about the pixel values. Netes P 2.17

X

(d) 2 pts. The binary median filter is self-dual with respect
to complementation. No-tes p» 2.0\

(e) 2 pts. Histogram equalization is an example of a non-
linear point operation. Nu%2§ p- 3.27

- _X (f) 2 pts. Geometric image operations modify the image
gray levels, but not the spatial positions. Notea P+ 3 89

_)L — (p) 2 pts. For any practical digital image I thet is real-
valued, the 2-D DFT I is conjugate symmetric. N otes P 4.5 b4

X (h) 2 pts. For any practical digital image I that is complex-
valued, the 2-D DFT I is periodic. Netes p+ 365

X (i) 2 pts. For any finite-sized digital image I, the 2-D DFT
1 is given by samples of the discrete-space Fourier trans-
form (DSET) Ip. Notes p. 3.108

ov my )

(j) 2 pt. Vladimir Pulin secretly likes to wear women’s
underwear.



2. 20 pts. Consider the 4 x 4 image I shown below, where the allowable range of gray
levels is 0 < I(%,7) < 15:
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Construct a new image K by applying the histogram shaping algorithm to make the
histogram more “U-like.” The desired histogram shape is given by:

 k 0[1]2[3[4]|5]|6|7[8[9][10|11[12]13[14]15
Hi(k) |3|2|2 1|0|0|0|0|O|O|O O |1 2|23

Show the new image K and its histogram Hyg in the spaces provided below.
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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 L, the

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

Three binary filters were applied to the image I:

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

e 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 cach filtering operation.

Explain your answer.

(b) 5 pts. Explain why a structuring element size of 55 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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(space for your answers is provided on the next page)



More space for Problem 3:
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4, 20 pts. Consider a § x 6 digital image I given by
I{tm,n} =2+ §(m,n} + cos [?g(m + 2n)] + sin [?-E;I(—'Zm -2 ]] .
where m = column and n = row.

() 10 pts. Find a closed form expression for the DFT I.
Netes p. 4\2by 26 2626 S(wv) = 728 (nv)
Netes P Lo fSlmn) = 4.
NoXes p. 4.128 4 ¢o¢ ["L_'g (Mt2n)] & Lib [y v2) + (utt, vez) ]
= B[ P(u-yv-2) + S(urly vr2)T]
N 3546 Cdlu-2yv-2) = F(uwt2, v+z.)]
=180 (u-2, v-2) P (ur2, vm.)]

Noteq pe 4,129 sin [ (-2m-20)]

(4}
\f&v} > 'I?.d"(uqv) +4 + \8'[6‘64-\;\'-2-)—1-6‘(!&“)\:*2)] *J\a‘\:d‘(u—z,u-’z_)— d‘(mz,v-t-z)i)

(b} 10 pts. Show the real and imaginary parts of the centered DFT array in the
space provided below:
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5. 20 pts. Draw lines to match the images with their log-magnitude DF'T spectra.
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