ECE 5273
Test 1

. Monday, March 6, 2017
4:30 PM - 5:45 PM

Spring 2017 Name:_ 9 OLU TION
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 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.
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(a) 2 pts. Magnetic Resonance Imaging (MRI) is a type of
emission imaging. Notes p- .24

(b) 2 pts. In the “pinhole” camera model we have used,
straight lines in the 3D world always project to straight
lines on the 2D focal plane. Notes P .47 -1, 48

(c) 2 pts. The binary dilation filter and binary median filter Notes
are dual operations with respect to complementation. P 2.7, 2.9

(d) 2 pts. The binary majority filter generally removes small Tb\ey Gre the

objects more effectively than the binary median filter. Seewmé.
Netes p. 2,80

(e) 2 pts. The binary CLOSE filter removes small holes
better than the binary median filter. WNo+es P 2.92

(f) 2 pts. The binary OPEN-CLOSE filter tends to link
neighboring objects together. Nep+teg P 2.9\

(g) 2 pts. Run-length coding always reduces the amount of
memory needed to store a binary digital image. Nptes P- 2.10%

(h) 2 pts. For histogram flattening (equalization), it is im- T4 i¢ g PD'M‘\-
portant to define the reference point to be the center of operatien .
the filter window so that the output image is not shifted. =thevre is o
Windpus.
(i) 2 pt. Histogram flattening (equalization) always results
in an image with a perfectly flat histogram. No+tes p. 3.4.0

(j) 2 pt. Every international student should take ECE 5273
so that they can avoid being affected by the Presidential
travel ban.



2. 20 pts. Consider the 4 x 4 image I shown below, where the allowable range of gray
levels is 0 < I(3,5) < 15:
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Construct a new image K by applying the histogram shaping algorithm to make the
histogram more “V-like.” The desired histogram shape is given by:

|k JoJi]2|3]4]5]6]7[8]9]10]11|12]13]14]15]
Hig(k) |3|0[2|0|1(0|1]|0[|0|2|/0| 0|3 |0]|0]|¢4

Show the new image K and its histogram Hy 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. Consider the 10 x 10 binary image I shown below, where BLACK = LOGIC
ONE and WHITE = LOGIC ZERO.
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Apply 4-connected blob coloring (connected components labeling), blob counting, and
minor region removal to form a new binary image J.

Note: here, you are mot being asked to apply blob coloring a second time to the
inverted image.

Note: intermediate results are not required; however, they may be helpful for award-
ing partial credit in case you make a mistake.

Show the new image J in the space provided below:

There is work space on the next page if you need it.



Workspace for Problem 3:




4. 20 pts.

(a) 14 pts. Consider the 256x256 binary image I shown below, where WHITE =
LOGIC ONE (object) and BLACK = LOGIC ZERO (background).

@QSPJ Binary OPEN-CLOSE and CLOSE-OPEN filters were applied to this image with

the structuring element SQUARE(9) shown on page 2.54 of the course notes. The

resulting binary images J; and J; are shown below. Tends o Linke _
neighboring {)L;jﬁ 11
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Problem 4 cont. ..

Determine which output image resulted from each filtering operation. Briefly
explain and justify your answer.

J - CLosE-OPEN (T, B)

J, = OPeEN-cLosE (T B)
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Problem 4 cont. ..
(b) 6 pts. Show that binary OPEN and CLOSE are dual operations with respect to

complementation.

Hint: it is stated on page 2.77 of the course notes that ERODE and DILATE
are dual operations with respect to complementation. Use this fact to show that
CLOSE[NOT(I)] = NOT[OPEN(I)].

cLose [NoT(z)]) = ERODE { DILATE EMOT(I-)]g

= ERODE { NOT [ERODE (I):l}
= NoT {D\ LATE LERODE (I)-l}

NOT [oPEN(T) ] v
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on  pages 2.7T7and 2.73 0% the
course noXes



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




