ECE 5273
Test 2

Monday, May 4, 2015
10:30 AM - 12:30 PM

Spring 2015 Name:SOLUTION
Dr. Havlicek Student Num;:

Directions: This is an open notes test. You may use a clean copy of the course notes as
published on the course web site. Other materials are not allowed. You have 120 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

X (a) 2 pts. The main reason that the AVERAGE, MEDIAN,

CLOSE-OPEN, and OPEN-CLOSE filters are all good
for denoising is that they all have low pass frequency
responses. < Neningor = Ao ‘\f\rﬁ‘-§~ resp.
__—-—ﬁ A

X (b) 2 pts. The reason that differential pulse code modula-

tion (DPCM) is applied to the discrete cosine transform
(DCT) DC coefficients from each block in baseline JPEG
is to reduce entropy. WNotes p. 7.73

(c) 2 pts. For a grayscale image that is not constant, repeat-
edly applying a DILATION ﬁlter will reduce the entropy.

X Creates copctaont Llohs % Tiaally a conftent ventge.

(d) 2 pts. In order to compute the linear convolution of two
256 x 256 grayscale images by pointwise multiplication of
DFT’s, both images must be zero padded to a minimum
size of 511 x 511. MNeotes P 5.44

>< (e) 2 pts. In image processing, high pass filters are typically

used to enhance details and to remove blur. Notes p-

X (f) 2 pts. The main advantage of the Laplacian-of-Gaussian

(LoG) edge detector is that the Laplacian operator is less
noise sensitive than the derivative operator found in the
gradient-based edge detectors. Tt5 wgre sensitive-

X (g) 2 pts. The main difference between the grayscale median

and OPEN-CLOSE filters is that the OPEN-CLOSE fil-

5. 94

Notes p- 8.7.

P
. . . ) ; 4 gf!z'h .
ter does not eradicate negative impulses. Z+ eradicates
& pUises NoYes B .37

>< (h) 2 pts. In grayscale template matching, the maximum

value of the cross-correlation between the template and
the image patch that it covers is given by the square of
the template energy. No¥es p- 8.38- 8.

X

(i) 2 pts. Best paper awards at the 2015 IEEE International

Conference on Image Processing (ICIP) will be presented
! by Lena Séderberg, subject of the famous “Lenna” image.

Ridiculovs.

(j) 2 pts. Although homomorphic filtering has been legal-
ized in 37 states and the District of Columbia, it is still
against the law in Oklahoma.



2. 20 pts. The 4 x 4 image I shown on the left below has 8-bit pixels in the range
0 < I(m,n) < 255. This image is transmitted through a communication channel
where it is corrupted by IID additive white Laplacian noise with parameter o = 4.

The received image J is shown on the right below.
! 30 32 28 35

32| 32| 32| 32 30| 30| 32| 28| 35|35
120 [120 | 32| 32 \2S$|125 134 | 39| 36|36
b o 120 |120 (120 | 32 ! :7 117|115 |107 | 27|27
120 |120 120 |120 \23 123 [120 |122 [119 | '\ 2

~ 23 \ze 122 17
(a) 15 pts. Choose the best OS or morphological filter (MED, AVE, INNER_AVE,

ERODE, DILATE, OPEN, CLOSE, etc.) to denoise the received image by attenu-
ating the transmission noise. Use the structuring element/window B = CROSS(5)
shown below. Show the denoised image Tin the space provided at the bottom of

this page. Handle edge effects by replication.
Notec p- 6.68:

MEDIAN i< hest Lor 5
Laga%aae‘w poice.

Note: Work space is provided on the following page.

(b) 5 pts. Compute the ISNR for the denoised image.
TSNR & defined on g SIS of the pptes

MSE(T) 557/ 551
TSNR( Z) = 104edio gggy = 104eq0 s = 10090 34

=108, 16334 = 2,1310 d13

Show the denoised image here:

30]32)32(35
_ |15]u5[39(36 -
b W fion 36 mn = 2.1310 4B

1231120120119




Work Space for Problem 2...

MSE 15 defined onm page S \4¢ of the wotes.

mse (T) = Ly (J-»I)Z = 557 = 34,2125

L
b
- ~ 2(.3125
msg(3) = &3 (2-1) = .34 = 203
-2 0’43 4, 0 “)9
J-1= |51 14 (7-2f= | 25|19 4916
-3| 3|85 9[25[ 16325
3102 -1 Total]
Yo1= L5374 25025149 16
1"1‘“ 11)
S LI 9 9 [169]1



3. 20 pts. The grayscale image I has 4-bit pixels in the range 0 < I(m,n) < 15. A
grayscale median filter is applied with a window that covers seven pixels. For a certain
input pixel, the window set is given by Bo I(,5) = {1, 7, 15, 5, 9, 3, 12}. Apply
Delman’s bit-serial median filtering algorithm to find the median.

Delmans algorithm is descrbed on pages 6,55 —6,58 of The Notes
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4. 20 pts. Gray scale digital images I with 3 bits per pixel and gray levels in the range
{0, 1, ..., 7} are modeled as coming from an information source with the following

source symbol probabilities (normalized histogram):

HuCfmen coding S
explained th the nrteg k lo|l1|2|3]|4|5]|6]|7
on paqes 724=129 | w4 |5 | 3| 5

DO f
!
00 =t
l

36

(a) 12 pts. Design a Huffman code to encode these images.
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Problem 4 cont. ..

(b) 4 pts. Find the expected BPP (bits per pixel) and CR (
the coded images C(I)

—3 The Caf(u!a'{‘{m -ﬁﬁr’ B?F of +he Cade?CQ uw\age 1€ ON Wprteg P, 724‘.
1
Ceded 8PP = L PR L [el®)]

compression ratio) for

" ! 8 { L 7
L, tse|t=.2+ 53+ 4
= & 1t3z06% 32 5”75’1} 2/3 % B
=éz+%*,§i*f¢*z*3e+& o4
6 6 3 K
:3’.77 ﬁ“+'f§'+j4‘+':\z+2‘.3?-+23?17
2 2 52, .5 <2 4 332.,,7.‘32‘
1P w620y 52374 420354 2550 1 16 2Y 4 325
-7 28.3%
63496 T 904144 1208+ 2561216463 _ L2619 .,
- 5z 516 -~ 9
tBPF’.—_ ‘-gxz,mj
"-—> The calevlation Lo the CR TS ﬁ:‘vem on notes Pe 7.8.
fginal BPP ; 3 _ 5763 _ 9.3 = 27 ., i42”
_ 6\“\5 - = =2 . = ___? v |,
CR= deawep y2lb/S 2ih 1

et
S T——CS

(¢) 4 pts. Does your code achieve the theoretical lower bound on BPP for the coded
images? Explain why or why not.

NO . The Symﬁw\ probahilities Lo =l ond €25

— are not ‘w\,’feﬁer powers ol 2.
(Cee noes g 7.‘2"33



9. 20 pts. Consider the cameraman image I shown below.

The size of the image is 256 x 256 pixels and each pixel has eight bits. Five grayscale
morphological filters are applied, all with respect to the structuring element B =
SQUARE(9), to define five new filtered images according to

Ju = MED(,B),

Jz = ERODE(L B),
Jp = DILATE(,B),
Jo = OPEN(,B),
Jo = CLOSE(LB).

Label the five output images shown on the next page.

10
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