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

TRUE FALSE 

x 

x 
x 

x 

x 
Ri d\cvlo~L' 

(a) 2 pts. The main reason that the AVERAGE, MEDIAN, 
CLOSE-OPEN, and OPEN-CLOSE filters are all good 
for denoisingis tha~ they all have low pass frequensy 
respon~s. 4- f\)VI'\ \;!f\t!O+r:: rtf) -(!i~ g. r;~" p, -

(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. N01:e-~ f· 1£7 J' 

(c) 2 pts. For a grayscale image that is not constant, repeat
edly applying a DILATION filter .:villreduce the entropy. 
Cre~+e.s Ct:ll\~~4i!t!+ ~ {;il,«"t a. COI'IJ+dHlr 'tMtf~. 

(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. Nate, p. 51 44 

(e) 2 pts. In image processing, high pass filters are typically 
used to enhance details and to remove blur. N (; +-es f' 

(f) 2 pts. The main advantage of the Laplacian-of-Gaussian 
(LoG) edge detector is that the Laplacian operator is less 

94 

noise sensitive than the derivative operator found inthe f\J, -t 
gradient-based edge detectors. ::r>t'5 "::to"'!:. ~e)ll{';-f",e- rJ e 5 

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

f- 8,72.. 

and OPEN-CLOSE filters is that the OPEN-CLOSE fil- I ~ 
ter does not eradicate negative impulses . .;t.+ er'tu;l) (A t·t",! £'4 • 

~ 0 t't: S p. G. J 1 

(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. ~ote.s P' e . .38- 9,'42 

(i) 2 pts. Best paper awards at the 2015 IEEE International 
Conference on Image Processing (ICIP) will be presented 
by Lena Soderberg, subject of the famous "Lenna" image. 

(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. 
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2. 20 pts. The 4 x 4 image I shown on the left below has 8-bit pixels in the range 

o ::; J(m, n) ::; 255. This image is transmitted through a communication channel 

where it is corrupted by IID additive white Laplacian noise with parameter (J" = 4. 

The received image J is shown on the right below. 

30 ~"2. 29 35 
32 32 32 32 30 35 30 32 28 35 

120 120 32 32 ~S 3h 125 134 39 36 
I J 

120 120 120 32 117 115 107 27 21 

120 120 120 120 123 120 122 119 

1~'3 \7£' 12"2. It)i 
(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 I in the space provided at the bottom of 

this page. Handle edge effects by replication. 

No-te, p. 6;'~: 

"" ~D tAtJ I! bes-t +~ .. B 
L.f!ul' 11\ r'tO\S'e, 

Note: Work space is provided on the following page. 

(b) 5 pts. Compute the ISNR for the de noised image. 

-:IS N R. \s J,(1 (,'~ecl O;f\ V, S' ,liS 0 f ii1e, S 

MS £l:;) _ SS7I!1:~ 
XSNR.( i):: IOkl~!O M5E(~) - ID1.Oj,o 34-lllb 

::: IOQOjf() Lb334 ~ 2.1110 dB 

Show the denoised image here: 

30 32 32 35 

~ 

I 
\25 US 39 3,6 

\\1 \\1 10l 36 
ISNR = 2. I 31 0 d B 

t2') IlO f20 

'" 
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Work Space for Problem 2 ... 

fl\S£ l) de+'il\eJ. OV\ fq~~ 5". \\4 o.f +4e vw+es~ 

M S r. L T)::' k ~ (J - I.) 1 :: 1'~' r; 57 ::::. 3 4, l> 12 5 

Ms~d) '" ~'[Ct,:"1.)L ::; h' 341 ~ 21.3125 

-2. 0 -4 3 4 0 If> 'j 

J-~ =- ~ 14 1 4 2-
(X-I): zs I~b 4~ 110 

-3 -5 -13 -s 9 15 lb9 25 
'3 0 1 -I 9 CJ 4 l 

-1 0 0 3 4 () D J 
5 -5 1 4 
-~ -3 -13 4 

" )'"'2.-(:r.-1. ::. 'lS '2.S 4Cj Ito 
9 9 \b9 lh 

3 0 0 p' 9 0 0 \ 
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3. 20 pts. The grayscale image I has 4-bit pixels in the range 0 :s; I(m, n) :s; 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 B 0 I(i, j) = {1, 7, 15, 5, 9, 3, 12}. Apply 

Delman's bit-serial median filtering algorithm to find the median. 

De.\lMCt~S cdj01'~"'H .. \V"\ tS Jesc~beJ C'n p&1~,es " .. 55" - 6;)[3 a-? tl1e t\~t;. 

Ori9 in«1 J)a.ttl i 

0 0 a \ 

0 l 

0 0 \ 

\ 0 0 

0 0 , 
\ 00 

IAClJor; +1 ~ 0 .... • ... 

Se.C()"c\ C ~.H\,e ~ 

() 000 

o 
\ 

o 

o 

, 
, 0 I 

J 1 I J 
I o 010 
1 

, I I t 

M~.D IAIJ :::: 

Firs+ Ch. t. nje ", 
-

0 

0 

a 
\ 

0 

0 0 

l 

\ Q t 

o , 
I I I 

4 M~i()(tf1 ~ 0 \ - -

Third Ch"V\1 e: 

o 0 0 0 

o , 
I I 

o 00 
I I' 

o 0 0 0 
I I I 

7 CJ I I I bil\t(~y ::.. 
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4. 20 pts. Gray scale digital images I with 3 bits per pixel and gray levels in the range 

{O, 1, ... , 7} are modeled as coming from an information source with the following 

source symbol probabilities (normalized histogram): 

\41.1 ~ f~(., II' CDth!A~ is 
t>,-pltll'l\e& Il'\ tiAe ~crre~ 

on fGi~~S 7.24 - 7.2.9 
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(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 (compression ratio) for 
the coded images C(I). 

~ T~e c,dculkt(CV\ ..tor I5fF ot +ke c.oJR& I~Ct~e ,<;; 01\ V'\~.{ p. 7.24. 
I 

ceded BPP:, z:. F:r. (Ic.) L [cL t) ] 
~:""o 

= ~'7+k.c.,r t·5T-k;·4+~·I+/t;·z'" i·3f-if·7 
_ 2+ (P.J...i- +f.. ..J..l+& +.1...J.. ~ 
- '4 ~ T 3'2.. i (p I 2 ,sIP 8~· ~ 

_ :l- + b 5' 4 \ \b 3 , 
.. Z Go ~2 ~;. .fa -:;.- ..j. - +- - + ~ + -r T ";t"'" 

~ ';) 'k,'" 2+ 2. :2·3 2 2-

1 • 31. + 6 .. 24 + 5·2· 3 2 + 4'22
, 32. + 2 '5,:;2. of- lb' 24- + 3. Z3.. 3 '2 + 7. 3 '2.. 

- ----------------r~~----------------------2 0 # 3~' 

_ ~'3+.9, 1" 9D-f144+Z88+-2.56t-2 Ib+t,3 
... ..,.... ::: 

£7' 

( c) ~ pts. Does your code achieve the theoretical lower bound on BPP for the coded 
Images? Explain why or why not. 

NO , ----- (i("t h01- 'lVd-ejer ?OWUS oC: 2 .. 
(re~ '(\o+e~ r' 1.'2.~) 
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