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

TRUE FALSE 

/' 

·v 

(a) 3 pts. For large window sizes, the median filter is almost 
always implemented by pointwise multiplying the DFT's_ (L I I 
of the appropriately zero padded Images. rv(fT L.I A.J /3. p,., J" 

(b) 3 pts. Special zero paddmg is needed to correctly imple
ment a zero-phase 2D LTI filter by point.wise mult.iplica
tion of DFT's. tJt>i"e.~ r. '5."1'2. 

( c) 3 pts. The key innovation of the bilateral filter is that 
the weights for neighboring pixels are computed using 
lum'tnance similarity in addition to the spatial distance 
weighting that is normally found in an LTI filter. 

(d) 3 pts. Baseline JPEG achieves image compression by 
peifollning lossy quantization of block DCT coefficients 
followed by lossless DPCM, run-length coding, and en
tropycoding. N()-tes f' 7.12. 

(e) 3 pts. The main reason for using normalized cross
correlation in gray scale template matchmg algorIthms 
is t.hat. t.he normalized cross-correlat.ion is not. affected by 
scaling and rotation. N (.I4"'es r f 8 .. t 2.) 3@ +S-

(f) 3 pts. The Laplacian-of-Gaussian (LoG) and Canny 
edge detectors are both based on the idea of finding zero 
crossings in the approximated second derivative of the 
image. Ner~ f~ ~!I&7j 8 .. a, 

(g) 2 pts. The acronym "DPCM" was invented in 2020 
by the US Centers for "Disease Control and Prevention 
as part of a social distancing campaign; it stands for: 
"Don't Pass Coronavirus, Moron!" 
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2. 20 pts. For the window (structuring element) SQUARE(9), give the order statistic 

(OS) filter weights (coefficients) A for 

(a) 4 pts. A median filter: 

-r 
A= [0000 rI 0 0 OJ 

(b) 4 pts. An average filter: 

A= 

(c) 4 pts. An OS filter to perform morphological dllation: 

A= l ]
T 

[ODOOOODO 

(d) 4 pts. An OS filter to perform morphological erosion: 

T 
A= [I 0 0 0 () 0 0 0 OJ 

(e) 4 pts. The t.rimmed mean OS filtel TM3 wIth Q = 3: 

A= [(/ 0 0 
,.!... L 
.3 .3 

4 

Sa~e....~S 

ItA h""l- .r ( '~r 

NvIr?s 
/,6.7 { 
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3. 20 pts. The noisy 5 x 5 image I shown below has 4-bit pixels in the range 0 ::; 

I(m, n) ::; 15: 

4 8 12 15 13 
11 15 4 9 4 

I - 10 5 8 2 13 
3 9 11 2 4 
2 4 14 4 15 

Denoising is to be performed by applying a median filter with tho window B = 

CROSS(5) shown here: 

B 

Use Delman's fast bit-serial median filtering algorithm to compute the filtered output 

value for the middle pixel (8) shown in large boldface type above. 

Note: you do not have to apply the filter at any other pixels! Just apply it at the 

center pixel only to find the filtered output value for that pixel only. More workspace 

is provided on the following page in case you need it. 

'N i V\d ow eA 5 e--t ~IS: 150:r. t '21'2.) =: {t) 5) E» 2) II S 
rr. ,,?s6- 6.;;8; 

(} t- \ 51vt~ I Pettet First C~"~e.... 'S~CtMa C~"\It~~ Th\~ C~~j~ 

0 \0 0 0 1 D 0 
0 t C> 0 () \ C) 0 

0 
I D 0 l 0 

0 l 0 I () 0 

000 
, I I l I ~ 

~ 

010 0 0 '0 0 0 0 0 0 0 0 
0 0 
t o ~ I I I I l I t I 

~1 yo 4i 

5 E~"'JU::' 0 10 " iD - V ..... 



4. 20 pts. The 256 x 256 image I shown at left below has 8-bit pixels in the range 

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

where it is corrupted by lID additive white Gaussian noise. The received image J is 

at right below. 

I J 

The following two filters are applied to perform denoising: 

• A 256 x 256 Gaussian low-pass filter with space constant (5 = 1.25, implemented 

exactly as described on pages 5.64-5.65 of the course notes, 

• A bilateral filter with Gaussian weighting functions having (5G = 1.0 and O"H = 

0.67. 

Identify and label the two filtered images shown below: 

B 'l ~'ttw&tl F r l·h9(", 

( fre~e.rve S eJ~e5..) 7 
v S ~ IV/V) Frlhr 

( b lv-rs eJ~e S) 
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5. 20 pts. Gray scale cligital images I with 3 bits per pixel and gray levels in the range 

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

source symbol probabilities (normalized histogram): 

k a 1 2 3 4 5 6 7 

PI(k) 1 1 5 1 3 1 3 1 
64 64 "8 16 16 32 64 64 

(j , 

(j .\ 

01 

o , 

0 I 2.. :3 4 5 b 7 
Ce);:.) I t 10 00 1100 I 0 11,0 \0 , lll6 116/ l t 'I I 
L lCCk~ 5 5 f 4 2. 5 4 5 
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Problem 5 cont ... 

(b) 4 pts. Find the expected BPP (bits per pixel) and OR (compression ratio) for 
the coded images C (I). 

.3 
13 fP[l) =- '3 0 ~ ~ ~ 
Bf'f(~) = srb:) + 5"( h) .,. i( U) -r 4( t+) 

C""~ 

~ ~ ~ 
+5l~) --rt{~ + 5C-A) 

5" + 5 -{- 4-0 t' I b +- 24- + 10 + J 2 +- 5 
)....- ..... 0: _~ 

((;'4-
..- } 17 

I~SZB 13 - - .... 
64 --

~~ ~ 

TSff{5-) - 3~C; 4- - 1~~4to3 BrfL~) - -ti, 
'. ~---

. ... ,..~ 

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

NO - SOW\e. 0+ -r"'-e S'1M bot P ('0 h~1; I i-h'e5 ..---:.. 
tJ{ 'f'e ~ \ V)i~ er r~wetr5 o~f '2 ... -

like.. 344 ; 
II 
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