d'i\ccreq,-,

Benha University Department: Electrical Engineering & N
g 2
Benha Faculty of Engineering Time: 3 Hours. s | C)
2" Term, 2020/2021 BSc. 4" Year e o
Subject: Digital Image Processing and Pattern Recognition [E1528] o - g\@"
A “N)y- _l-,\\" . . o cuw‘\
samaanats  Examiner: DY, ﬂlymcm Soliman sleusiisnagallas=ag
No. of pages: 4 No. of questions: 5 Total marks: 90

Question @ (30 marks) (1 mark for each point)
Choose the correct answer:
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Question @ (20 marks) ((1) 5 marks — (2) 5 marks — (3) 10 marks)
1) Explain with drawing the intensity transformation functions? What is the problem arising from using full

scale contrast stretching?
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Input gray bevel,e ..

Then explain intensity transformation functions

The major problem arising from using full scale contrast stretching when using an image with big gap

which will increase using this technique.
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2) Draw and explain the block diagram of the histogram equalization algorithm.

T -

original image

histogram H(k)

cumulative histogram Q(k)

intermediate image

full-scale contrast stretch

hjstﬁgram—equa]ized image

Then explain the sequence of block diagram

3) For a 4x4, 4bits/pixel image shown.
e Find the full-scale contrast stretched image.
e Find the histogram equalized image.
e Draw the histogram of the three images and compare between them.
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(Hint: the equation of contrast stretch is S = round£(23 -1) '—m'"j)
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mie N

* First try: full-scale contrast stretch 7, =2 r_ =11

s A 'r_'r.-.l: 1 1: — -?‘_: | r -_:-I_, . ..I
s =rowd] (2° —1)- | =rourd 15-—— |=rownd —(r-2) |
\ P —Fa ) L 11-2) 3 )
2 2 round{0) = 0;
32 round(1.67) =2; 0101212
8 = round{10.00) = 10; The resulting [0 ]2 [13[12
o> ound1L6) =12 jmageis 0[2]2[1E
0> 333)=13;
Femnel o2 = 5 10[ 2 [13[15

11 2 round(15) = 15;
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REICIE Cumulative Histogram
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Full-Scale Contrast Stretch of Intermediate Image

2151212
intermediate |2 |8 [1412) . s =2 s _=1§
image 916|616
(86 (14186
B ' _ 5 e
s=rown] (2° -1) == |= rownd 15- = |= rowsnd —(r-12) |
e ) VT 16-2) (ST
2 =2 round({0) =0;
& 2 round{24.29) = £; . ole|1Mmnm
9 = round(7.30) = §; fﬂ?ﬂl result: o442
12 3 roumd(10.71) = 11 histogram s a2 =
; 7 857 =13 egqualized image
14 = round(12 856) =13; q & APREEIRE
16 = round(15) = 15;




Histogram Comparison
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Question © (10 marks) (2.5 marks for each point)

1) What is Padding? Briefly explain the three types of padding?
Padding extends the boundaries of an image to avoid undefined operations when parts of a kernel (mask)
lie outside the border of the image during filtering. In general, if the kernel is of size m*n, we need (m-
1)/2 rows at the top and bottom and (n-1)/2 columns at the right and left and the values these new cells
will take depends on the padding technique.

TYQGS

» Zero padding

*  Mirror (or symmetric) padding

* Replicate padding

nirast stretch h.istog:ltin-e qualized

Zero padding put zeros around all border image
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Mirror padding \; ‘;/7 1: 1/) \: \: i: \: 1:
Values outside the boundary of the image are obtained by mirror-reflecting the IR EEE

image across its border. ol el

Replicate padding o R A AR N ET A

Values outside the boundary are set equal to the nearest image border value. It is I

useful when the areas near the border of the image are constant. I EEEEEE
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Question @ (20 marks) (2.5 marks for each point)
For a 4x4, 4bits/pixel image shown.

1) Compute its 2D-DFT 1 3 6 8
2) lowest frequency component X = 9 8 8 2
3) highest frequency component |15 4 2 3
4) Real part 6 6 3 3
5) Imaginary part
6) Magnitude
7) Phase
8) Compute the inverse 2D-DFT
N 1 ~
hint: X = F,XF, szF,GXFg}
1 1 1 1 1 1 1 1
_|1 -5 -1 .11 j -1 —j
BR=ly 1 1 4 BF=1y 21 1 41
1 j -1 —j 1 - -1
;ggg 1 1 1 171 3 6 8|1 1 1 1
X = = |t =i -1 j|j9 8 8 2|1 -5 -1 j
5 4 2 3 K=FXFe=11 1 1 —1fls 4 2 3|[1t -1 1 -1
6 6 3 3 1 j -1 —ille & 3 3ll1 ; -1 -
21 21 19 1671 1 1 1
_|—4%-3 -1-2j 4-5 541 - -1 j
Y — —7 -3 6 (11 -1 1 -1
MATLAB function: ff2 _ar3 —1+2 425 s5—jll1 5 -1 o
lowest frequency component ———— ?_;\' 2-5 3 2+5)
9 y P - |3 —g 1148 —4-7 -5-4
Tl -13 -6+13 -1+ -6-13;

449 =544 —4+7j)-11-8

highest frequency component ————

Real part: 77 2 3 2
Imaginary part: 0 -5 0 5
X =| %, 11 4+ -3 ypEE —9 8§ -7 -4
B e A T Ximas =19 13 0 -13
4 -5 —4 -1 o 4 7 _8
Magnitude: Phase:
77 539 3 539 0 -119 0 119
% _|985 1360 806 64 Rpase = | 15 251 —209 —247
magnitude 13 14.32 11 14.32 31; 2.00 3.14 —2{5}0
985 640 8.06 13.60 11 247 209 251
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* Compute the inverse 2D-DFT:

1 1 1 1 77 2—5j 3 2+5 91 1 1 1
F*iF*—ll jo -1 —j||4-9 -11+8 —-4-7; -5-4j||1 j -1 —j‘
e T2l -1 1 -1ff -13 -6+13; -11 -6-—13||1 -1 1 -1

1 —j -1 jll4+9 -5+4 —-4+7; —-11-gijl1 —j -1 j
1 1 1 1 21 21 19 16

1 ;o -1 —j||—4-3j —-1-2j 4-5j 5+j

T4l -1 1 1 —9 —7 -3 6
1 —j -1 jll-4+3 —-1+2j 4+5 5—j

L
L W o

Question © (10 marks)
Compare between

* Ideal high pass filter
Butterworth high pass filter

Gaussian high pass filter

|deal high pass filter

Him, rj

The ideal high pass filter is given as:
0 1f D(u,v)< D
Huy)=]) 200

“11if D,v) > D,

where D, 1s the cut off. means that any value smaller than the
D, will be 1gnored and any value bigger than D, will be
counted

Page 6 of 8



Butterworth high pass filter

This Butterworth highpass|filter is the reverse operation of the Butterworth
lowpass filter. It can be determined using the relation- Hupl(u,v) =1~ Hpp(u,v)
where, Hur(u,v) 1s the transfer function of the highpass filter and #rr(w. v) 1s the

transfer function of the corresponding lowpass filter.
The transfer function of BHPF of order n is defined as-

T (2 1) — 1
jf{lh i'_,-) — ]_+[D"fD[ELJ-']]En

-D[] is a positive constant. BHPF passes all the frequencies greater than Dﬂ
value without attenuation and cuts off all the frequencies less than it.

. D{} This is the transition point between H(u, v) = 1 and H(u, v) = 0, so this is
termed as cutoff frequency. But instead of making a sharp cut-off (like, Ideal
Highpass Filter (IHPF)), it introduces a smooth transition from 0 to 1 to reduce

ringing artifacts. D(u.v)is the Euclidean Distance from any point (u, v) to the
origin of the frequency plane, i.e. D(u,v) = /(u? + '“z],
The Butterworth high pass filter is given as:

1
1+ [D, / D(2,v)]?”

H(u.v) =

Fi(ee, ©)

i (e, ©) e
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Gaussian High Pass Filters

The Gaussian high pass filter is given as:
H@u,v)=1- gD w1120y’

where D, Is the cut off distance as before

Hiw, v)
1

M, #)

Mu o)
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