(Road 3103) 03y S3I0 3 poadd Wy 093>

igltal R
Image
Processing

AU B
Aislno »‘5 GS”)L“" é‘)‘ oliidl

93 oloyo



DIGITAL IMAGE PROCESSING, SECOND EDITION(TEXT BOOK)
RAFAEL C. GONZALEZ AND RICHARD E. W0O0DS

ALGORITHMS FOR IMAGE PROCESSING AND COMPUTER VISION
J. R. PARKER

IMAGE PROCESSING, ANALYSIS, AND MACHINE VISION

M. SONKA, V. HLAVAC, R. BOYLE

2 48 SISCEe il oo ilise (sls )5S (g1l 4 s FUTHER sl oo crndle ol oy 53 o3linl 3550 51 50
o2 093 s 53 Ul gl 1 bssd e sl sl sl 530S Sy b pslie LU elide i diibe 3l
4l cils GleS 55 Jl a3 plmal (Shs 5l p K0Tl Gl o (Sis gl Al 3l day 553 e 2l S
G (s Al o 5 S o il S 55 sl (Sis s 4 s il lean S 5 B 5 58 plate o8 51 o 5
PGS 25 o gl Al S on 093 0 258 o gl Sl O (S5 il sl ol 5ol 330 0s SleS 5 0
| oo G| (S35 Loyl dmlio day 5 i Al 5l OF (gl (S35 1o i 5l o oleS 50y oy 53
S ol oy JSCae g5 e S pss (Sis e ,S My S Il sl 5 (Shs onl S oS o e ko e S
S gl 6 oS a5 015 e L 3L sl sl 5 il S e sl (S5 420 S 5y gt sl
Do 534S 20 ool Ol el sl anlie ogs o sha S eslitad Ol el S5y oo p M5 Gl ooy o 5ha S eslizl
oo g 35 a1 B eslinal 3550 pile sl 03 Bl Jod ol sl ol L LT liS 5 oS alie a1y (S5
355 o tmlie g0 3al G LS G gl om s e ppa 5 Moyl 18 eSS s 5 G e 035 Iy
STEP &+ i

3l ms s 4 03,5 W3S oyt 31 S3s o e 3Kl ms S Ly CBUSS n  L

tal b e (S Lils) PATTERN RECOGNITION poile ol 5l e

@Digital_Image_Processing
sl Bed U
ol sepica fige g gt ilay
sadige eoe g @il 2dls 35 ke
ol oladls



[l o
INTRODUCTION

2 A 5 S ges Sl 3550 53 W sl el ead S (555 Ol op GBI s 3OS L5 o it

.Q;mﬁ‘}}Wb-xqﬂT)) 3408
Low LEVEL PROCESSES: CONTRAST MANIPULATION

MID-LEVEL PROCESSES: SEGMENTATION, RECOGNITION

HIGH LEVEL PROCESSES: UNDERSTANDING GROUPS OF OBJECTS

&5 MID-LEVEL (slgssls B SO U s 39 dal g LOW LEVEL s 1w la ol e B3l sl G
R3S 1 53 g e gl as B30 o S ol ELa G HIGH LEVEL s MID-LEVEL (sleljls 5y olaet i
SIS 5 25 ol e e s S P 3 (6 el Tl (S Dl 5, Ks plal g (55 2l Sl g S ST
s 6o Gl e SO &S T 5Ll ol S e S gl Sl sl 1) LS L s Sl AL el
CONTRAST 01 psgie 5. 55 Jol o sledilag & 358 conlio 5 353 g s kS b S Jlasl s 0 1y
W 5l oS &S s n5d & 2Ll S5 a4 ol p-:-i)ji-“ S S dlesl o5 e MANIPULATION

s plrl gl 655 5 YL sl &Y ledsls Sl gl 2 sd s 555,

S 53 FACE St (( sy 5) SEGMENTATION, RECOGNITION (slgte: o 355 oo plol s &Y 53 65 oled5ls 5 Sl
(o245 45 FACE DETECTION _jliioss e} 2058 1y Ol 1y Gt gods 3 45 jikiss sla OBIECT sl 13 o

(SN i )5 |, SEGMENTATION mls S35 (slad IS e o0

S et Kb 5 34 aS 5 S ol Oy pl 4 Ols o UNDERSTANDING GROUPS OF OBJECTS ¢ 5 LEVEL Ll
w\é:\:upﬂshijLaa:\.t.i\L;)))'\dl:-)wla.x..ia:\:u.aﬂshijﬁjdﬁéﬁ)bnﬁ.&) Wlsgy 5 ooty eoldss s

.r.:;SC\j;'r:w:lﬁ)@j\ LaOBJECTQ;l:)\jév.a)tsj'\\)v.,auadﬂ&ﬁgﬁ.wwj&atlﬁﬁ)@ﬁj@

D e S oy Olotir 355 o oty Olotir 3515 OT U3k 5 353 oo 0l plorl 4y (605 S O sl o3l sl o

.MQS):J{GJ-;LA‘_;M«SJ;S&&JTSdl.:f.:.wQ\JJAQ):L;LQJL.:NJ\)}QJJSWJ\J&. syl 0y

World nmmsp Optics mmmpSensor mmmp
Signal mmpDigitizer 1)

Digital Representation
055 2053k S (ST 305 5 2 ()l oS Dy lSe mpss e a)ls 35 Jlsy et o8 DLl ol 5l 2ol slis o

e Ly S 6 GOl 0 o 350 s Do s 4 L oS 358 oo b JUSKw a0 55580 (0 o (033 s 3

Jag.‘ijf;ﬁﬁidﬁ&@ﬁpéwlgujdjld}f.ﬁ)bQb}&b\&:\:@:j\d}fm):lqgilﬁ.m&db&‘ﬁ)@
Y



8 a3 )b, dalpt I CCD (55 SleMbl Sos i G0 dal gt s Sl g a4 by e SNl 5 e

b oo el 1 s 5 e 3l jaeie Jlias 40 S JUT Sl Lo (552 o dlias 5 (5515 0 4 500 DD
R ol gy Al ol e

(Jlzes S & bl s SIS 35 ) o gead 2L y5 ns (IMAGE ACQUISITION

e 31 i e 0 S sl Sy 8 O3 2 O 5| PREPROCESSING:

gl SeS s cio s da 5 (ol 4358 5 b W) Sl i cpl Sl 51 (SO (S 7l el [SEGMENTATION
J:j)L@;\J"‘cl.&:6|ﬁ(3‘n§)‘j3bJLé.:.uJ‘ijﬁdJﬁd.dLﬁJﬁ)lS)J%&ja‘)-&s;é{ﬂ‘);}‘jwjd‘sdﬁ@b“
s 1, 2002 JLs 51 (San S BRISK L 5 SURF L SIFT sile (S5 5 2| sl (la o, SIS0 ) L3l 35 5 o5 501
2ol i 5 el oS o SCALE 4y ol gl 08 0 Olgie S sl oy sS04 &S

MC)LEA)J»LMJ-J.:.G

ﬁ&\%ﬂﬁa&x\:gww\ﬁuqﬂjwjuj}ﬁL.J;u_c,.cl_w):.aﬁfdawﬁ.o&alfﬂij\:j\L;\a)\}ALﬁu}jég
ﬁ)@):ﬁj\wgwﬁ)@):ﬁQj);j\a@\:ow}uu@aﬁ‘_;|ﬁ.:ﬁ§&w_<.a:}>'-ﬁj&j>m)'\a)l_jj:.

SIFT a5 SIe . s tal 5 plomil oslied 55 50 05 5801 o 5 La IS

;}i})"ﬁb‘)&:’.ﬁ)@vf}:’ﬁ)bfui"L‘sgf‘xﬁjjs aMdﬁ»\SkﬁLﬁfﬁj&&M ;ﬁ)gf].ZSd)\:fAS

(58 o 3L 5 3L OBIECT S 4 (shate 4yl i) 15 on b 1 b o 2t 8 e 505 010 A4S o alin2 o
Bl (sle G G skt s 3 S 8 51 K4S 15 e ealized RANSAK o sy pazy 5301 51 5L al e S

ﬁ&db‘)wduwdhw\wu‘f) :)jik;a:ﬁﬁﬁ)@):wgm&i.:ﬂ&a:w‘ﬁ)@):w
‘REPRESENTATION AND DESCRIPTION

oS 5 Cewl=xSOBJECT a5 D R L)S/j_ﬁj Slagls sl eslaal b oay 'RECOGNITION AND INTERPRETATION

.1, OBJECT ! V“‘S

o) 93 sl ey S 1 SN 5 sl a5 (g eals oL 015 e AL e Dbl o3l oSl (KNOWLEDGE BASE

ik Ll s KNOWLEDGE BASE L il 5 o 251552 Joml e Jsb e 5 oS o003 eals ol



(S Al o (5 3 g B 5 505, 5 Ah o b g B

S , Representation
egmentation and description

Preprocessing <:>
Recognition Resuh
Knowledge base <l|:> and :>
Problemn interpretation
domain
Image
acquisition
v.:.nl_u

32 VG 1y ol 28 0155 o 'ENHANCING CONTRAST
i 3o o TS i A Gt gl 534S Ly S i 5 olds, Sld o 2eS w9l (CONTRAST
L o e S S e adS Sl

REMOVING NOISE

IDENTIFYING INFORMATION-RICH AREAS
oY oS iy 1 gl 53 ilien GLOBIECT 5 1S s iliiiin (Sla a3 53 |5 3 5ol ooal i ST SEGMENTATION
35 o SEGMENTATION 4 by o Jilows gl il axils (S35 (6 S5 o8 vt
S dns o S5 olayls s Wl sl o8 0 ) ol sl gl Sl &S 16 S 5, SREPRESENTATION & DESCRIPTION
LEL a b 03 S alis 5 ples B Sodes 51 S5
55 Oletle G Ol 03 S Lasede Mo S o MBI a5 55 LABEL G :RECOGNITION & INTERPRETATION
3 o el ISl (3 e sdel oy SVl iy s

S| cK_qu '‘KNOWLEDGE BASE

d »
- u 3 '
L Rafael C. Gonzalez -
lichard E. Woods .57

@Digital_Image_Processing
s g JUlS
ol pegian gk o el G2ilay
siadigs poMe o (@il 5dls 355
ol olails



:r}bJ«dﬁ

DIGITAL IMAGE FUNDAMENTALS

.::ﬁg&\)\:ﬂf&)\j}ul_aﬂl

0Ll i 3 e [ 558 L i HUMAN VISUAL PERCEPTION

Cornea FIGURE 2.1
Simplified
diagram of a cross
section of the
human eye.

Ciliary muscle

CONES (6-7 MILLION PEREYE) &, yaseds 4 b g o (sl sk

RODS (75-150 MILLION PER EYE) _lii s, ol aoids 4 bss e sl sl

180.000 | | I FIGURE 2.2
Blind spot . Distribution of
[ — ones rods and cones in
o AR ST --- Rods the retina.
E 135,000 o
— ’
o ’
[=9 ’
w '
= r
:__4 e
2 90.000[ e
= .
= ’
= ‘
b ’
= ;
= ¢
< 45.000 '
Z I
| | h
&0 60 40 20 0 20 40 60 80

Degrees from visual axis (center of fovea)



Ry e slre ¢l
313 dal g plonil 1y peas CohS (555 (55 o3I ST s oS s 5l oS ((s354-3) 'SUBJECTIVE
e ol B e 535 d e e3ls anast (6308 (Sbae  pad CadS 4 e ((s320) OBJECTIVE

wlj\@m}):db-..x.\ib_&Jﬁjmﬂhwd\&)mﬁ&uéjé.ﬁﬂf&jﬁiﬁbdjk“&u};ﬁZWEBERRATIO
):ﬁwdr@jﬁij\s.m;sk;a:l{j‘)nﬁ‘:)::ﬁ}ﬁ&))\mg&M})Q.Lirsrs.cj;&#):bé\nﬁb%»
uél...a;’:—\&.:ﬂ)wMAs;):J&f)ﬁﬂfk;ajlagjélu:‘)w‘n.kn::@l—&\aﬁ‘:):&)\mdﬂMbk;a:w&)

WEBERRATIO 55 o | 5 1 Us ol oS o s 35 015

FIGURE 2.5 Basic
experimental

I+ AJ setup used to
characlerize
brightness
discrimination.

Al ]
I ¢ s Weber ratio

S Sl Ky 55 e s BB 5l Ol B ey SOy w o5 Lol Wb S Sy e 5 s Ky e e o

3L o (62 5¢2)SUBJECTIVE i

:&MJJ QM&.:.B

FIGURE 2.4
Range of
subjective
brightness
sensations
showing a
particular
adaptation level.

Glare limit— -

By,

Subjective brightness

l«—Adaptation range——»|

Scotopic

Scotopic Photopic
threshold™ |1 o 1 1 1 | | |
-6 —4 =2 0 2 4

Log of intensity (mL)




o3 i 035 @ole Oley &S AL o sl laee g 4 S ol Golal pde 5 SO0 LS 4 a5 5 e sede Jle

5 god BB i) S8 5o g pled Koo 058 i 5 S Galad (s 4 5 S o My el ol a3 e

ILLUSIONS: 4y glas-

a

b

FIGURE 2.7
(a) An example
showing that
perceived
brightness is not a
simple function of
intensity. The
relative vertical
positions between
the two profiles in
(b) have no
special
significance; they
= were chosen for
clarity.
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TABLE 2.1
Number of storage bits for various values of N and k.

Nk 1(L=2 2L=4 3L=8 4L =16 S@EL=32) 6 =64 7 =128 8 = 256)

32 1,024 2,048 3.072 4.096 5.120 6,144 7,168 8,192
o4 4,096 8,192 12,288 16.384 20,480 24.576 28,672 32,768
128 16,384 32,768 49,152 63.536 81.920 08.304 114,688 131072
256 63,536 131072 196,608 262.144 327.680 393216 458,752 524288
512 262,144 524288 786,432 1.048.576 1.310.720 1.572.864 1,835,008 2,097,152

1024 1,048,576 2,007,152 3145728 4,194,304 5.242.880 6.291.456 7,340,032 8,388,608
2048 4104304 8,388,608 12,582,912 16777216  20,971.520 25165824  29369,128  33,554432
4096 16777216 33554432  50331.648  67.108.864  B3.886.080 100.663296 117440512 134217728
8192 67,108,864 134217728 201,326,592 268435456 335544320 402.653.184 469,762,048 536,870,912
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atively large amount of detail. (Image (b) courtesy of the Massachusetts Institute of Technology.)
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APPLICATION (LABELING CONNECTED COMPONENT IN BINARY IMAGE)

(WE CONSIDER 4-CONNECTIVITY)

SCAN THE IMAGE FROM LEFT TO RIGHT AND TOP TO BOTTOM

1 |1 |01 |1 (1(0(]
1 (1 (0 (1|01 (0]
111110001
01010 ]0]0 101011
1 (11 (106G ]1(0]]
Ojlo0oj0 1101 [0]]
1 (11 (1|0 ]0(0]]
1111101 (1]

FOR EVERY PIXEL (X,Y) IN THE IMAGE CONSIDER P=F(X,Y) R=F(X-1,Y) Q=F(X,Y-1)
IF P==0, GO TO NEXT PIXEL
ELSE IF P==1,

IF BOTH NEIGHBORS ARE ZERO, ASSIGN NEW LABEL TO P AND GO TO NEXT PIXEL
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IMG=IMREAD(("CASTLE.PNG") ;

% CONVERT IT TO GRAYSCALE

IMG=RGB2GRAY (IMG) ;



IMG=IMRES1ZE(IMG, 0.5, "BICUBIC™) ;
X, Y]=s1ze(1mG) ;

BITPLANES=ZEROS(X,Y,8);

FOR 1=1:X

FOR J=1:Y

BINARY=DE2BI (1MG(1,J),8, "LEFT-MSB") ;

FOR K=1.8

BITPLANES(1,J3,K)=BINARY(K) ;
END
END
END

IMWRITE(IMG, "ORIGINAL.PNG") ; % ORIGINAL GRAYSCALE IMAGE

IMVRITE(BITPLANES(Z,Z,1), "BITL.PNG"); % MSB

IMVRITE(BITPLANES(Z,2,2), "BIT2.PNG");

IMVRITE(BITPLANES(Z,Z,3), "BIT3.PNG");

IMVRITE(BITPLANES(Z, 2 ,4), "BITA.PNG");

IMVRITE(BITPLANES(Z, 2 ,5), "BITS5.PNG™) ;

IMVRITE(BITPLANES(Z,Z,6), "BIT6.PNG™) ;

IMVRITE(BITPLANES(Z,Z,7), "BIT7-PNG");

IMVRITE(BITPLANES(Z,Z,8), "BIT8.PNG"); % LSB
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representation of
a general 3 X 3
spatial filter mask.
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a b FIGURE 3.35 (a) Original image, of size 500 = 500 pixels. (b)—~(f) Results of smoothing
¢ d withsquare averaging filter masks of sizes n = 3.5.9.15, and 35, respectively. The black
e f squares at the top are of sizes 3, 5,9, 15,25, 35,45, and 55 pixels, respectively: their bor-

ders are 25 pixels apart. The letters at the bottom range in size from 10 to 24 points. in
increments of 2 points; the large letter at the top is 60 points. The vertical bars are 5 pix-
els wide and 100 pixels high: their separation is 20 pixels. The diameter of the circles is
25 pixels, and their borders are 15 pixels apart; their gray levels range from 0% to 100%
black in increments of 20%. The background of the image is 10% black. The noisy rec-
tangles are of size 50 % 120 pixels.
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FIGURE 3.36 (a) Image from the Hubble Space Telescope. (b) Image processed by a 15 X 15 averaging mask.
(c) Result of thresholding (b). {(Original image courtesy of NASAL)
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FIGURE 3.37 (a) X-ray image of circuit board corrupted by salt-and-pepper noise. (b) Noise reduction with a
3 X 3 averaging mask. (¢) Noise reduction with a 3 X 3 median filter. (Original image courtesy of Mr. Joseph
E. Pascente, Lixi, Inc.)
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FIGURE 3.38
(a) A simple
image. (b) 1-D
horizontal gray-
level profile along
the center of the
image and
including the
isolated noise
point.
(c) Simplified
profile (the points
are joined by
dashed lines to
simplify
interpretation).
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FIGURE 3.39
(a) Filter mask
1 4 1 1 _8 1 used to

implement the
digital Laplacian,

as defined in

0 1 0 1 1 1 Eq. (3.7-4).

(b) Mask used to
implement an
extension of this
0 -1 0 -1 -1 -1 equation that
includes the
diagonal
neighbors. (¢) and

-1 4 -1 -1 8 -1 (d) Two other
implementations
of the Laplacian.

0 —1 0 -1 —1 —1

Slles Ll plad 5l 0 o g pemme dis oS shailen 0,8 o 13 eslinal 55 LAPLACIAN (¢l » Ll G5 (sla o mn

ol sl o bl LS S (55, LAPLACIAN

o)



ab
cd

FIGURE 3.40

() Image of the
North Pole of the
moon.

(b) Laplacian-
filtered image.
{c) Lapla
image scaled for
display purposes.
(d) Image
enhanced by
using Eq. (3.7-3).
(Original image
courtesy of
NASA.)
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FIGURE 3.41 (a) Composite Laplacian mask. (b) A second composite mask. (¢) Scanning
electron microscope image. (d) and (e) Results of filtering with the masks in (a) and (b).
respectively. Note how much sharper (e) is than (d). (Original image courtesy of Mr. Michael
Shaffer, Department of Geological Sciences. University of Oregon, Eugene.)
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FIGURE 3.43

(a) Same as

Fig. 3.41(c), but
darker.

(a) Laplacian of
(a) computed with
the mask in

Fig. 3.42(b) using
A=0

(c) Laplacian
enhanced image
using the mask in
Fig. 3.42(b) with
A = 1.(d)Same
as (c¢). but using
A=1T7
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FIGURE 3.44
A3 X 3region of
. ) . z z
animage (the z's 4 5 o
are gray-level
values) and masks
used to compule 7 Ig Iy
the gradient at
point labeled zs.
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FIGURE 3.45
Optical image of
contact lens (note
defects on the
boundary at 4 and
So'clock).

{b) Sobel
gradient.
(Original image
courtesy of

Mr. Pete Sites,
Perceptics
Corporation.)
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FIGURE 3.46
(Continued)

(e) Sobel image
smoothed with a
5 X 5 averaging
filter. () Mask
image formed by
the product of (c)
and (e).

(g) Sharpened
image obtained
by the sum of (a)

ab . -
cd and (f). (h) Final
FIGURE 3.46 result obtained by

applying a
power-law
transformation to
(g). Compare (g)
and (h) with (a).
(Original image
courtesy of G.E.
Medical Systems.)

(a) Image of
whole body bone
scan.

(b) Laplacian of
(). {r) Sharpened
image obtained
by adding (a) and
(b). (d) Sabel of
(a).
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FIGURE 4.4
(a) SEM image of

Hamilton.
Ontario, Canada.)

(Original image
courtesy of Dr. ).
M. Hudak,
Brockhouse
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FIGURE 4.6
Result of filtering
the image in

Fig. 4.4(a) with a
notch filter that
set to 0 the
F(0,0) term in
the Fourier
transform.
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FIGURE 4.9

(a) Gaussian
frequency domain
lowpass filter.

(b) Gaussian
frequency domain

highpass filter.
(c) Corresponding

lowpass spatial
filter.
(dy Corresponding
highpass ial
filter. The masks
shown are used in
Chapter 3 for
lowpass and
highpass filtering.
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FIGURE 4.11 (a) An image of size 500 x 500 pixels and (b) its Fourier spectrum. The
superimposed circles have radii values of 5, 15, 30, 80, and 230, which enclose 92.0.
94.6,96.4,98.0, and 99.5% of the image power, respectively.
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FIGURE 4.14 (a) Perspective plot of a Butterworth lowpass filter transfer function. (b) Filter displayed as an
image. (c) Filter radial cross sections of orders 1 through 4.
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FIGURE 4.17 (a) Perspective plot of a GLPF transfer function. (b) Filter displayed as an image. (c¢) Filter
radial cross sections for various values of D,.
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FIGURE 4.19 Historically, certain computer Historically, certain computer
(a) Sample text of programs were written using programs were written using
F{?:;;rﬁ;‘f’{{:}l(li}[llon only two digits rather than only two digits rather than
characters in four ta define the applicable four to define the applicable
;‘g;ﬂ}g‘i;ﬂ ;ii?’“')' vear. Accordingly, the year. Accordingly, the

filtering with a company's software may company's software may
GLPF (broken recognize a date using "00" recognize a date using "00"
:S;;?:lf;wm as 1900 rather than the yvEar as 1900 rather than the yEar
joined). 2000. fl 2000. fl
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FIGURE 4.22 Top row: Perspective plot. image representation, and cross section of a typical ideal highpass
filter. Middle and bottom rows: The same sequence for typical Butterworth and Gaussian high pass filters.
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FIGURE 4.23 Spatial representations of typical (a) ideal. (b) Butterworth, and (c¢) Gaussian frequency
domain highpass filters, and corresponding gray-level profiles.
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FIGURE 4.24 Results of ideal highpass filtering the image in Fig. 4.11(a) with D, = 15, 30, and 80,
respectively. Problems with ringing are quite evident in (a) and (b).
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FIGURE 4.25 Results of highpass filtering the image in Fig. 4.11(a) using a BHPF of order 2 with D, = 15,
30, and 80, respectively. These results are much smoother than those obtained with an [LPF.
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FIGURE 4.26 Results of highpass filtering the image of Fig. 4.11(a) using a GHPF of order 2 with D, = 15,
30, and 80, respectively. Compare with Figs. 4.24 and 4.25.

.:)\L:ﬁ)m);“‘?’)@ﬁ“i%&‘):

'LAPLACIAN (RECAP) L3

2

r_ f(x+Ly)+ f(x=Ly)-2f(x,y)

ox%

2 J"SJUL“"‘JYJXGM‘))A(’JAW

f_ fx,y+D+f(x,y-)-21(x,y)

aZyZ -

Vi =[f(x+Ly)+ F(x=Ly)+ f(x,y+D+ f(x,y-D]-4f(x,y) LS o o oa b algd 3 |y 4

Zg:,.‘i\:m.a\jﬁ-m-ﬁ:duxl@)}énj};.ﬁjf\b[_@fﬂw‘
(jZﬂU)”F(U,V)Z 5l Y Xl srie DS
V2 E () |=ArP U VI F(UY) s el il 50 .8 )58 s LAPLACIAN 1 51 L

DL sg sl ol LAPLACIAN ls cule o H(UV)F(U,V) tL el ol 505 8 s Jas el ax 55 L

H(u,v) =—47%Uu® +Vv°)

A



SR 33,8 ale b JuSy SO ST sl YoX sliady s p:é:.i.».kili;}&nnjy):ﬂfajLAPLACIAN dsle gl 5

U'»'" J§‘JL‘>— ﬁﬂi.:ajk.v)JLAPLACIAN ﬂ)@(bbbﬂjﬁduﬁ‘A‘AM‘fbdﬁ‘MJ&:))}Jﬁi‘jﬁuﬂ‘nJﬁiw.b

()

el dal st s G ey S S 0TSl S e 22 O 0353 15 e

X+
.@\:ﬁ\?%&N/Z;M/Z 031l & g)}énj}?):‘m.\ib_mujb( 0 oo Sl

Vi (x,y) © —4r’[uU-M/2)* +(v—N/2)*]F (u,v)

Al 0,0 qw.aw-,?);u,aj‘@,:,@MM,:,&;;NIZJMIZsu.fa:‘ug;

e

ab
cd

&
f

FIGURE 4.27 (a) 3-D plot of Laplacian in the frequency domain. (b) Image representation of (a).
(¢} Laplacian in the spatial domain obtained from the inverse DFT of (b}. (d) Zoomed section of the origin
of (c). (e) Gray-level profile through the center of {d).(f) Laplacian mask used in Section 3.7.
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FIGURE 4.28

(a) Image of the
North Pole of the
moon.

(b) Laplacian
filtered image.
(¢) Laplacian
image scaled.

(d) Image
enhanced by
using Eq. (44-12).
(Original image
courtesy of
NASA.)
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for image
enhancement.
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FIGURE 4.33

(a) Original
image. (b) Image
processed by
homomorphic
filtering (note
details inside
shelter).
(Stockham.)
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(a) Fourier AR £ iy

spectrum showing
back-to-back

half periads in

the interval

[0, M —1].

(b) Shifted
spectrum showing
a full period in the
same interval.

(c) Fourier
spectrum of an
image, showing the
same back-to-back
properties as {a),
but in two
dimensions.

(d) Centered
Fourier spectrum.
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FIGURE 4.35
Computation of
flx.v) F(x,v) Fuv) the 2-D Fourier

‘ ‘ transform as a

series of 1-D

1-D 1-D transforms.
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extended 1 L
functions.
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FIGURE 4.41
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