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Rafael C. Gonzalez and Richard E. Woods, Digital Image Processing Using MATLAB, 1" edition,
Prentice Hall, 2004

mIaIulsznou
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Alasdair McAndrew, An Introduction to Digital Image Processing with MATLAB, School of

Computer Science and Mathematics, Victoria University of Technology. (Lecture Note)
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unit 2: uuzihmsldauldsunsy MATLAB
Introduction to MATLAB

2.1 msl¥aulisunsy MATLAB ihesdy
> @WaldauTdsunsy MATLAB 910 Windows
= Double-Click lonouuu Windows desktop 9214 MATLAB desktop #1431/

1 1
ATHAN

" — MATLAB Desktop

e e Sowse ek Wik, Mol 10 T
St it e B e .

bl B S Current Directory Window
Namr ik Lnirf Elanr ¢
e BAwSi] BHITAE wiead ascey

Command Window

Figure Window =N

<} Figuin He. 1 ain
Waorkspice Browser Lie LA View et Josls Wisdww Help
DENG RA2, BB

Fapins s Kmshon s B2s
W EEEAE, FL R el JAtAT . kALY, eeesd

0 = tmaeniirenv. Aty
£ oo Laseedi whes 40001

e Command History
8 Eikidione bobimmdis
i g

CIE ERER IR M B BELS TF)
b
[ T R T |

F o smanndi e 12 0E 3

iashowifs

£ o Ghesd i Eave YIIMLP 30

il o -
B J 1 T T s m— o~ R — ——

FIGURE 1.1 The MATLARB desktop and its principal components,

" @539 Command Window 938 prompt fustuiiludnuas >> 1sngeg

v td
neanuh ldsunsuidssesudds (command) egru prompt i

> maoonnldsunsy MATLAB
= (dion Exit MATLAB niny File n3p
= fiun quit ¥3 exit 739 prompt ¥83 Command Window 11fe
>> quit
|
130
SRt
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Note: liuuzthlidaldsunsulae click #i close box asayuuUAARILYNVES
MATLAB desktop

Ed
> weaaosldnmisduamuavadiade 11l
dy 4 o W o U
Note: lulonmsiliiolddydnwel <Bnter> ninofalinaifu Enter
dm5u MATLAB msnaiju Enter Aionsd17 run 1350 execute fda

* U 2+3 nde >> prompt Tu Command Window u&anaty Enter wuiie
>> 243 <Enter>

1 v da YN
WNUNNAANTN 1Afe

ans =

5
Note: ans (il default variable ¥99 MATLAB %Lﬁuﬁ'lﬁ'limﬁ"lﬁinﬂms

ATUINFUD

dunnd1velainys ans  Usingegluain Workspace w931 MATLAB
desktop

¥
= nanpsnunae luaene 1o

>>3-2 <Enter>
>3 2%3 <Enter>
=12 <Enter>
>> N3 <Enter>
>> 2\1 <Enter>
>>3%4 <Enter>
>> 3%4; <Enter>
>> ans <Enter>
>>ans; <Enter>

9 v A

Note: m3le; (semicolon) l3Nasurogavesudazids delidesmsi

1 o &
LAAIAIUDIHAANTODNUINIINIINND

Vo s a
> naaosldflanduiugiuniaada

>> sqrt(2) <Enter>
ans =

1.4142
>>log2(16) <Enter>
ans =



4

>> 10g10(100)
ans =

2

>> sin(pi/4)
ans =

0.7071

>> sqrt(2)/2
ans =

0.7071

>> format long
>> sqrt(2)/2
ans =

0.70710678118655
>> format
>> sqrt(2)/2

ans =

0.7071

<Enter>

<Enter>

<Enter>

<Enter>
<Enter>

<Enter>
<Enter>
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Note: n1sA1uaalu MATLAB 921ilu double precision st lumisuansaiag

[~ = o T El 1 o . .
default 1Huneiivuuiladwmis Srdeenslduansnrludnymue double precision

a1msnlgfda format long uaziiie s format (v3e format short) Avznduly

sananU L default

2.2 Variable ttaz Workspace

1 ¥
> wnaasstmuamldnuauls (variable) erhmssiuiudediiogisse i

>>a=2;
>>b = 5%(3/2)
>>a+b
>>c=a+b;
>>c

<Enter>
<Enter>
<Enter>
<Enter>
<Enter>

a  Jd @ U LY o g
Note: ﬂ?‘iWﬂJW%ﬂﬂJ@QW?Hﬂ'E LLgﬂﬂﬂ Enter ﬁ]SLLﬁﬂ\?ﬂ']‘lﬁ’Nﬁ’lllﬂiﬁnuuﬂﬂﬂiﬂ
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a q’; P> o o k2 ' ! & Yo &

> dulnmimuainideldauszuansegludiuues Workspace dasiauisaldfids
i5onq 1AM prompt 1uiy Taeld9d1da who w30 whos Aadet1e

>> who <Enter>

Your variables are:
a ans b c

>> whos <Enter>

Name  Size Bytes Class

a 1x1 8 double array
ans 1x1 8 double array
b 1x1 8 double array
o 1x1 8 double array

L 1 v
> munsaldfida clear G]'ISJGS{'JEJ%'EJF‘I’JLL‘]_]S1‘14ﬂ'Iia‘ﬂGl’)tlﬂ‘iﬁ?LLﬂiﬂ’}ﬁHﬂ@ﬂﬂ?ﬂ‘53‘1J°1J

Yo_ o y o @ o o '
13019104 clear 1ne) 130 clear all ifoaudulsyndeen’ly fuiedis

>> clear a <Enter>
>> who <Enter>
Your variables are;

ans b ¢
>> clear all <Enter>
>> who <Enter>

> yoduslu MATLAB fingfe
*  AoalsznauAIedisnys a-z, A-Z, A0y 0-9 uag underscore ()
Y d? ¥y 9 v o
" ARIYUAUAIWAIDNYS
] =1 1 o e ar
= anueram 15a14 ud MATLAB a2 ufios 31 6usn
= YA W VoA o ' a od o A
* 3]u Case sensitive (UANANAUTEHINRN TN QiuazWuWan) iAo balance,
(=] [ ‘] o
BALANCE uag BaLance doutluduilsnaianu
w A

- ﬂ’J'émeeﬁmﬂsm%H: 12d2 pay day ProFit

v FredreFosaulsile g pay-day 2a name$  Profit

2.3 Arrays: Vectors uaz Matrices
14
= MATLAB Hugnesnuuuu luanyaizund matrices
* A matrix fi© rectangular object (a table) N1/52noUAIY rows 1z columns

R . A
* A vector AW Y matrix N9 1 row #50 1 column
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» MATLAB 92101501 vectors (1ag matrices 1UaNYULIALITY

> mM3ade row vectors

>>x=[130-15] <Enter>
F=y=5,6; 7] <Enter>
>>z=[130-15]

>>a=[123] <Enter>
>>b=[45] <Enter>
>>c=[a-b] <Enter>
>>A=[137] <Enter>
>>A=[A0-1] <Enter>

Note: 1% [], 19 spaces #50 commas lumsienaundnuaasaa

Y
> 15e319 vectors A28 colon operator

>>vl=1:10 <Enter>
>>v2=1:05:4 <Enter>
>>v3=10:-1:1 <Enter>
>>v4=1:2:6 <Enter>
>>v5=0:-2:-5 <Enter>

9
» 1139579 column vectors

>>x1=[150-L3} <Enter>
>> yl= 526, TR <Enter>
>>z1=[130-15]"'

>>x2 =il -1; ] <Enter>
>>y2 =[5;6; 7] <Enter>
>>z2 =[130; -15] <Enter>
>> a =) ] <Enter>
>>Db=[45] <Enter>
>>c=[a-b]’ <Enter>

k) A 9 F a T @
Note: 19M3 transpose 910 row vector #5014 semicolon TunisusnauFnuaazda

> A15e$19 Matrices

>>A=[1 23;4506] <Enter>
A:

I 2 3

4 5 6

>>B=[30-1;25-7; -1 4 8] <Enter>
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>>C=0:30:80;
>> table = [C, sin(C*pi/180) ']

>>Z1 =[1:3; 4:6; 7:9]
22 =Z1"

> @0t standards arrays (matrices) in MATLAB

zeros(M, N) generates an M-by-N matrix of zeros.

ones(M, N) generates an M-by-N matrix of ones.

true(M, N) generates an M-by-N matrix of logical ones.

false(M, N) generates an M-by-N matrix of logical zeros.

magic(N) generates an N-by-N matrix constructed from the integers 1

through N*2 with equal row, column, and diagonal sums.
* rand(M, N) generates an M-by-N matrix with random entries, chosen
from a uniform distribution on the interval (0.0,1.0).

Notes: Wording {1 MATLAB
Scalar: fwlsifvinaves array 151 1-by-1 (1X1)

Vector: falsiflvunues array 1111 1-by-N (row vector) #38 M-by-1

(column vector)

3 [ A 3|
Matrix: fulsnlvunaues array 11y M-by-N

]
Y

2.4 MsaamMsnu Matrix

unennodely MATLAB weuludnuuzued array (M50 matrices)

> madensaudnly matrix
>>a=[4-2-47;15-32;6-8-5-6;-7301] <Enter>

a =3

4

1

6

-7
>>
>>a(2,3)
ans =

-3
>> a(4,1)
ans =

L

-2
5
-8

3

4 7
I
5 -6

0 1

10
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>> a(end,1)
ans =
-7

>> a(end:end)

ans =
1
>>a(2,1:3)
ans =
1 5 -3
>>a(2:4,3)
ans =
-3
-5
0
>>a(2:3,3:4)
ans =
302
-5 -6
>>a(3,:)
ans =
6 -8 -5 -6
s, 2)
ans =
-2
o
-8
3
>> a(:,})
ans =
4 2 -4 7
1 &8 =3 2
6 -8 -5 -6
-7 3 0 1
>> a(1)
ans =
4
>> a(end)

L1
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>>a(10)
ans =

>>2:3:16
ans =

>>a(2:3:16)
ans =

>>position=[1234;5678;9101112;13 14 15 16]

position =
1 5 g H§
2 6 10 14
3 741 1%
4 8 12 16

> MSAMIUMTUY Matrix

>>a=[4-2-47,15-32;6-8-5-6;-7301]
a=

4 -2m4 B
1 330
6 %5 N0
7 W 1

>>b=[24-7-4,563-2;1-8-5-3;0-67-1]

2 48,7 -4
5 67682
I & <8 .3
0 -6 7 -1

>>D¥g
ans =
8 4 -8 14
2 10 -6 4
12 -16 -10 -12
-14 6 0 2

>> 2%a-3%p
ans =

2 -16 13 26
-13 -8 -15 10

12



9 8 5 -3
-14 24 -21 5

>> a*b
ans =

-6 -6 35 -7
24 46 37 -7

-33 52 -83 13
1 -16 65 21

>> a.%b

ans =

8§ -8 28 -28
5 30 -9 4
6 64 25 18
0 -18 0 -1

S>>aN)
ans =

59 35 Wp5S
-23 53 -4 37
28 -30 25 50
-32 32 19 -42

>> a2
ans =

16 4 16 49
1 25 9 4
36 64 25 36
49 9 0 1

>>1/a
777 Error using ==>/

Matrix dimensions must agree.

>>1./a

Warning: Divide by zero.

DIP Using MATLAB, CPE, SUT

(Type "warning off MATLAB:divideByZero" to suppress this warning,)

ans =

0.2500 -0.5000 -0.2500 0.1429

13



1.0000 0.2000 -0.3333 0.5000
0.1667 -0.1250 -0.2000 -0.1667
-0.1429 0.3333  Inf  1.0000

2.5 M3 Plot lu MATLAB
>>x =[0:0.1:2*pi];
>> plot(x, sin(x))
>> plot(x, sin(x),'.',x,c0s(x),'0")

>> help plot

14
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undi 3: wgugmmiﬂ‘s:mawan1wﬁ%ﬂaa€f'ml'ﬂ‘sumu MATLAB
Fundamental of Digital Image Processing Using MATLAB

3.1 msunugzUnnndnea (Digital Image Representation)

An image may be defined as a two-dimensional function, 1 (x, y), where x and y
are spatial (plane) coordinates, and the amplitude of f'at any pair of coordinates (x, y) is
called the intensity of the image at that point.

v
an A

a [ < 1
Wommnsadowldlugdvesileddu s @ ) w2 Tadex uaz yiiluvesd
sz lunuInny x uazuny y uazAl amplitude vos £ o uAngiina (x, ) Sund intensity

3
VOINW B AU UIUU

An image may be continuous with respect to the x- and y-coordinates, and also
in amplitude. Converting such an image to digital form requires that the coordinates, as
well as the amplitude, be digitized. Digitizing the coordinate values is called sampling;
digitizing the amplitude values is called quantization. Thus, when x, y, and the
amplitude values of fare all finite, discrete quantities, we call the image a digital image

o aw ' ; v A Aw A 2
NNANYUTUVDINNA (X, ) UAEAVed amplitude umgﬂmwnmmaﬂymzwﬂmum A4

a0 A

14
miulasgunwiiderios liflunuvditneadosiinis@ding (digitized) Wadwosfifage
. ' 5 aa L aw . u’: a T
(coordinates) UazA1v09 amplitude N15 AD 1N A1U831NAYA (coordinates) HULTUNIINTT
¥ ]
sampling M3 &3 Ind Muva amplitude 09115 quantization fuviudie i x, ¥, haga
a - do o @ A g a  a 2 o A v aa <
amplitude o4 £ Hyuraiiirda duaedudwuudaaia 515uSoagdamiidiunms a3 nd
1 any S " o L] 41‘ Aé . . .
Wdvh digital image faiaodalugilii 3.1(b) Gl8innnms sampling uazns quantization

muingeioaluzii 3.1(a)

(@ ()
o PR oA aa ay v "
glln 3.1 (@) mmnianyazsiaion (b) MwaInean lannng sampling 1iagn13
quantization

15
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> donnaudedfugluuuvesiiia (Coordinate Conventions)
v ddl Y W . . u’/‘ M.l a @
HARWSN 1A91nMg sampling (iag quantization gﬂmwuuﬂmuﬂummnwmmmm
a v . = v 7 <]
ﬁuyﬂgﬂmwf(x, ) H1UM3 sampling MLAWVUIA M 103 uaz N Avdul uuﬁatﬂugﬂmw

oo T a o 1 a a { o, 5
hlvue M x N Tagswesiidaga (vy) iWuauuudania mifsdeifoadu image processing

'
a 9

¥ 14 ] i
Taova T Amualdidasuduveagdnmegiidumis &, ) = (0,0) fniugrvosiiie
Tunau x Veagi 0 9 M-1 uaz ravesmiifaluunu y ogh 0 fla N-7 §agfi 3.2(a)

Llﬁigﬂuumlmﬁﬁ'ﬂi;ﬂﬁwclu Image Processing Toolbox (IPT) v99 MATLAB 17u
o o

uanafueen lufe 1ddydnual (o) unuunuiezld &) Tavr unurow uasc unu

o

column uagmmualiidasuAuvegnMagRd ML (7, ¢) = (1,1) unu Fr9veemiing lu

T
=

U 390y 0 89 M uazahavesiiitaluuwl ¢ oy 0 i N daaaslugili 3.2(b)

N - O
-
.
.
-
.
»
L]
.
L]
.

S I
.
L
.
.
L]
.
.
L3
.
.

& One pixel —

One pixel
_ (@) ' ()
g1 3.2 (@) guvyvosiiiail 19 umisde image processing 11 (b) guuyvvesiisaiily

1y Image Processing Toolbox (IPT) v89 MATLAB

> msunugilaiwae Matrices (Images as Matrices)

ngluuyvesiifaililuniade image processing 12 lilaeandoanlugy 3.1(a)

£ ]
o

vuiioAves amplitude fx,) YoaARLRAAYILNLAIY matrix Saansldgedua1s
1(0.0) fO. - FOON=1)

gali il LN—1]
fey=| O fLD JUN=1)

.

S(M=1,0) [(M=11) « f(M=1N=1)

‘é = 1 as . 0’: = T o -
FITUIFNUATLAD U matrix WUTonN element, picture element, pixel, #30 pel.

L] =" { é ﬂl: 4 o 1
dugtuuvvesinanldly MATLAB Faroanavsniulugl 3.1(b) thuiletiAives

amplitude f{x,) YOWARTANAVINUAIY matrix Faand 1ddaa11a1

16
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f(1,1) f(1,2) - f(1,N)
e |f(2,1) F(2,2) - f(2,N)

f(m',n f(M.,Z) f(M',N)

Taghian a A1 0,0) Nd1adelumisde image processing 112 1vzivdusua o

fwmis f(1,1) ¥99 MATLAB

3.2 ﬂﬁa'm"lﬂﬁgﬂmwﬁﬁm“lu MATLAB (Reading Images)

> 19feri 5y imread Tumse IWdgnmdhunly MATLAB
Syntax:
imread( filename’)
= f0dN:
aam rose_original.tif agﬂu current directory 14
>> f] = imread(‘rose_original.tif’);

aAhRY rose_original.tif llﬁllﬁagﬂu current directory tis19¢ 11 folder Myimages 99
drive C 19

>> f1 = imread(‘C:\Myimages\rose_original.tif’);

modetneduiunsldfmids imread 81u file M 3o rose_original tif haniuIAR

o [ 3 v dal = a ; o
A2 1 Anfuwadwsnlafove Saus f1 fiadiulu Workspace faguuy

Name Sife Bytes Class
f1 1024x1024 1048576 uint8 array

4 { o 0o o { "
gadeyanuansly Workspace fna11 sunsaldd1ds whos i Command Windows

Tduiudsg iy
>> whos fl1
Hadninldde
Name Size Bytes Class
fl 1024x1024 1048576 uint8 array

Grand total is 1048576 elements using 1048576 bytes

MAsMsQEWIZILIAYIMWaINTD 191

>> size(f1)

v Jda Y
HAGWEN 1dAe
ans =

1024 1024

17
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Yy 3 @

MAsemsoIvuIavesn Uiy 13Ad s M uag N e M fioun) uaz N Senadul
Yo o
a1usa laanda
>>[M N] = size(f1)
v dal] v
HAGWIN 1A D
M =
1024
N =
1024

3.3 msuanawaglnin (Displaying Images)
dar o 1 :v,
» 1ifladdu imshow lumsuanmagimmesnniivendeninldsn Ildsihfudunud

o o &
foMafdy imread

Syntax:
imshow(f,G)
v

A A o P ; A 1w a vy 9
e fﬂﬂﬂ?uﬂ'ﬁ'ﬂlﬂu‘ﬂﬂuﬂﬂ’lw (1mage array) uaz G Ao ﬂqﬂalﬂmﬂﬂﬂﬂj']ﬂﬂﬂﬂ'ﬁi'ﬂ

U

[

HAAINADDNIAIUAITNIEAU (intensity level)

Syntax:
imshow(f)

Aumsuaasualasldan G iflum default Hude 256 s=au

Syntax:
imshow(f, [low high])
9/ 1

Wumsueaaswalaedmualiifiuda (@ = 0) lunnyaiidantesnimienifu low

q

uazdv1 (1 =255) lunnganiinnnandmsewidy high

q

Syntax:

imshow(f, [])

Wumsuanwwalae 1 low Aedidiqaves array £ uazdt high ABAFIRAVDY
array

" DY
>> imshow(fl, 2)
>> imshow(f1, 10)
>> imshow(fl, 256), figure, imshow(fl)
>> imshow(f1, [100 150])
>> imshow(f1, [])

a do w1 d.y Y o o o
N Wﬂﬂﬂ\?WNWﬂ'\ﬁﬂﬂﬁqﬂu HQITUNANDANS:

18
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>> gl = imread(‘chest_xray.tif’);
>> imshow(gl), figure, imshow(gl, [])

34 msﬁﬂu"lﬂﬁgﬂmw (Writing Images)

> Wileddu imwrite Tunsou idguam (ofesns save Trldgunmiiy'ls)

Syntax:

imwrite(f, filename’)

" A99814:

>> imwrite(fl, ‘newrose.jpg’);
>> imfinfo(‘rose_original.tif’)
>> imfinfo(‘newrose.jpg’)

3.5 Data Classes

Lists the various data classes supported by MATLAB and IPT for representing

pixel values

Name Description

double Double-precision, floating-point numbers in the approximate
range —10°% to 10°%% (8 bytes per element).

uints Unsigned 8-bit integers in the range [0, 255] (1 byte per element).

uint16 Unsigned 16-bit integers in the range [0, 65535] (2 bytes per
clement).

uint32 Unsigned 32-bit integers in the range [0, 4294967295] (4 bytes
per element).

int8 Signed 8-bit integers in the range [—128, 127] (1 byte per element).

int1e Signed 16-bit integers in the range [—32768, 32767] (2 bytes per
element).

int32 Signed 32-bit integers in the range [—2147483648, 2147483647]
(4 bytes per element).

single Single-precision floating-point numbers with values in the
approximate range —10% to 10% (4 bytes per element).

char Characters (2 bytes per element).

logical Values are 0 or 1 (1 byte per element).

3.6 Image Types

] = aa o) a9 v A % § .
ansauUriavesgUnmainoasenilu 4 yiladauiufe Binary image, Intensity

image, RGB image ta¢ Indexed image

19
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Image Storage Interpretation
Type Class
Binary logical An array of zeros (0) and ones (1)
Intensity’ | double An array of floating-point values. The typical range
of values is
[0 1]
uint8 or An array of integers. The typical range of values is
uint16 [0, 255] or
[0, 65535].
Indexed! |double An array of integers in the range [1, p]
uint8 or An array of integers in the range [0, p-1]
uintl6
RGB double An m-by-n-by-3 array of floating-point values in
(Truecolor) the range [0, 1].
uint8 or An m-by-n-by-3 array of integers in the range [0,
uint16 255] or
[0, 65535].

> Binary Images

Binary images have a very specific meaning in MATLAB. A binary image is a
logical array of Os and Is. Thus, an array of Os and Is whose values are of data class,
say, uint8. is not considered a binary image in MATLAB.

1 1 0 0O
0O 0 1 0
0 0 1 0
0 0 0 1
0 0 0 1
0 0 0 ©

20
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> Intensity Images

230 229 232 234 235 232
237 236 236 234 233 234
2556 265 265 251 230 236
99 90 67 37 94 247
222 152 255 129 129 246
154 199 265 1650 189 241
216 132 162 163 170 239

> RGB Images

49 65 56 57 52 53 64 76 82 79 78 78 66 80 77 80 87
58 60 60 58 55 57 93 93 91 91 86 86 81 93 96 99 86
58 58 54 53 55 56 88 82 88 90 88 89 83 83 91 94 92

83 78 72 69 68 69 125 119 113 108 111 110 135 128 126 112 107
88 91 91 84 83 82 137 136 132 128 126 120 141 129 129 117 115

69 76 83 78 76 75 105 108 114 114 118 113 95 99 109 108 112
61 69 73 78 76 76 96 103 112 108 111 107 84 93 107 101 105
Red Green Blue

21



> Index Color Images
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0.1211 0.12

0.1807 0.25
4 5 5 5 5 5 0.2197 0.34
5 4 5 5 [::L\e 0.1611 0.17
5 5 5 0 8 éh\ 0.2432 0.24
5 5 5 5 11 11 [\ 0.2119 0.19
5 5 5 8 16 20 ‘ﬁo.zszv 0.25
8 11 11 26 33 20 0.2197 0.24
11 20 33 33 58 37

Indices

Colour

3.7 Converting between Data Classes and Image Types

» Converting between Data Classes

Name Converts Input to: Valid Input Image Data Classes
im2uints uints logical, uint8, uint16, and double
im2uinti16 uint16 logical, uint8, uint16, and double
mat2gray double (inrange [0,1])  double
im2double double logical,uint8, uint16, and double
im2bw logical uint8,uint16, and double

22
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» Converting between Image Classes and Types

| Function |Description
'dither Create a binary image from a grayscale intensity image by
dithering; create an indexed image from an RGB image by
dithering
l gray2ind | Create an indexed image from a grayscale intensity image
grayslice | Create an indexed image from a grayscale intensity image by
thresholding
' im2bw Create a binary image from an intensity image, indexed image, or
RGB image, based on a luminance threshold
I ind2gray | Create a grayscale intensity image from an indexed Image
! ind2rgb Create an RGB image from an indexed image
mat2gray | Create a grayscale intensity image from data in a matrix, by scaling
the data
‘rgb2gray | Create a grayscale intensity image from an RGB image
| rgb2ind Create an indexed image from an RGB image
3.8 Array Indexing

Y [} 3/
= @39819M5 1%

array indexing Tu MATLAB fiumisizungdeyanin:

>> fl = imread(‘rose_original.tif);
>> imshow(f1)

>> 2 = fl(end:-1:1, 3);
>> figure, imshow(f2)

>> 13 = f1(257:768, 257:768);
>> figure, imshow(f3)

>>f4 = f1(1:2:end, 1:2:end);
>> figure, imshow(f4)

>> {4 = f1(1:

16:end, 1:16:end);

>> figure, imshow(f4)

>> plot(f1(512, :))

23




3.9 Operators in MATLAB
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Table of array and matrix operators in MATLAB

MATLAB Comments
Operator Name Function and Examples

+ Array and matrix plus(A, B) a+b,A+B,ora+A.
addition

- Array and matrix minus(A, B) a-b A-B A-a,
subtraction ora-—A.

T Array multiplication  times(A, B) C=A.*B,C(I,J)

=A(I,J)*B(I,J).

E Matrix multiplication mtimes(A, B) A*B, standard matrix
multiplication, or a*A,
multiplication of a scalar
times all elements of A.

o f Array right division rdivide(A, B) C=A./B, C(I,J)
=A(I,J)/B(I,J).

e ¥ Array left division ldivide(A, B) C=A.\B, C(1I,J)
=B(I, J)/A(I, J).

/ Matrix right division  mrdivide(A, B) A/B is roughly the same as
A*inv(B), depending
on computational accuracy.

\ Matrix left division mldivide (A, B) A\B is roughly the same as
inv(A)*B, depending
on computational accuracy.

g Array power power (A, B) Ifc=A."B, then
C(I,J)=
A(L, J)"B(I,J).

A Matrix power mpower (A, B) Sce online help for a
discussion of this operator.

" Vector and matrix transpose(A) A.'. Standard vector and
transpose matrix transpose.

! Vector and matrix ctranspose(A) A'.Standard vector and
complex conjugate matrix conjugate transpose.
transpose When Ais real AL = A",

+ Unary plus uplus (A) +Ais the same as 0 + A,

- Unary minus uminus (A) ~Ais the same as 0~ A

or —1*A,
Colon Discussed in Section 2.8,
Table of relational operator Table of logical operator

Operator Name Operator Name

< Less than & AND

<= Less than or equal to | OR

> (J regter than | . NOT

>= Greater than or equal to

== Equal to

~= Not equal to

24



Table of logical function
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Function

Comments

xor (exclusive OR)

all

any

The xor function returns a 1 only if both operands are
logically different; otherwise xor returns a 0.

The all function returns a 1 if all the elements in a
vector are nonzero; otherwise all returns a 0. This
function operates columnwise on matrices.

The any function returns a 1 if any of the elements in a
vector is nonzero; otherwise any returns a 0. This
function operates columnwise on matrices.

a do w 1 T PV
L] ﬂﬂﬁﬂdﬂuﬂmﬁﬂﬂﬂqﬂuuﬁ’Jﬁ&tﬂﬂNﬁﬁW‘ﬁ:

>> A =rand(4,4)
>> A= A*10
>> A =round(A)
>> B =rand(4,4)
>>B =B*10
>> B = round(B)

>C=A+B
>D=A-B
>E=A*B
>F=A*B
>G=A./B
>H=A/B
>>1=A M2
>>J=A "B
>>K=A%2
>L=A
>M=A"
>>N=-A
> 0= +A
>>P=A>=4
>> all(P)

>> any(P)
>> ~P

>>P |~P
>>P & ~P
>> xor(P, ~P)
> xot(P, P)

25




3.10 Image Arithmetic
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Table of the image arithmetic supported by IPT in MATLAB

Function Description

imadd Adds two images; or adds a constant to an image.

imsubtract Subtracts two images; or subtracts a constant from an image.

immultiply Multiplies two images, where the multiplication is
carried out between pairs of corresponding image elements;
or multiplies a constant times an image.

imdivide Divides two images, where the division is carried out
between pairs of corresponding image elements; or divides
an image by a constant.

imabsdiff Computes the absolute difference between two images.

imcomplement  Complements an image. See Section 3.2.1.

imlincomb Computes a linear combination of two or more images. See
Section 5.3.1 for an example.

» Adding Image: imadd
Syntax:
Z =imadd(X,Y)

>> X = uint8([ 255 0 75; 44 225 100]);
>>Y =uint8([ 50 50 50; 50 50 50 71);
>> 7 = imadd(X,Y)

7 =
255 50 12¢
94 255 150

" §19619: Add a constant to an image.
>> | = imread('rice.tif");
>> J = imadd(1,100);
>> subplot(1,2,1), imshow(I)
>> subplot(1,2,2), imshow(J)

" A29079: Add two images together and specify an output class

>> | = imread('rice.tif);
>> imshow(I)

>>J = imread('cameraman.tif');
>> imshow(J)

>>K = imadd(I, I);

>> L =imadd(, J, 'uint16");
>> imshow(K,[]), figure, imshow(L,[])
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>> subplot(1,2,1); imshow(K,[]), xlabel('unit8");
>> subplot(1,2,2); imshow(L,[]), xlabel('uint16");

» Subtracting Image: imsubtract
Syntax:
Z = imsubtract(X,Y)

>> X = uint8([ 255 10 75; 44 225 100]):;
>>Y = uint§([ 50 50 50; 50 50 50 );
>> 7 = imsubtract(X,Y)

L=

205 0 25

0 175 50

*  708749: Subtract a constant to an image.

>> [ = imread('rice.tif");
>> J = imsubtract(l,85);
>> subplot(1,2,1), imshow(I)
>> subplot(1,2,2), imshow(J)

= §100149: Estimate and subtract the background of the rice image:

>> [ = imread('rice.tif");

>> blocks = blkproc(L,[32 32],'min(x(:))");

>> background = imresize(blocks,[256 256], bilinear");
>> Ip = imsubtract(l,background);

>> subplot(1,2,1); imshow(L,[]), xlabel('Before");

>> subplot(1,2,2); imshow(Ip,[]), xlabel(‘After");

» Multiplying Images: immultiply
Syntax:
Z = immultiply(X,Y)

>> I = imread('moon.tif');
>> J = immultiply(1,0.5);
>> subplot(1,2,1), imshow(I)
>> subplot(1,2,2), imshow(J)

> Deviding Image: imdivide
Syntax:
Z = imdivide(X,Y)

>> [ = imread('rice.tif");

>> blocks = blkproc(I,[32 32],'min(x(:))";

>> background = imresize(blocks,[256 256], bilinear");

>> Ip = imdivide(I,background);

>> imshow(Ip,[]) % [] = let imshow scale data automatically

A
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» Complement Image: imcomplement
Syntax:
IM2 = imcomplement(IM)

= @18814: Create the complement of a uint8 array.

>> X =uint8([ 255 10 75; 44 225 100));
>> X2 = imcomplement(X)

> X0 =
0 245 180
211 30 155

"  §19813: Reverse black and white in a binary image.

>> bw = imread('text.tif");
>>bw2 = imcomplement(bw);
>> subplot(1,2,1),imshow(bw)
>> subplot(1,2,2),imshow(bw2)

=  ¢19813: Create the complement of an intensity image.

>> [ = imread('bonemarr.tif');
>> J = imcomplement(]);
>> imshow(1), figure, imshow(J)

> Absolute Different Image: imabsdiff
Syntax:
Z = imabsdiff(X,Y)

>> X = uint8([ 255 10 75; 44 225 100));
>>Y = uint8([ 50 50 50; 50 50 50 ]);
>> Z = imabsdiff(X,Y)

Z=
205 40 25
6 17550

" A20819: Display the absolute difference between a filtered image and the
original.
>> | = imread('cameraman.tif);
>> ] = uint8(filter2(fspecial('gaussian'), I));
>> K = imabsdiff(1,J);
>> imshow(K,[])
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4.3 msiszuamadalaunsy

Histogram Processing

> Histogram

Histogram w189 nauaassuiu pixel vod 150104 intensity #1614
ar p Y

h(ry) = ny,

d:l = 1 o C;.
W rp ADAITSAUNIN & LY

n AedwauinalunmilidszAuanumuidy

e Function imhist();

Syntax:
h = imhist(f);
imhist(f)

h= imhist(f, b),
imhist(f, b)

Example 1: Simple plot image histogram
>> [ = imread('breast.tif");
>> imshow(I)
>> imhist(I)

>> figure, imhist(1, 4)
>> J = imhist(, 4)

>> figure, imhist(I, 10)
>> K = imhist(I, 10)

Example 2: Various ways (imhist, bar, stem, and plot) to plot an image
histogram

>> I = imread('breast.tif');

>> imshow(I)

>>imhist(I) % Plot by the default imhist function

>>h = imhist(]);

>>h1 =h(1:10:256);

>>horz = 1:10:256;

>> figure, bar(horz, hl) % Plot by function bar

>> axis([0 255 0 5000])

>> set(gca, 'xtick’, 0:50:255) % gca: graphics current axis
>> set(gca, 'ytick', 0:2500:5000)

>> figure, stem(horz, h1, 'fill") % Plot by function stem

gl
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>> axis([0 255 0 5000])
>> set(gca, 'xtick', 0:50:255)
>> set(gca, 'ytick', 0:2500:5000)

>> figure, stem(horz, hl, 'r--s', 'fill') % Another plot by function stem
>> axis([0 255 0 5000])

>> set(gca, 'xtick', 0:50:255)

>> set(gca, 'ytick', 0:2500:5000)

>> h = imhist(I);

>> figure, plot(h) % use the default value of plot function
>> axis([0 255 0 5000])

>> set(gca, 'xtick', 0:50:255)

>> set(gca, 'ytick', 0:2500:5000)

>> figure, plot(horz, hl, 'color, 'm', 'linestyle', ‘none', 'marker', 'd")
%Another plot function

>> axis([0 255 0 50007)

>> set(gca, 'xtick', 0:50:255)

>> set(gea, 'ytick', 0:2500:5000)

Symbol Color Symbol Line Style Symbol  Marker
k Black - Solid + Plus sign
w White —— Dashed o Circle
r Red 1 Dotted L Asterisk
g Green —. Dash-dot . Point
b Blue none No line X Cross
c Cyan s Square
¥ Yellow d Diamond
m Magenta none  No marker

Attributes for function stem and plot.

> anuauva (Contrast)

=

Contrast nwdenuanFavesnn fluanuuanieszning diflafiqalunmiuddi

T 4 lé { 1 o .
aehgalunm Gegduuuiuandieiuves contrast (Different types of contrast)

1

" gwiiila dark image) v¢7) histogram nesog l1n1ade

" ;i bright image) 3¢ histogram nesag lin1aun

" nwiid contrast A1 (low contrast) 93 histogram nszyniuey
Tuguaue

" T contrast g9 (high contrast) v¢i] histogram nsz1enugl

33903199

Example: Image with different types of contrast

>> ] = imread('pollen] jpg");
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>> imbhist(I)

>> ] = imread('pollen2.jpg");

>> figure, imhist(J)

>> K = imread('pollen3.jpg");
>> figure, imhist(K)

>> L = imread('pollen4.jpg);
>> figure, imhist(L)

>> figure

>> subplot(4,2,1); imshow(L[]), title('pollen1");

>> subplot(4,2,2); imhist(I), text(125, 4000, 'dark image');
>> subplot(4,2,3); imshow(J,[]), title(‘pollen2");

>> subplot(4,2,4); imhist(J),text(40, 4000, bright image');
>> subplot(4,2,5); imshow(K,[]), title('pollen3");

>> subplot(4,2,6); imhist(K), text(150, 4000, low contrast");
>> subplot(4,2,7); imshow(L,[]), title('pollen4");

>> subplot(4,2,8); imhist(L), text(100, 3000, 'high contrast');

> Histogram Processing

nneflanszunmsUiul e intensity voagnmiiia 1914 histogram Afdnyaizam
ADIMS 191
. . 3 =] o . ) '
- Histogram equalization 1ilun15v14 histogram nsznefusdis
miauonnon
& A [~ o ., A ar A —
- Histogram matching (11un154114 histogram anvazmiiouns i

muall

* Histogram Equalization
k
sk =T(E) = Y pr(r))
J=0
k
-4
j=o

n; = the number of pixels with intensity = ;
N = the number of total pixels
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Med1amsmiuin Histogram Equalization

Intensity | # pixels Accumulative Sum of P,

0 20 20/100=0.2

1 8 (20+5)/100 = 0.25

2 25 (20+5+25)/100 = 0.5

3 10 (20+5+25+10)/100 = 0.6

4 LS (20+5+25+10+15)/100 = 0.75

5 5 (20+5+25+10+15+5)/100 = 0.8
6 10 @+5+25+10+15+5+10)/100= 0.9
7 10 @0+5+25+10+15+5+10+10)/100=1.0
Total 100 1.0

Intensity No. of Pixels Acc Sum | Output value | Quantized
() (n) BEP_ Output (s)
0 20 0.2 02x7=1.4 1

1 5 0.25 Q258 =175 |2

2 25 0.5 0.5%7=3.5 3

3 10 0.6 0.6%7=4.2 4

4 15 0.75 057527 =585 |5

5 5 0.8 0.8¥7=5.6 6

6 10 0.9 0.9%7=6.3 6

7 10 1.0 1.0x7=17 7

Total 100

Histogram Equalization lu MATLAB
Function histeq();

Syntax:

g = histeq(f, nlev);

fis the input image
nlev is the number of intensity levels specified for the output image
(default value is 64 but should use 256).
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v ]
Note: 11514 #afidu histeq ¥o9 Matlab 1iué113i1d parameter fifvua level vz

default 110U 64 Fad0819
>> histeq(I);

' 1 { o < £ o
w5095 1d parameter Aifdvua level oeldidlu 256 Favziilulaumaug

v93IM 511 histogram equalization #4A219619
>> histeq(1, 256);

T o v dAy Y ) u’: =1 " v 1 o
i’JFJ'N‘l'iﬂﬂ']iJNﬂﬂW‘ﬁﬂulﬂiﬂﬂﬂTiﬂ']ﬂuﬂ level VI\‘]ﬁ@\il!ﬂﬂﬂulﬂulﬂllﬂﬂﬂwﬂulﬂﬂ

ar

HMN

Examplel:
>> | = imread('tire.tif"),
>> ] = histeq(I); %odefault to 64 level
>> imshow(I), figure, imshow(J)
>> figure, imhist(J), ylim(‘auto")

>> K = histeq(I,256); %default to 64 level but should use 256
>> figure, imshow(K)
>> figure, imhist(K), ylim(‘auto")

Example2:
>> f= imread('pollenl.jpg’);
>> imshow(f)
>> figure, imhist(f), ylim('auto')
>> g = histeq(f, 256);
>> figure, imshow(g);
>> figure, imhist(g), ylim('auto");

Example3:
>>] = imread('pollenl.jpg);
>> ] = imread('pollen2.jpg");
>>K = imread('pollen3.jpg");
>> L = imread('pollen4.jpg");

>> figure

>> subplot(4,2,1); imshow(L,[]), title('pollenl");

>> subplot(4,2,2); imhist(I), text(125, 4000, 'dark image");
>> subplot(4,2,3); imshow(J,[]), title('pollen2");

>> subplot(4,2,4); imhist(J),text(40, 4000, 'bright image");
>> subplot(4,2,5); imshow(K,[]), title('pollen3");

>> subplot(4,2,6); imhist(K), text(150, 4000, 'low contrast');
>> subplot(4,2,7); imshow(L,[]), title('pollen4");

>> subplot(4,2,8); imhist(L), text(100, 3000, 'high contrast');
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>> figure

>> subplot(4,2,1); histeq(I,256); I=histeq(I); title('histeq pollen1");

>> subplot(4,2,2); imhist(II);

>> subplot(4,2,3); histeq(J,256); JI=histeq(J); title(‘histeq pollen2');
>> subplot(4,2,4); imhist(J]);

>> subplot(4,2,5); histeq(K,256); KK=histeq(K); title('histeq pollen3');
>> subplot(4,2,6); imhist(KK);

>> subplot(4,2,7); histeq(L,256); LL=histeq(L); title(‘histeq pollend);
>> subplot(4,2,8); imhist(LL);

* Histogram Matching

3 o @ o % a P o3 o o o ]
Y09INAYDY histogram equalization 9 Wun1sAIvuadanFuAIUUUIUUAY
1 o [ v d d @ ~ LY ] A =1
wnziluvesszauanumvosnmradnsiudnsarsluuuiinieds nande u

d o ] ' w 1 o ] ﬂ,l,
Handuanunuivanuizduvesssfuanumhuuaitayewingy aneanu
1 1 p J = s =]
71 flaugdAn histogram voemw input Hnsi/Feulasly Harsui 1 lumsudasad
1 = { 0 g . v 4 =1 o
T ldTmsuaounlasmulUdae il luuienss histogram equalization & 14Hadns

nhialumsuSurlgenanmfunwunsuu §faet1e nm Moon Phobos

Original % 10°

- N W &~ U0 O

(=]

After histeq x10*

QO = N W s 0D

0 50 100 150 200 250
. S . A o v e [~
1514 histogram equalization fivh1#n mmadnif Iailuamuuy low contrast 11/

A 1 -] ar d;
a9 T g I nsUfulequnwvesnnddy
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i
AU M TUMWUA K581y Applications U19%iia (5191988413 1M INHAE WSS
o o ' ' oy o dj P
ansazmwzvesilanduanumnuiuanuinzduvosseduanumuiiu ldaudie
é . . IS 1 (-3 1 -3 = { 1
#8015 %9 histogram equalization ‘liannsadild unanson1dge35 A5 en
histogram  matching 3001958071 ITMsAIMUAGAYULIANIZYD4 histogram
(histogram specification) AsAI0819 HBNNLUGI8AD model YoadnLUL histogram
v od g Yy oy oA 2 Sy v o .
VOIMNHAANS T 1FA09m5 Laznwa19defie histogram #1'ld11nA137i1 histogram
- é L . { o § T

matching %4 1danyazuad histogram lndiReeiu model Hidoan5 FIUAMINIYN

‘:1‘] w n‘q'uly ° . g = Ay vad
HuUNMWHAAWDN lA91AN131 histogram matching &aganImueIn i IAdTLNIN

0.02 1 T T T T

0.015

0.01

0.005

0 1 1 i 1 !
0 50 00 150 200 250

0 S0 100 150 20 250
Histogram Matching of Moon Phobos Image

Note: v Matlab viufainse14ilenin histeq 141591 histogram matching 1&us
doafl input iy vector voe model voq histogram H1484A1511ADY R4
A100719
>> histeq(, P);

o P i vector (row or column matrix) Fuilu model 494 histogram i

)
ADINIT
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4.4 Spatial Filtering

» Fundamental of Spatial Filter
® Basic Mask Processing

Sometime we need to manipulate values obtained from neighboring pixels

Example: How can we compute an average value of pixels in a 3x3 region
center at a pixel f{x,y)?

Pixel f(x, 17

2 41 2 6§ 2
9 2 3 4/
7 2 9@6 7
§ M3 6 1 5
[ | o 1L 2
209 K8 3 2 8
Image
Step 1. Selected only needed pixels
Pixel f(x,3
2 4 1 2454 2
9 2 3 4/ 3144
7 2 9@6 7 m]:> 9716
5 2 3MG N B - b o
7 4 L :
2 S8 NE
Image

Step 2. Multiply every pixel by 1/9 and then sum up the values

3 4
716 1 1 1
. v=—-3+—-4+-_.4
3161 5 : :
+l-9+l ?+l.6
X 0 59+ T
I, 1 1
1 R Masl or +-9"'7+§-6+§-1
— {1 1{1] Window or
? A Template
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Mask processing to every pixels

3 401 2 & {3
9 213 4 4 |4
7 2 19l7 6|7
5 2 3l[6 1 5
7 4 2f|5 1 2

Step 1: Move the window to the first location where we want to compute the
average value and then select only pixels inside the window.

7 4 1]2 &2 2 4 1
9@3444:{‘)923
7 2 9|7 Jd 13 72 9
> 2 3 61 5 Sub image p
7 4 2 5l 1a 2

Oniginal image

Step 2: Compute the average value

=3

i=1j

- Vel |

MUJ

L8
9

Step 3: Place the result at the pixel in the output image

Output image

Step 4: Move the window to the next location and go to Step 2

Note: Wording mask was named by different words but the same meaning such
window, template, kernel, filter, filter mask or convolution filter.

Mask can be any size of m x n that m = 2a+1 and n = 2b+1 where a and
b are nonnegative integers
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» Spatial Filter in Matlab

Example 1:  Simple computes mean value directly from the generated data
>> x = uint8(10*magic(5))
x:

170 240 10 80 150
230 50 70 140 160
40 60 130 200 220
100 120 190 210 30
110 180 250 20 90
>>mean2(x(1:3,1:3))
ans =
111.1111
>>mean2(x(1:3,2:4))

ans =

108.8889

Example 2:  Use imfilter function of IPT (Image Processing Toolbox)
Syntax:

g = imfilter(f; w, filtering_mode, boundary _options, size_options)

Note: See the detail syntax of imfilter function by using help (>> help imfilter)

>> f=uint8(10*magic(5))
f=

170 240 10 80 150
230 50 70 140 160
40 60 130 200 220
100 120 190 210 30
110 180 250 20 90

>>w = ones(3,3)/9
w:
0.1111 0.1111 0.1111

0.1111 0.1111 0.1111
0.1111 0O.1111 9Q.1111
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>> imfilter(f, w)
ans =

77 86 66 68 59
88 111 109 129 106
b7 110 130 150 107
68 131 151 149 86
57 106 108 88 39

>> = uint8(zeros(5))

f:
00 0 0 0
00 0 0 0
0 0 0 0 0
00 0 0 0
00 0 0 0

>>£(3,3) =1

f=
00 0 0 0
0 0 0 0 0
0 0 1 0 0
00 0 0 0
0 0 0 0 0

>>w=[123;456;789]

W:

~ B =
o W
O N W

>> imfilter(f,w)

ans =

OO OO C
SO WAoo
O Moo O
O = A 0O
SO OO

>> imfilter(f,w,'corr")
ans =

o OO
3N O O
L oo O
O
(= e ]
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0 0 0 0 O

>> imfilter(f,w,'conv")

ans =
0 0 0 0 0
0 1 2 3 O
0 4 5 6 0
0 7 8 9 0
0 0 0 0 O

>> imfilter(f,w,'corr’, 'same')

ans =

[ Qo i . B el o
O WO O
O N oo O
[ -SSR -]
SO O OO

>> imfilter(f,w,'corr’, 'full")

ans =

SO OO0 OO
QO COOoOOCO
OO WO OoOO
DO N Lo OO
SO~ h OO

Example: Test for boundary options

>> imfilter(f,w)

ans =

Coo g
O WO O
O N WL oo O
O =k~ 30
O OO OO

>> imfilter(f,w,0)

ans =

o OO
O O
Lh o0 O
B N )
o OO

CO OO0 O

SO, Ol Ol
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O =
o O

>> imfilter(f,w,1)

ans =
17 6 6 6 21
12 9 8 7 18
12 6 5 4 18
12 3 2 1 18
29 24 24 24 33

>> imfilter(f,w,255)

ans =

255 255 15§ 255 239

255 5 §
255 6 5
255 3 2

7 255
4 255
1 255

235 255 255 255 B55

Options

Description

"Eore
‘conv'

P
‘replicate’
'symmetric’
‘circular’

Size Options
"full'

'same’

Filrering Mode

Filtering is done using correlation (see Figs. 3.13 and 3.14). This is
the default.
Filtering is done using convolution (sce Figs, 3.13 and 3.14).

Boundary Options

“The boundaries of the input image are extended by padding with a
value, P (writlen without quotes). This is the default, with value 0.
The size of the image is extended by replicating the values in its
outer border.

‘The size of the image is extended by mirror-reflecting it across its
baorder.

‘The size of the image is extended by treating the image as one
period a 2-ID periodic function.

The output is of the same size as the extended (padded) image
(see Figs. 3.13 and 3.14).

The output is of the same size as the input. This is achieved by
limiting the excursions of the center of the filter mask to points
contained in the original image (see Figs. 3.13 and 3.14). This is
the default.

Options for function imfilter
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Correlation Convolution
o~ Origin f w o~ Origin f w rotated 180°
@00010000 123240 00010000 02321 )
(b) 00010000 00010000 (1)
2320 02321

t Starting position alignment

’__1':__‘_— Zero padding _|——L——,

©0000000100000000 00
320

o=
[
=

00100000000 (k)

fud
[
(5
33

do0o00O00O0OTIOO0OD000D00 00 0100000000
320

<
[ 38 B
'S I el
| % |
—_o

3 Position after one shift

00000001 00000000 0000000100000000 (m)
123290 02321
L Position after four shifts
MHooo00D001TLOD0OD000DO0O 0000000100000000 (n)
12320 02321
Final position 2
"full' correlation result "“full' convolution result
(g) 000023210000 000123200000 (0)
"same ' correlation result 'same' convolution result
{(h) 00232100 01232000 (p)

One-dimension correlation and convolution
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Padded f

D000 DO0OD N0
0gago00ag0g0010n0
00000000

- Origin of f(x, y) 000000000
00000 OG0 010000
000006 wxy) 0000060000
00100 123 BDO0O0000000
00000 456 O000000DOQD0
00000 789 0Oa0000000

(a) (b)
< Initial position forw  *full' correlation result 'same ' correlation result
N723000000 CGO000000 00000
56000000 CO0000D0O0O0 609870
789000000 GOO0060000 6540
D00000000 000987000 0632190
D000 T1TO0DO0OD 000654000 00000
GO0000000 89032 L8600
O g8n 60000000
00000000 OOGCO0O0OO00000
00000000 Q00000000

(c) (d) (e)

Rotated w 'full' convolution result ‘same’ convolution result

87000000 000000000 HD0000
654000000 D60 000000 01230
B2Uooo0oo000 DB0000000 045610
O00000000 B 0%m1 23000 078910
000010000 00456000 00600
DO00000000 D00789000
000000000 D000 0G0000
000000000 0 00 09O0W 90 0
DOGOO0OO000M0 00 0000000

(N (g) (h)

Two-dimension correlation and convolution

Example 3:  Test boundary options of function imfilter

>> {'=imread('block.tif'); %image of ‘block.tif’ can load from moodle
>> f'= im2double(f);

>> subplot(2,3,1); imshow(f,[]), title('original’);

>>w = ones(31);

>> gd = imfilter(f, w);
>> subplot(2,3,2); imshow(gd,[]), title('default to zeros');

>> gr = imfilter(f, w, replicate");
>> subplot(2,3,3); imshow(gr,[]), title('replicate');

>> gs = imfilter(f, w, 'symmetric');
>> subplot(2,3,4); imshow(gs,[]), title('symmetric");

>> gc = imfilter(f, w, 'circular");
>> subplot(2,3,5); imshow(gc,[]), title('circular');
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>> 8 = im2uint8(f);
>> g8r = imfilter(f8, w, 'replicate');
>> subplot(2,3,6); imshow(g8r,[]), title('class uint8');

original default to zeros replicate

symmetric circular class uint8

Result of Example 3

» Linear Spatial Filter
o Function fspecial() l5luny generate filter mask LWLy linear filter
Syntax:

w = fspecial(‘type’, parameters)

e . . i v

D9 type UAz parameters MANIDMUKAZULLLGAY Td9n anTediuens
P A A ] | A

lasfluifiaznanituanis mask uuuselufida

4 & (o
average Talumsvhlwninidauau (blurring image)

—_

-3 v = J

2. gaussian Ttlumsvinlwmwioudu (blurring image)
0 34 -‘I .

3. laplacian Talun s lnwautu (sharpening image)
o q v x

4. log lalumsvilwmnwaudn (sharpening image)
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Type Syntax and Parameters

‘average’ fspecial{’average', [r c]).A rectangular averaging filter of
size r x ¢.The defaultis 3 % 3. A single number instead of
[r c] specifies a square filter.

‘disk’ fspecial('disk’, r).A circular averaging filter (within a
square of size 2r + 1) with radius r. The default radius is 3.
‘gaussian’ fspecial('gaussian’, [r ¢], sig).A Gaussian lowpass filter

of size r x ¢ and standard deviation sig (positive). The defaults
are 3 X 3 and 0.5. A single number instead of {r ¢} specifies a
square filter.

'laplacian' fspecial('laplacian', alpha).A 3 X 3 Laplacian filter whose
shape is specified by alpha, a number in the range [0, 1]. The
default value for alpha is 0.5.

"log’ fspecial{'log', [r c], sig).Laplacian of a Gaussian (LoG)
filter of size r x ¢ and standard deviation sig (positive). The
defaultsare 5 X 5 and (L5. A single number instead of [ ¢]
specifies a square (ilter.

‘motion’ fspecial({'motion’, len, theta).Qutputs a filter that, when
convolved with an image, approximates linear motion (of a
camera with respect to the image) of len pixels. The direction of
maotion is theta, measured in degrees, counterclockwise from the
horizontal. The defaults are 9 and 0, which represents a motion of
9 pixels in the horizontal direction.

‘prewitt’ fspecial('prewitt'). Quiputs a3 X 3 Prewitt mask, wy, that
approximales a vertical gradient. A mask for the horizontal
gradient is obtained by transposing the result:wh = wy',

‘sobel’ fspecial('sobel'). Qutputs a 3 X 3 Sobel mask, sv, that
approximales a vertical gradient. A mask for the horizontal
gradient is obtained by transposing the result: sh = sv*,

'unsharp’ fspecial('unsharp', alpha).Outputsa3 X 3 unsharp filter.
Parameter alpha controls the shape; it must be greater than 0 and
less than or equal to 1.0; the default is 0.2,

Spatial filters (Mask types) supported by function fspecial

Example: Generate average masks
>>w = fspecial(‘average', [3 3])
w=

0.1111 0.1111 0.1111

0.1111 0.1111 0.1111

011Ll 81111 00111
>> w = fspecial(‘average', 3)
W:

0.1111 0.1111 0.1111

0.1111 0.1111 0.1111

0.1111 0.1111 0.1111

>>w = fspecial('average', [7 5])

W=
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0.0286 0.0286 0.0286 0.0286 0.0286
0.0286 0.0286 0.0286 0.0286 0.0286
0.0286 0.0286 0.0286 0.0286 0.0286
0.0286 0.0286 0.0286 0.0286 0.0286
0.0286 0.0286 0.0286 0.0286 0.0286
0.0286 0.0286 0.0286 0.0286 0.0286
0.0286 0.0286 0.0286 0.0286 0.0286

Example: Generate gaussian masks

>> w = fspecial('gaussian’, [5 5], 1)
W =

0.0030 0.0133 0.0219 0.0133 0.0030
0.0133 0.0596 0.0983 0.0596 0.0133
0.0219 0.0983 0.1621 0.0983 0.0219
0.0133 0.0596 0.0983 0.0596 0.0133
0.0030 0.0133 0.0219 0.0133 0.0030

>>w = fspecial('gaussian’, [5 5], 2)
w =

0.0232 0.0338 0.0383 0.0338 0.0232
0.0338 0.0492 0.0558 0.0492 0.0338
0.0383 0.0558 0.0632 0.0558 0.0383
0.0338 0.0492 0.0558 0.0492 0.0338
0.0232 0.0338 0.0383 0.0338 0.0232

>>w = fspecial('gaussian’, [7 7], 3)
w —4

0.0113° 0.0149 0.0176 0.0186 ~0.0176 0.0149 0.0113
0.0149 0.0197 0.0233 '0.0246 0.0233 0.0197 0.0149
0.0176 0.0233 0.0275 0.0290 0.0275 0.0233 0.0176
0.0186 0.0246 0.0290 0.0307 0.0290 0.0246 0.0186
0.0176 0.0233 0.0275 0.0290 0.0275 0.0233 0.0176
0.0149 0.0197 0.0233 0.0246 0.0233 0.0197 0.0149
0.0113 0.0149 0.0176 0.0186 0.0176 0.0149 0.0113

Example: Plot the distribution of gaussian masks by surface plot

>> w1 = fspecial('gaussian',[50 50], 3);
>> surf(1:50, 1:50, wl)

>> w2 = fspecial('gaussian’,[50 50], 9);
>> figure, surf(1:50, 1:50, w2)
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Example: Generate laplacian masks

>> w = fspecial('laplacian’)

w:

0.1667 0.6667
-3.3333
0.1667 0.6667

0.6667

0.1667
0.6667
0.1667

>> w = fspecial('laplacian',0.2)

w:

0.1667 0.6667 0.1667

0.6667

-3.3333  0.6667

0.1667 0.6667 0.1667

>>w = fspecial('laplacian’,1)

w:

0.5000

0 0.5000

0 -2.0000
0 0.5000

0.5000

0
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Example: Generate laplacian of Gaussian (1oG) masks

>> w = fspecial('log')

W:

0.0448
0.0468
0.0564
0.0468
0.0448

0.0468
0.3167
0.7146
0.3167
0.0468

0.0564
0.7146
-4.9048
0.7146
0.0564

>>w = fspecial('log',5,0.5)

w:

0.0448
0.0468
0.0564
0.0468
0.0448

0.0468
0.3167
0.7146
0.3167
0.0468

0.0564
0.7146
-4.9048
0.7146
0.0564

>> w = fspecial('log',3,1)

w =

0.1004

-0.0234

0.1004

-0.0234 0.1004
-0.3079
-0.0234 0.1004

-0.0234

0.0468
0.3167
0.7146
0.3167
0.0468

0.0468
03167
0.7146
0.3167
0.0468
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» Nonlinear Spatial Filter

ndnuuyliidadwiniannnslddinisas (statistic) 17U F1NA19 A10NFN
u.a:fh@“i']q@maos:é’um’mmwaa pixel ﬁa;Jj'mu'l.umz?nmﬁmumﬂumi:ﬁumﬂmm'lmi
U89 pixel LWAIW @hLmﬂa'?ia%im'sanmwﬁﬂ Tufiffaznannfaamzandnuundinans
(median  fiiter) TolFlun v lWnmidenin (lurring image) LTWLALAIAUAUNNFNUUULE
AT Lwimwﬁ"[é’mnms'l"ﬁmﬁmmuﬁmmw:tﬁauﬁaﬂn'i'i'l,wm:ﬁmm'mﬁﬁm
sygrmsumulunmuldnadinnni lasemzfygasuniusiandeuazninlng (salt

and pepper noise)

o Function medfilt2()
Syntax:

g = medfilt2(f, [m n], padopt)

4.5 M inwiRon
Blurring Images

M ldmwiieunsansiuaenIweis Fondnadnsinisindaniw ( Smoothing )
f’i‘rouaﬂmna:ﬁNaﬁﬂﬁ’mmﬂmf@ﬁnmﬂuaumwﬂfauaauﬁaﬂ’dﬁﬂﬁﬁm_,rywmmmu (noise)
malunwaaasaylldas Tﬂﬂﬁl”avl.ﬂusi":nﬂmaamwﬁa:’tﬁﬁﬁmi’mqmmmﬁnf] Tunw
n'auﬁ:a:ﬁﬁmmum&mﬁ’mqmma’lmﬁﬁaams ( Object Extraction ) wananiigslslu
mudandatosineszning zu?nmﬁayjﬁﬂﬁ’umhﬁwﬁu Fy 2 Unoniueraiuanaiu
u‘%nmmaﬁmqé’ut@imﬁ'mwﬁLﬁﬂmﬂ3Jﬁ@wmmmaﬂs:miﬁﬁﬂﬁﬂ%nmﬁv’aaaamﬂaaﬂmn
1w tHuen

wanmanalduesmstinwusedl do nsdmamndiszauanumanlngld
dunie fixy)  lagdmwinaindaisussszauanumassfinisatiadoenielwungn
nﬂilﬁﬁqtaﬁufua:ﬁNamnu‘i‘nmﬁLﬂuLﬁmawaﬁmq FBENIL T ﬁ'ﬁwqﬁﬁmafhuﬁu
nRINMWARRFMIaINIUED 3:GTUﬂ’nu|.wwaau‘i‘nmL§umaumwa:gna@ﬁﬂmﬁ’r'lﬁﬁﬁm'n
naiw (Lﬁaa@i"]yﬂ"n,aﬁumaou‘%nmmulumf?ﬂﬁ]:ﬁﬂ"w‘hn'hms:ﬁumwm'lL@‘lmjaa
ANTaUUERIaY ) Mldanuuand1svedszaduaum mu“%nmmaui’ﬂqamaa"l.ﬂ

Uhawsunwuardniiliudygrasuniwinduudnodinnudsuu s
FAUANUG ﬁ'ﬂmﬁﬁmmﬁaaaﬁﬂsznaumﬂuﬁluu’%nmﬁﬁﬂauﬁmﬁﬂ"];ﬁ MIuA8
mw%atﬂum'sﬁﬂﬁmaaﬁﬂi:nanmwﬁ'fgwmmwégaﬁumuvl.ﬂ FI%H  NITLUREAWI
Lﬁummﬁ’umimaamm’mﬁgaaaﬂ‘lﬂ e iudduiifasdusznauanuiidn wiaden
Ieuiludansasuuniiuen ( Low pass Filter )
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A18819n151T9% average mask Llamﬁﬂgﬂ‘lu Example 4 U8z Example 5 @1ua19
T Example 4 Mwdnauwdumuwasduama 500 x 500 Ainaa fi5esfUsnaymnas
Tqiaflogdmun 1w1a 3x3,5x5,9x9, 1515, 25x 25,35 x 35, 45 x 45, UA:
55 x 55 WNLIAMUAINY TzHRWTEHILdasBmABNYINY 25 ANl easnEs a i
aganuavliumia 10, 12, 14, 16, 18, 20, 22 uaz 24 0 MUAEY GIBNBT a @
"lmyjﬁwuuuqﬂmaamwﬁmmm 60 90 USimanIna NNl sznaudsnguliua w5
x 100 AN@RITEIIwINA% lafiszusiasendnaiuyinty 20 Anas mjummonauﬁ
a%imﬁana;umwLé’umaﬁmmmﬁumguﬁnmmﬁﬁ’u 25 Wnrausziszauanumf
ufiar 20%  mwsasuiiRumwwE e fnEsufiuiuwe 50 x 120 Anwmad
Usznaudsdyarasuniunmeluagiudiafavesnin anmsiuaaniudaduiidae
AENUWA 3x3,5x5,9x9, 15 x 15 Uas 35 x 35 waawiildae mwﬁmﬁalugﬂ
Goymnuuasinedilyn muddy ssduldhndnumalngasihlidaglawaiin
nmelle waziiduasefiGosuumudanadeudedaiuiam

A29819N1 71T gaussian mask LLﬁ@ldﬁdgﬂ‘lu Example 6 W8z Example 7 @0
ﬁuﬂi:ﬁn'ﬁrﬁaumﬁm{wﬁnmﬁmfm:ﬁmgaq@'ﬁ'manmau.a:a:ﬁmamuﬁa‘sw:mmﬁr_l'u
ﬁ'w‘i'umﬁaﬂmamﬁnﬁm:jaﬁfu m@lwa'ﬁLi‘JuLﬁuf:ﬁL'ﬁaiﬁﬁﬂﬁlﬁwmsmaamwmn
awfiuly Lﬁaomﬂﬁmmaﬂ"mﬁmﬁ"a;‘uj'vlnaG] ﬁt:vl.aifmamﬂL“finﬁuﬁmmaﬁaglnﬁniﬂ i3

aaﬂﬂﬁaaﬁwﬁ’ﬂmwmmwﬁ'ﬂﬂﬁ'hﬁnL‘naﬁa%ilnﬁﬁ'uﬁ’ﬂﬁfm:ﬁumnmm'l,ﬂé’l,ﬁmﬁ'u

e gadnisvinlinwifawlaaly Linear Spatial Filter
Example 4 uaz Example 5 \udatgwmsildniwiieunlasldundn average dm
Example 6 Wz Example 7 [usadanmsinldniwdeunlasltundn Gaussian

Example 4:  Blurring image with average masks to ‘pattern. tif’

>> f'= imread('pattern.tif');
>> f'= im2double(f);
>> subplot(2,3,1); imshow(f), title('original');

>> w = fspecial('average', [3 3]);
>> gw3 = imfilter(f, w);
>> subplot(2,3,2); imshow(gw3), title('avg. mask 3x3");

>>w = fspecial(‘average', [5 5]);
>> gw5 = imfilter(f, w);
>> subplot(2,3,3); imshow(gw35), title('avg. mask 5x5");

>>w = fspecial('average', [9 9]);

>> gw9 = imfilter(f, w);
>> subplot(2,3,4); imshow(gw?9), title('avg. mask 9x9";
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>>w = fspecial('average', [15 15]);
>> gwl5 = imfilter(f, w);
>> subplot(2,3,5); imshow(gw15), title('avg. mask 15x15");

>> w = fspecial('average', [35 35]);
>> gw35 = imfilter(f, w);
>> subplot(2,3,6); imshow(gw35), title('avg. mask 35x35");

Example 5:  Blurring image with average masks to ‘cameraman.tif’
>> f = imread('cameraman. tif");

>> f=im2double(f);

>> subplot(2,2,1); imshow(f), title('original");

>>w = fspecial('average');
>> gw3 = imfilter(f, w);
>> subplot(2,2,2); imshow(gw3), title('avg. mask 3x3");

>>w = fspecial(‘average', 9);
>> gw9 = imfilter(f, w);
>> subplot(2,2,3); imshow(gw9), title('avg. mask 9x9");

>> w = fspecial('average', 25);
>> gw25 = imfilter(f, w);
>> subplot(2,2,4); imshow(gw25), title('avg. mask 25x25";

original avg. mask 3x3 avg. mask 5x5
T Y | c.aomml -«amE N
vl .d v d
e00 ¥ s00 see
JACEEL 11 1
aaaaaadadd aaaaadaad :1aaaaaaa;
avg. mask 9x9 avg. mask 15x15 avg. mask 35x35

,.,a"' 1"”%‘ g*"

a
e

szaagaad
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i

rasaadaq

e &
!
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Result of Example 4

original avg. mask 3x3

avg. mask 9x9 avg. mask 25x25

Result of Example 5

Example 6: Blurring image with gaussian masks to “pattern.tif’

>> f'= imread('pattern.tif');
>> f= im2double(f);
>> subplot(2,3,1); imshow(£,[]), title(‘original’);

>>w = fspecial('gaussian’, [9 9], 3);
>> gwl = imfilter(f, w);
>> subplot(2,3,2); imshow(gw1,[]), title('gauss. 9x9, 3");

>>w = fspecial('gaussian’, [15 15], 1);
>> gw2 = imfilter(f, w);
>> subplot(2,3,3); imshow(gw2,[]), title('gauss. 15x15, 1");

>>w = fspecial('gaussian', [15 15], 5);
>> gw3 = imfilter(f, w);
>> subplot(2,3,4); imshow(gw3,[]), title('gauss. 15x15, 5");

>> w = fspecial('gaussian’, [35 35], 1);
>> gw4 = imfilter(f, w);
>> subplot(2,3,5); imshow(gw4,[]), title('gauss. 35x35, 1");

>> w = fspecial('gaussian', [35 35], 5);

>> gw5 = imfilter(f, w);
>> subplot(2,3,6); imshow(gw5,[]), title('gauss. 35x35, 5');
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Example 7:

>> = imread('cameraman.tif’);

Result of Example 6

Blurring image with gaussian masks to ‘cameraman.tif’

>> f= im2double(f);

>> w = fspecial('gaussian’, [9 9], 1);
>>gwl = imfilter(f, w);
>> subplot(2,2,1); imshow(gw1), title('gauss. 9x9, 1");

>> w = fspecial('gaussian’, [9 9], 3);
>> gw2 = imfilter(f, w);
>> subplot(2,2,2); imshow(gw2), title('gauss. 9x9, 3");

>>w = fspecial('gaussian, [25 25], 1);
>> gw3 = imfilter(f, w);

>> subplot(2,2,3); imshow(gw3), title('gauss. 25x25, 1");

>> w = fspecial('gaussian', [25 25], 6);
>> gw4 = imfilter(f, w);

>> subplot(2,2,4); imshow(gw4), title('gauss. 25x25, 6");
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gauss. 9x9, 1 gauss. 9x9, 3

gauss. 25x25, 6

Result of Example 7

magnvi linimaauuazn13i19a noise lasld Nonlinear Spatial Filter

Example 8 : Blurring image with gaussian masks to ‘cameraman.tif’

>> = imread('board.tif");
>> subplot(1,3,1); imshow(f), title('original’);

>> g = imread('st_pp_board.tif");
>> g = im2double(g);
>> subplot(1,3,2); imshow(g), title('add salt & pepper noise');

>> fn = medfiltag);
>> subplot(1,3,3); imshow(fn), title('after use median filter');
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original add salt & pepper noise after use median filter

"3 4 . e
'£ =3

®
H

] [

Result of Example 8
4.6 My lvnnan

Sharpening Images
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Example 9 : Sharpening image of ‘cameraman.tif> by laplacian and log mask

>> f = imread('cameraman.tif');
>> f=im2double(f);

>>w = fspecial('laplacian’);

>> fwl = imfilter(f, w);

>> subplot(2,2,1); imshow(fw1), title('default laplacian (3x3, 0.2)");
>> w = fspecial('laplacian',0.75);

>> fw2 = imfilter(f, w);

>> subplot(2,2,2); imshow(fw2), title('laplacian (3x3, 0.75)");

>> w = fspecial('log");
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>> fw3 = imfilter(f, w);
>> subplot(2,2,3); imshow(fw3), title('default loG (5x5, 0.5)");

>>w = fspecial('log', [5 5], 0.4);

>> fwd = imfilter(f, w),
>> subplot(2,2,4); imshow(fw4), title(loG (5x5, 0.4)");

default laplacian (3x3, 0.2) laplacian (3x3, 0.75)

default loG (5x5, 0.5) loG (5x5, 0.4)

Result of Example 9
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uni 5: MmstszanananafaguvreanIn
Morphological Image Processing

Morphological processing comes from the word “morphing” in Biology which
means ‘“changing a shape”.

Image morphological processing is used to manipulate object shapes such as
thinning, thickening, and filling.

U‘d‘!’ v :; s L7
5.1 ﬂ?1N§!U®Qﬂulﬂﬁ?ﬂ1]ﬂ1iﬂixﬂ’)ﬂﬂﬂﬂ1ﬁﬁﬂ3§]u‘“ﬂﬂﬂ1w

* Some Basic Concepts from Set Theory
Concept of a set in binary image morphology:

Each set may represent one object. Each pixel (x,y) has its status: belong to a set
or not belong to a set.

abc
d e
FIGURE 9.1
{(a) Two sets A
A i e and B. (b) The
AU B (" ANB union of A and B.
(¢) The
h intersection of A
and B. (d) The
complement of A.
(e) The difference
between A and B.
Ar—
(4 4 ‘::;\ ;7 ] ‘
(AY
MATLAB Expression
Set Operation for Binary Images Name
AMNB A&B AND
AUB AlB OR
A ~A NOT
A-B A& ~B DIFFERENCE
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e Translation and Refection

Translation:

(A)Z={c|c=a+z, foraeA}

Reflection:

B= {wlw:—b, forbeB}

ab

FIGURE 9.2

(a) Transtation of
i} A h}' Z.

(b) Reflection of

£.The sets A and

B are from

(A). ! Fig. 9.1,

B 1 2 3 4 0 1 2 3 4
0 @ 0
llo|l®o|® 1
2 @ 2 O
3 3 ®o|lo| @
4 4 L
5 5

A A

Example of Translation

-3 O

—2 ® o

—1| @@ k@

0 ® &

| LR AN
2 ®| e
3 ®

Example of Reflection
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5.2 Dilation and Erosion

£

i

Dilation
Dilation is an operation that “grows” or “thickens” objects in a binary image.

The specific manner and extent of this thickening is controlled by a shape
referred to as a structuring element.

DIP Using MATLAB, CPE, SUT

Mathematically, dilation is defined in terms of set operations.

The dilation of 4 by B, denoted 4 @ B is defined as
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FIGURE 9.4
Hlustration of
dilation.

(a) Original image
with rectangular
object.

(b) Structuring
clement with five
pixels arranged in
a diagonal line.
The origin of the
structuring
element is shown
with a dark
border,

(¢) Structuring
clement
translated to
several locations
on the image.

(d) Output image.
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Historically, certain computer
programs were written using
oniy two digits rather than
four to define the applicable
year. Accordingly, tha
company's software may
recognize a date using "00"
as 1900 rather than the

2000.
el

Erosion

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using 00"
as 1900 rather than the

—ea

0110

a6
b

FIGURE 9.5

(a) Sample text of
poor resolution
with broken
characters
{magnified view).
(b) Structuring
clement.

(¢) Dilation of (a)
by (b). Broken
segments were
joined.

Erosion is an operation that “shrinks” or “thins” objects in a binary image.
The specific manner and extent of shrinking is controlled by a shape referred to

as a structuring element also.

Mathematically, dilation is defined in terms of set operations.
The dilation of 4 by B, denoted A®B is defined as

AGB=1{z|(B), M 4° # ¢}
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5.3 Combining Dilation and Erosion
e Opening and Closing

o Opening: Erosion follows by Dilation

The morphology opening of A by B, denoted by Ao B, is simply
erosion of A by B, followed by dilation of the result by B

AoB=(4OB)® B
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An alternative mathematical formulation of opening is
Ao B=U{(B),|(B), c 4}

Thatis A o B is the union of all translations of B that fit entirely within
A

Closing: Dilation follows by Erosion

The morphology closing of A by B, denoted by Ae B, is simply
dilation of A by B, followed by erosion of the result by B

AeB=(A® B)®B

Thatis A4 e B is the complement of the union of all translation of B that
do not overlap A.

OB /'Ir.'m,\!:ncs of Binside A AoR
/ K@X E é:; i)\ m
/V\ Y _
Translates of #8
A e B
7

FIGURE 9.9 Opcening and closing as unions of translated structuring clements. (a) Set A and strug-
turing clement B. (b) Translations of B that fit entirely within set A. (¢) The complete opening
(shaded). (d) Translations of B outside the border of A. (¢)The complete closing (shaded).
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Example of Opening:

.

-

-

St

A*B=(ASB)®B

Example of Closing:

|

-
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N

A& B

——————— e,

IIIII

A*B=(A®RSR

I s

E——————

|||||||||||||

72



DIP Using MATLAB, CPE, SUT

abeg

FIGURE 9.11 (a) Noisy fingerprint image. (b) Opening of image. (¢) Opening followed by closing. (Original
image courtesy of the National Institute of Standards and Technology.)

e The Hit-or-Miss Transformation
The hit-or-miss transformation is useful for application that wants to identify
specified configurations of pixels, such as isolated foreground pixels, or pixels

that are end points of line segments

The hit-or-miss transformation of A by B is denoted by 4 ® B where B is a
structuring element pair, B = (B}, B, ), rather than a single element,

The hit-or-miss transformation is defined as

A® B = (4OB,) N (4°©B,)
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5.4 Morphology Implement by Matlab
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Logical expressions for binary images

>> A = imread('utk.tif);
>> B = imread('gt.tif'");
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Lo op
o o

FIGURE 9.12

(a) Original image
A.(b) Structuring
clement By,

{¢) Erosion of A
b}’ B:[ .

(d) Complement of
the original image,
A’ (¢) Structuring
clement B,.

(f) Erosion of A°
by B. (g) Output
image.
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>> imshow(A)

>> figure, imshow(B)
>>C=~A;

>> figure, imshow(C)
>>D=AB;

>> figure, imshow(D)
>>E = A&B;

>> figure, imshow(E)
>>F = A&~B;

>> figure, imshow(F)

Dilation

>> A = imread('broken_text.tif");
>> imshow(A)
>>B=[010;111;01 0]

S — O
—

>> A2 = imdilate(A, B);
>> figure, imshow(A2)

Erosion

>> A = imread('wirebond.tif");
>> subplot(2,2,1); imshow(A);
>> se = strel('disk’, 10);

>> A2 = imerode(A, se);

>> subplot(2,2,2); imshow(A2);
>> se = strel('disk’, 5);

>> A3 = imerode(A, se);

>> subplot(2,2,3); imshow(A3);

>> A4 = imerode(A, strel('disk’, 20));
>> subplot(2,2,4); imshow(A4);
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Syntax Forms

Ueseription

se=strel{ diamond’, R)

S0 steel{ disk", B)

se#strall Iine’, LEN, DEG)

$exsteal{ ootagon, R)

Sewstral{ pair, OFFSET)

se=stral{ pardodicling , P, v

se=steel{ ractangle’, W)

se=strel{ square , W)

s¢ = stral{ arbitracy’, NHOOD)
§6 = strel {KE000)

Creates a flag, dismond-shaped
structuring clemsent, where R specilics the
distance from the structuting element
origin 1 the extreme points of the
diamond,

Creates a la, diskoshaped strocturing
clement with radius B { Additional
parameters may be specified for the disk;
see the stred help page for details)
Creates a Mat, lincar structuring <lement,
where LEN specifies the length, and DEG
specifics the angle (in degrees) of the
line, a5 measured in a counterclockwise
direction from the horizontal axis,
Creates a N, octagonal structuring
chement, where R specilics the distance
from the strocturing clement origin to the
sides of the octagon, as measured along
the horizontal and vertical axes & must
be 2 nomnegative multiple of 3,

Creates a flat structuring element
containing twe members, One member i
bocated at the ovigin, The second
member's logation i specified by the
veetor OFFSEY, which must be a two-
clement vector of integers,

Creates a flat structuring clement
containing 2*F + 1 members. Vs a twin
ehement vector contaning integervalued
row and column offsets, One strocturing
clement member is Jocated at the origin,
The ather members are locuted af 12y,
widy, B 2N, L, PVaRd <P
Creates a fla, rectangles higped
strugturing clement, where W specifies
the size N must be a tworelement vegtor
of nonnegative integers, The first clement
of 84 15 the number rows in the
structuring element: the second element
s the number of colemns,

Creates asquare structuring elemen
whose width is W pixels W must be a
nonnegative inleger scalar,

Creates astrocturing clement of
arbiteary shape, NHOOD is a matris of
On annd 1s that specifies the shape. The
sevond, simpler syntax form shown
performs the same operation.
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TABLE 9.2

The various
syntax forms of
function strel,
(The word flar
means that the
structuring
element has zero
height, This is
meaningful only
for gray-scale
dilation and
erosion. See
Section 9.6.1,)
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Dilation and Erosion

>>rice = imread('rice.tif');  %gray scale image
>>r =rice>135; %change to binary image
>> subplot(2,2,1); imshow(rice); xlabel('rice.tif");

>> subplot(2,2,2); imshow(r); xlabel(' r = rice>135");
>> se =ones(3,3);

>> re=imerode(r,se);
>> subplot(2,2,3); imshow(re); xlabel('re=imerode(r,se)");

>>r_int = r&~re;
>> subplot(2,2,4); imshow(r_int); xlabel('rint = r&~re ");

>> rd=imdilate(r,se);
>> figure, subplot(2,2,1); imshow(rd); xlabel('rd=imdilate(r,se)");
>> subplot(2,2,2); imshow(~r); xlabel('~r");

>>r ext=rd&-~r;
>> subplot(2,2,3); imshow(r_ext); xlabel(‘rext=rd&~r");

>>r grad=rd&-~re;
>> subplot(2,2,4); imshow(r_grad); xlabel(‘rgrad=rd&~re");

Opening and Closing
Examplel:

>> f = imread('shapes.tif');

>> se = strel('square’, 20);

>> fo = imopen(f, se);

>> subplot(2,2,1); imshow(f); xlabel(‘original");

>> subplot(2,2,2); imshow(fo); xlabel('opening);

>> fc = imclose(f,se);

>> subplot(2,2,3); imshow(fc); xlabel('closing);

>> foc = imclose(fo, se);

>> subplot(2,2,4); imshow(foc); xlabel('open then close');

A
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Example2:

>> {' = imread('fingerprint.tif");

>> subplot(1,3,1); imshow(f); xlabel('original');

>> se = strel('square’, 3);

>> fo = imopen(f,se);

>> subplot(1,3,2); imshow(fo); xlabel('opening');

>> foc = imclose(fo, se);

>> subplot(1,3,3); imshow(foc); xlabel('open then close');

Hit-or-Miss Transformation
function: bwhitmiss(A, BI, B2)

>> f = imread('squares.tif);

>> subplot(1,2,1); imshow(f);

>>Bl =strel([000,011; 01 0]);
>>B2=strel([111;100;100]);

>> g =bwhitmiss(f, B1, B2);

>> subplot(1,2,2); imshow(g); pixval on;
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o @ =l
WULHNUR hAN 1

1. asesuneluusiasdasialui
(a). Digital Image Processing Aa
(b). AmQUszasAUANT veenTlszinanan nRAneafaasls
(c). Image A
(d). Quantization A®

(e). Sampling An

2. aamaunaesng (file size) luusiazdasielilil (31934 data class 184 Matlab) aanu1
Humiages bytes lagilfauadlu M x N 107 IneAundeulsresgde
(a). gﬂ‘ﬂ’mﬁ’] (black-white image) class wuu logical
(b). gUszaumn (gray-scale image) class WUl uint8
(c). gsEsumn (gray-scale image) class WUl uint16
(d). gﬂﬁLL‘uu true color (RGB image) class W1l uint8
(e). gﬂ%LL'LI‘.LI true color (RGB image) class WU uint16
(f). gUAwuL true color (RGB image) class WUy double
(9). 3w indexed color (indexed image) class 184 index 15114 uint8 uae table 1§
double
(h). 3UAuLL indexed color (indexed image) class 484 index 1y uint16 uay table 1

double

v
3. aawmA11ed Z luudazdasalili

(a).

>> X = uint8([ 255 0 75; 44 225 100]);
>>Y =uint8([ 50 50 50; 50 50 50 );
>> 7 = imadd(X,Y)

(b).

>> X =uint16([ 255 0 75; 44 225 100]);
>>Y =uint16([ 50 50 50; 50 50 50 ));
>> 7 =1madd(X,Y)

(c).

>> X =uint8([ 255 10 75; 44 225 100));
>>Y = uint8([ 50 50 50; 50 50 50 ]);

7
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>> 7 = imsubtract(X,Y)
(d).

>> X =uintl16([ 255 10 75; 44 225 100]);
>>Y = uintl16([ 50 50 50; 50 50 50 ]);
>> 7 = imsubtract(X,Y)

(e).

>> X = uint8([ 255 10 75; 44 225 100]):
>>Y = uint8([ 50 50 50; 50 50 50 ]);
>> 7 = imabsdiff(X,Y)

(f).

>> X = uint16([ 50 10 75; 44 425 100]);
>>Y =uintl16([ 355 50 50; 50 50 50 );
>> 7 = imabsdiff(X,Y)

(9).

>> X =uintl6([ 255 10 75; 44 225 100]);
>> Z = imcomplement(X)

1 v
4. §16eaN1sL@ININ gray scale 2 MAKALANAUAIEAAY imadd Taeviedaen N class
@
\hy uint8 uaziilun L bright image &N 14 2 nw

(a). MARNIAN 2 NINNILANAULAINRANT T oAzt uatnels

i
=

(b). dremansuilanaaninlsainda (a) WedeanisldifiusuasiBanitmnausaanin

1$19z6iReiNTg AAnisednals a9 un (a1aenfaete code 4 Matlab Aaaflg)

5. Midterm Take Home (sHludafisdeduiuarlutaaay midterm)

v e Y

1 v
0168INTTBININ gray scale 2 NINHIRLNBAILANEY imsubtract IALVNADININE class
h uint8 waziflunamuuL dark image 217 1ia 2 N

(a). MARINLBT 2 AMHIAUNBUEINAGHEN ezt uacinels

1
N =l

(b). dsimenisuilanaawshifannda (a) asasnnsliifusaasdeafidanauaaanin

\1azFiaingg Aanisednals aseBine (@raunfaating code T Matlab Faefld)

6. aseiuneluusiazdanelyil
(a). Contrast Ag
(b). Histogram fa
(c). Histogram Equalization A
(d). Histogram Matching e

(e). Histogram Equalization {1a\@eati1gls
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(f). Histogram Equalization 519370 Histogram Matching aeinals

7. anasdayasuansluuiazda a9 plot histogram 28197 AF17 WazaIM Histogram
" a 13 ot J dll 9 s e d‘ =l o %
Equalization A1N18ayAAINAT0 HETBHAUTINALUAB gray-level G9H 0-15 fAL UTTNA

ANABAUI pixel 109 UUWARLITALL99 gray-level

@ Jof1]2]|3|4]5]|6]7][8]oJwo[1t[12]13]14]15
20140160 )75[80|75|65|55|50|45[40(35]|30]25([20]30

(). |0(1[2]3 |4 6 |7 10 (111121314 | 15
Ojof40|80f45|110|(70(0|of{olo[o0]Jofofo15

(1]
(0]
=

o 4, : o g val alad [y
8. lun1sfuen intensity lunmuuy gray scale ialiiianuninaaan nfinau tneld
MANNIPYR4 intensity transformation Gadenldfaidunsulasuuuentings (Power-law)
ananmazaean wluisssdada il Aunuun (1) Aeesdenldlutaidunuuentigs
[ ] al g (=1 ] a
FINA19 AT AN WeNe1e IWs1zas e aees Uy
(a). N low contrast WU dark image

(b). AW low contrast WU bright image

9. nnAlRLT WumsuansnnuFRUETERI input intensity AU output intensity
239 FuluNIs Transformation wuyene g asldnsmilunmsaaudionuds 6.1-6.3

(luusazdaaranavlsninnga 1 wuw)

Negative
nth root

3L/4 - i

Log

ath power

1.2 - =

Output gray level.s

L4 -

Identity Inverse log

0 | |
0 L4 L2 LA L=

Input gray level, r
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9.1 Werddulun1s Transformation uvularhs fiswrsntelwnwiiduuuy bright

. & Aa X 9
image nanstdunwiatule

9.2 measm il pixel Nfiszduanuimdnluandendedaclusn luvmed pixel

{ 1 o v ] J’ a .
neiagnisieunauluanmadenldWadisuluns Transformation uwuule

alal - o o v o 0 v a Aaa A &
9.3 ﬂ'l‘wmm\'iﬂﬂ?zﬂﬂuﬂmmmumﬂ ﬂ'—]ﬂ@‘ﬂﬂ']ﬁ'ﬂ’]'lﬂUEL'JmﬂNﬁmT]“TaLﬂrluuwu

- | 1 s al o:’f ] 2
MNWFEFINAN LauTaNINEIuATaan1dnsnla

9.4 ddsyamwidnfiawzidnudu sansaldWeddulunis Transformation uuy

Talunsiasuanninduiduasddndugen

9.5 Ete;.

o rd' 9 o T 3 = : ] & ni £
10. AMIHARNEN LHA1NA1TR mask processing AYEINALLUL linear filter ’ﬂ']ﬂ‘u‘m,luﬂmwﬂﬂ
N1 NuuAaE mask Tuda (a)-(h) Taenqsviawuy correlaton (‘corr’) uagldudnnag zeros

padding AaLFx 0 78U AW (A1aaBaRTagauAInauiaani1sldA1derae Matlab)
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1. AMINGENSTLHA1NN19%11 mask processing faedle uuy linear filter aMndayaninuas

mask A1%un TaenasvinuuL correlaton (‘corr’) uazldudnnng zeros padding AaLAu 0

90U NN
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1 1 5 5
10 10 1 5
5 20 10 5
5 0 20 5
Image
-1 0 -1
0 4 0
-1 0 -1
Mask

o g o [ % ° , ¥ \ ;
12. mnmfmﬂﬂmwlﬂmlu%nﬂwm A9IN1 mask processing AIEUBLLLUL nonlinear filter
pagl filter LWL mean filter WAL max filter aRaNsa4 neighborhood 1flu 3x3 Taeld

o . =4 =
WanNI7 zeros padding ABLAN 0 $8U°] NN

13. A48T High pass filter WA Low pass filter muANdlaraaindnm (luAiadune

k2 1 [ % o L7 43 = o ¥
sasliifaadasiunisin o wiuserwise andnausiae)

83



DIP Using MATLAB, CPE, SUT

o2 @ al
WULENUR gaN 2

1, [ubnAnauluLsazdesalilil

(@).lun13M1 4N B (18107 A N1 intersect AUNTN B) 9890 %1941 @1unsald
Matlab Expression BB o)

(b).T4n19%7 AU B (1@707% A 47 union AUNTM B) 289400919601 81311900 Matlab
Expression A e,

(c). lun1ann A° (Complement of A ) 1830 W219AN @1:190 M Matlab Expression An

(d).1un"s%in 4— B (The difference of A and B) 1940 M91941 @1:17014 Matlab

Expression C i ——— |

v
(e). Wnamqm vivandunse lunmiudnagnannisaes Image Segmentation Usziam

(h). MTULNKENLAZATIINANTILFIIN (Region Splitting and Merging) WuAneg)
NANNNTUDY Image Segmentation Uszinm

(i). Model @nldriuas computer WUy CRT An Model Ay

.........................

). Model @n1dRuauANA (printing) A8 Model Auuy
g

2. asmeumanluLAazdasalilil

(a).ﬁ’lﬂﬂ’mﬂ’]mﬁuéumiaﬂdﬂﬂ’iﬂLé’uﬁiN"l Aty §18een151duU19ae B
anansoldmannislaluies image morphology 11198161

(b). NPT s ENIARRNNEENNT B F N image dilation fAAULAIAINALE image
erosion Tnein191d structure element 1A Bad1ilun1svia operation laluias image

morphology
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(c). T s NI ARANNELENNT BN TN image erosion AAULAIAINAYE image
dilation Taeinsd structure element A fadiflunisin operation 1aluEas image
morphology

(d). 2913811 Matlab code 11571 image opening Aunm A &atl structure elements
B1 Taalaild function imopen 1neinss uAdg ursai@enld functions u?@ﬁwz&%iujﬁl
Fendasl&lisnin

(e). a4Te1 Matlab code unn94in image closing LA A a8l structure elements B1
Tnerladld function imclose Taamsa usigrunsaldan’d functions u‘"@ﬂﬁﬁq"é}w] i
Aendedldlaidnsa

(f). a9ide Matlab code un19%n hit-or-miss transformation AUAIN A A28 structure
elements B1 uar B2 Imaldld function bwhitmiss lazmTe uigusaanld

e b SR
functions yiFaAdsawT| Mifeadaclalidndn

smevAn N luLsazdesalld

(a). frdimanmsuidunsafiogluuue 45 aarn lunmaosld mask 1a 3X3 fiflguluuy
ntials

(b). 5fuﬁ’mmﬁmLﬁumeﬁ@gﬂmmoé’q lunanassld mask 2unm 3x3 ﬁﬁgﬂunuamﬂs

(c). Wwnsmaaunwsaanisidinsfeuilanlammnes (gradient operator) £hildnns
fansandnlngesseiumLmneesnmiantsfiadudn pixel loazituavaainin

(). Wnsmreunmseanisldalandaulewlesismes (aplacian operator) g
FasaurnlatesssAuAIINmNIBINMIRENIF AR LI pixel laazifluravaasnin

(e). 38n1amAuL (Threshold) uunlafifiudnnisaesarantinasdhudnundendas

(f). ﬂnﬁqaamﬁqﬁuﬁﬁﬂuﬂquﬂlﬂﬂunfla‘ﬂ?:mmﬁﬂﬁ*ﬁumqwmLnﬂuﬂfa’mﬂwuﬂulu
N19%1 Optimal Threshold N1 2 Warfdu

(@).P(R) Fatmundnthunsieaniamssns (Logical Predicate) Al¥lutiaq Region-
based segmentation 13’145@@:‘1?

(h). N3 Region Growing uag Region Splitting and Merging Tuusias Application 1%‘14

ar ar

= ¥ All [ rd‘ 2 al A |d§ 1 et [~3 ciln
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4. ATeutuneuds (algorithm) Tun1svin Global Thresholding AaeRan1sAumAANT
1 @ ¥
WNzaN (Heuristic Approach) Tduneulifenattetadauasunaludn sudunaumg

ANMinla vse @aulnald pseudo code vt Taudas Matlab code Slg

& 1 v
5. Audeuduneuas (algorithm) 11391 Local Thresholding aadumedaganaisanatiey
v
asuneiludaduiunauninamdnla vie @eulneld pseudo code 1ive Waudas
Matlab code fil4
6. asl§35n19989 Hough Transform Tunns detect tdunsel dominate fign (wiwilgm) 2 1
usnaandayanmiliiunduang Insuaasanziledyuiy -45 a9, 0 8, 45 8467

wax 90 aern (WikandsinlneasiBaauuuiaeinluduGeamw)

X

0 1 2 3 4 5 6

0 0 0 1 0 0 1 0

1 0 1 0 0 1 0 0

2 0 0 1 0 1 0 0

¥ 3 0 0 0 0 0 0 1
4 0 1 0 1 1 0 0

5 1 0 0 0 0 1 0

6 0 0 0 1 0 0 1

7. aald35ns89 Hough Transform l1n17 detect Wumseil dontinate fign (wufiem) 2
usnaandayanmiliindoudn Tasuaasawizdioaniily -30 a9, 0 asen, 60 aarn,

] v
waz 90 aern (Wuanddninlaaaziduauusiineinluduen)
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X

0 1 2 3 4 5 6

0 0 0 1 1 0 0 0

1 0 1 1 1 0 0 0

2 0 1 1 0 0 0 0

¥ 3 0 1 0 0 0 1 0
4 0 1 0 1 0 0 0

B 1 1 0 0 1 0 0

6 1 0 0 0 0 0 0

¥
8. asmaumNlunsazdesallil
(a). AMANWLLLAN (Additive primary colors) wazdnanuuuauldudnnislunisuanad
uansnaiuesnels uazluuAazuuunaadastu model Ruuula
(b). infaeeine model ANFAN1N 2 models WiaNDRLNEAMANHLTIBILAAE model ati1a
A3
(c). Pseudo color image processing Anazls wazarunroen U1 luudnezatingls
L
1114
(d). anFaaEN991UNHN1IUNANN92849 Pseudo color Tl ldunandany
(e). 14n"991 full-color image processing MuN W@ lALNIIRANTUILFRS component
299 model @ HANIMAAUITALANAINAINNTLUIZHIREANWILL gray scale
atinals aeasune
(). fsaanisdanan@nienigatluy model Auuu RGB lUvia histogram equalization
8/ = o ]
azdiaatinngdnnnsetnals
9. amnamAliundIuane drseenimiueanuidffenlidavanuanidiu SnAneaiunso

o a o LY | V i ] i'z
wnansnisvseanannislalumanuiizes digital image processing N1l luwsiazduney
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10. AMnamiliinnsuae frfesnsuniumisaeajunaeanunia 12 u dnAnmiaiutse
o aa = o yaj H x 2 ] 2’,
eEnsvranannislnluaauiises digital image processing 104 luusazdunas
rasnalszinanatiaieaandvinaglifnumissetiufinann asndunanfeunandas
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