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ABSTRACT

This thesis presents the method of extracting textures by using the multi-channel Gabor
filtering approach. The method creates a bank of Gabor filters by using radial frequencies and
orientation angles for defining features of the Gabor filter. This method is composed of
convolution texture images with a bank of Gabor filters along with finding a set of texture
features to provide a description of local image content by using nonlinearity and local energy
computations. It has been compared to gray-level co-occurrence matrix method using the
quantitative method, and is also based on the Fisher criterion which indicates the separability
capabilities of individual features. Texture segmentation have been carried out using k-means
clustering. Many Brodatz texture images and satellite images are tested with both methods. It was
found that texture features derived from Gabor filters provide better results than those.derived

from gray-level co-occurrence matrices for all tested images.
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1. WAYU (Energy)
N,—IN,~

ENE = Z Z(P(z )2 (2.18)

i=0  j=0
2. ABUNIIA (Contrast)
-1 Ny=IN, -1
CON = Z n {Z > PG, )) (2.19)

=0 i=0 j=0
i=il=n

3. ADssIATY (Correlation)

COR:{"’Z" Swr)-

i=0 j=0

(2.20)
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4, (AU (Variance)
Nyl N -1

VAR = ZZ(z m)

i=0 j=0

= a g o L4 .
5. punesaaiedud lumud (Inverse Different Moment)

—lN -1
IDM = ZZ P(i, J)

i=0  j=0 1+(l
6. HasINEUINSY (Sum Entropy)
N, -2
SENT =~ ¥ P,,,(i)logP,, (i)
« i=0
7. U Insi (Entropy)
N1 N1
ENT ="Z z P(l,j)lOgP(l,]) = ny
=0 j=0
8. war19euInsl (Difference Entropy)
N, -1

DENT =- Z P, ()logP,_, (i)

9. Na%1ﬂﬂ1ﬁm’fagauuuwﬁuq (Information Measure I)
1

mr=— Sty

max{H,,H,}

10. waﬂ1ﬂﬂ1ﬁm’fauummuﬁam {Information Measure II)

IMIT = \/l—exp(-2(ny —ny))

P, <f>=f§'P(m

Ny-l
= 2 P(i.j)
i=0
P"iv(k =Z Z |lijlkP 1

ZZP< iog(P. () yu))

=-3 372, ()P, (1)log (P, ()P, (1))

Jj=0 i=0
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o = —1— (3.50)
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‘Wﬂﬂ‘]f‘L!ﬂﬂ‘WQﬂ‘lm'ﬂuQ 1‘lfltﬁﬂ<lﬂﬂﬂﬂl°’1lf)\u’lﬂm® '11 ﬂaﬂamﬁummﬂmuuu

HarFuiidmuadiu
. Pr{x <x, <x+Ax,..,%, <X, <X, +Ax,}
p(X)= lim
Axl_:-)0 Axl---Ax"
Ax, >0

=8"P(X)/ox,..0x, 4.3)
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o P oA 1 o = o o ]
Tuseadigiuy  namesqunnnamauanaieiy seliflaiduanunuiumy
td
o ] = =] 1 o o v .
Lﬂu‘uamutm “Warf%ummnmuuuuuuuimwﬂ’n RINFUANUAUNUUVDIAAT

fmuauilu
p(Xlw) w5e p(X) (i=12,..L) (4.4)

& 2 .
dlo o, vuede aae i
14
L v $iousaananue
*
t g o o o s
uinaweigu X aunsoudasldlugdvesilendumsnsznouaslanduna
] tey oo 1 qy 1 ° Y o o’;‘ P = 91 -y 4
wuwidy  uadadsumat annsedan dae  aaiulalinisleamisilmesvens
, v
pszwRTINIofIUIN IANoRl
I'd o o o [ o d 1
1. naweiamands (Expected vector) namesmaniuiludunivvesnanesqy

v

X flowldaail

M= E{X} = [Xp(X)dX “.5)

] = g 3 - a '3 [
HASAURNAYUDINIANDITN X niluamndnssnaid ; Mnuaiiy
M, = E{X|w}= [Xp,(X)dX “.6)

. . ! y o 1 ° [~
2. Covariance matrix 1911Fm3snszawdeyaveannmeiqy X finuady

= E{(X-M)(X-M)'}=E G [, —m,...x, —m,]
(x, —m ) (x, = m ). (X, =11, ) (X, = 1m,) |
-E : ;

= 4.7)
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ANFNTOUUUMINUBINIVDA covariance matrix (U variance YOIFUM/IGUUARE
# uazendni i 1deg luuumussyueziiu covariance vosdulsgu x, uaz x, 1w
undyo £ . . Y d a et 'S °
auiAniin 1% covariance matrix aumAsAMIUINUBIYY FomvesiiTilse Teatdunlumaih
T ldudely
. . [ 1 Yo W o 1 :
variance 1ag covariance vosdunlsguiddydnuaidelyil
2
¢c; =0} =Var{x,} (4.8)
= P;0:0; 4.9)

A 2 .
e O; {lu variance 04 X;
- o, Wudrmfioaunanasgiu (standard deviation) ¥4 X,

Py i1l correlation coefficient $EMI19 X; Uaz x;

) o o o v a
dmiuil e duaammuuniy p(X) laq nisnssnisuuudnd (Normal

. . . o [
Distribution) fnua lailu

R G {-laﬂ (X)} @.10)
(ryrlz  * 2

4 - (<] v =Y { Y
o N, (M%) ifludinisnszeisuuudnd fldamesmands (M) uaz covariance

matrix (Z) Tumsfiuin uas

d* (X)=(X -M) L7 (X -M) = {E" (X -M) (X -M)’|

—iz hy (x; —m (x —mj) (4.11)

i=l j=l1

dio hy Suandnd i, ves T
tr{A} Wy trace vouumind A
MNaUMS (4.10) vzwnldhmsnssnonuuded WuilandudnTdudoa ves
Harduszozmalu @.11) mdudsedns (27:)_% |E['% 19iiie 1t aeandpafuidon luarui
aidy
[p(x)dx =1 4.12)
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o

nsnsznouuutndidldiuedisniene maeligueniad "nujﬁ'ada"lﬂﬁy

1. winfimedfszylunsnszae namesmanis M uaz covariance matrix TNy
nugemsuanseaniuunisnssnonuulnd ez TunudnnduAuveIN1INTEBLLY
Indeunsoswnalnoldmsiinesmari

2. Uncorrelated-independent qmﬁuﬁﬁfndnh Hn x, Dy mutually uncorrelate
ud x, sudiudase

3. Marginal densities 110 coriditional densities ¥93n13AszBULUNAG MIVdoYA
laq ﬂxlﬂumsmmwumgﬂﬂﬁ

4. characteristic function veamsnszneuuUlnAdmiudeyalaq Wumsnszey

wwudnadnaslipluuunisnssnonumlnddiu
p(Q)= E{exp[jQTX]} = exp {—%QTEQ +jQTM} (4.13)

4 T
o Q=[w..w,
=1 o ad
o, Wiesilsznouniennudn i
5. psudasuuuFudy (Linear tranformations) tHB11A13ATLWMUUYNG WKW
a 9 - 4 ¥ ad o Y a P
mmﬂmuummmuuaumqms%z"lﬂmsﬂsxmmmuﬁnmanaunmﬂwmsmmasmmﬂ

AN

4.2 msudaquuu@ady [10]

msuasvudadudunsudainmaesdy X vina » a3 liu naeesdy

Y w3 lasaunsmsudasdmuaiiiu

Y=A"X (4.14)

4 I~ a
dio A WhumeSnduuia nxn

as

AADIAIANIL LAY covariance matrix ¥89 Y szifludsfl
My =E{Y}=ATE{X} =AMy (4.15)
£y = E{(Y-My)(Y-My)}
- A"‘E.{(x-Mx)(x-Mx)"}A

=ATE4A , (4.16)
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1 4 4

o = o o ° [ a d
wanmsulawuuiiduiuguddglumnihldidsunmsuleasudunyuinyes

‘é T 1 T
Favz lananludiuae

o Y é
4.3 msuﬂmmazz’fu;muwmmm

¥
wasanmsuyasuuuFudy delUd

h(X) =V X+, (4.17)
*
dio A(X) Whuiladdudaduves X
= [ 4 aa d 4 o
aums @.17) annwldn names X lu » Id gninswaduunames V uasdd
o [~ 1 oa aan J
wls y=V'X Wuandns Tnseaduds Juuia 1 98 1u h-space i1 y szgnuonasly
) A ' o A 2 to 1 A
amalanmaniia ludesnmade il Ao o, waz o, YuegiuN y<-v, Hio y>-y,
~ = o o = - A ' o
510 4.1 uamsnisnszeroignInseadasuunames V uag V' uazimsdonsuss lyaa
q 1 Y o Py =1 J (=Y
v, WBLLNLENALULAY @, uaz @, 8NN 910317 4.1 madneiloszudi Aranaialy
ms Insiendud V deondn V' 1
o q’/‘ o I'd P v o ° 9 o PRy
falumfiumnawes Vo Ainwalufismaninzay seildnames X 7
[ a aa o [ 4 4
dumnfnvesnane o, uaz o, W 1 Tamums Inseadasuunames vV udqiddeyad
1 o s 1 o a ¥ LY =
iums Inseadusnesnninduiluaesnaaediadanuy  iliduilvvesmsudaadaudu
o
ISR, GG Tob

4 o a o a ot ow 1 14
e X dumsnseaouuuilnd A(X) szitfumsasznisuuuln@runy mnnnes

manTwes X uaz A(X) fnaa o, Wudede il
M, = E{X|w;} (4.18)

m=E{n(X)|o,}=V'E{X|0}+v,
=V'M, +v, (4.19)

a,g e (4 o A o
within-class scatter ¥9313A1A07 X lﬂu”ai’)uﬂ‘liﬂizinUﬂENL')ﬂW]ﬂi X wea

=t o .4 o 3 o 3 dy
MYUN VIR TAIAN VDU ATAAT Llﬁﬂﬂ‘ﬁ'ﬂﬂﬁﬂﬂ'ﬁﬂﬂ"lﬂu
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1 o [} o o
317 4.1 dedaveans Tuswaadeyaasunnames V uay V'

S, =S, +8, (4.20)
s, = E{(x-M,)(X-M) | o] 421)

. . T
dio S,, 1 within-class scatter ¥913RAD3 X
[ 3 4 t
S, 11U scatter matrix vouanunes X luuanzaaia o,
o o o . At S Y e
Tusthoufuau within-class scatter Yoadayafiruns Insiaauds fuamlalae

9y
& T o Qs 1 =
1718 within-class scatter YD913I0105 X mﬂumma"lﬂu

5 =E{(y-n)'lo)
- E{(V"X—V”‘M,.)2 |a),.}
= E{v"(X-M,)(X-M,)' V|o,}
=V E{(X-M,)(X-M,) |0}V =V'SV (22
52+52=V'SV (4.23)

A ~? ~2 ﬂ g . 9 o ot ¢ 9
W s +5, (UU within-class scatter ‘uawﬂgamnuﬂ'ﬂmumﬂwmﬂmum

~2 ﬂ ¥ ' “ T o ﬁl
st H scatter Uﬂ@ﬂlﬂgﬂuﬂazﬂa’lﬁ ; NHIUNMT INTIVAALIRD
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° P Y 4 a ' 4 [ { o
NIUBUAYINU LﬁﬂWi]']im'\Naﬁ'N‘Uﬂqnﬂmﬂiﬂ']ﬂﬂ'N‘UfN X ‘ﬁmumﬂwn%ﬂmtfﬁ'd

vy
v ldaunmsas 1l

(m-m) =(V'M,-V'M, )’
=V (M, -M,)(M,-M,)" V
=V’S,V (4.24)
S, =(M,-M,)(M,-M,)’" (4.25)

A

& , 2 s » .
S, 111 between-class scatter matrix 19119¥MsnszrvvBIIAMEITAIANIY M, 1D

@ A [y 4 o o U [ ¢ o
Jafisuiunamesaianis M, sindumsdedussmiun g, wag 57 Wuilinduves vV
3/ A oy degy ' o ' e P Yy w o
waz v, nndoyaedduiliilimannees V uazausslyaa v, Naeanaeifundannis
s 4 9 v 1 Py o a
wlaaFudunuuisres lasmseenuvuldnadvsisundsveammes X AiKums
@ a0y 1 {
Twsiaduda fAgeuInuazaas e withinclass scatter ¥0IAARS X AHIMMS
% . 4 ) s v o
Twsiadudrlunng amafianfesmn e lddeyafirunis Twsiwaauneenviniutiuass
' - . o 1 a d o ~2 o~
ameresnFanivdinnimmsulasfudununiivses dwmuald  f(g,7,,52,5) du

. 4 7 o a ¢ o 1 dy
criterion function ¥RINANFUITUFULVUR BT Aaee 1l

2
=2 =2 (771 _772)
2 b > =~ 4.26
S (M1, 87 ,85) §]2+§22 (4.26)
- V'S,V
130 V)=—=~1— 4.27
f( ) VTSWV (4.27)

A vy e o @ 1 @ s q’: £ o
lWE)TH‘Ui’)i‘l,aﬂw'luﬂ’liTWiL%ﬂﬁLLUﬂﬂﬂﬂﬂulﬂuﬁﬂﬂﬂﬁ'lﬁﬂU'N‘lfﬂlim AUUWIUITUNT (4.27)

ndnsedlundamans adfe £(V) wdedidgagaliaeandesiudedmuall
hedrSedesdinnumanne v i (V) fifgega named v dnoaldTaold
W&nMS Rayleigh quotient nénmsfinarimindeamsl 4.27) fisrgegaezdeafiuluam
deovlsieluif

S,V=1S V (4.28),

q . o '
(16 A 1Tlusi eigen values

) [~ o 4
srensoudianiauns (4.28) 181au1933 eigen value i S, iTuuauGInas

(4 °

wnsna sz ldaums (4.28) nanuislu
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S!S, V=4V (4.29)

¥
[ o ° o ~
fanwes V awnsasmiuineenut ldseds Ui

=S; (M, -M,) (4.30)
M f(.7,,52,57) (A Fisher criterion L'flué”m1'chuNaehwmfhm?iumm%naﬁmu
ms TnsinadudaderasmYesr within-class scatter *um~uEmawmumﬂwsmmé’mmqq
w0 Afsndusassiu v, msrzdieay 7, sonun 7, A1 v, windramualyl & dufus v,
Nifinnusuiudlold Fisher criterion {uiniosianiuumndvesuinmzifiniveiae
Fiaweslan waind vV szgmi lulFlumsulasnamed X Tudial eglugives y 4

] } 4
aumsh 4.17) vazi Wifosanm v, ildaumsaaglnmeily
A(X)=V'X 431)

& © o A n Y Y o t
Wesruravaames X firunis Iwsiend lduda szennnsofiulaminn

~d ~2 llﬂ’ A o lll ° ' . 2] A 2 a a @ c:’
M>ThsS; 8,  LALNOUN 1R 1289 Fisher criterion 1HEUNIT (4.26) FIIMETHUTRUVY
o ' . . . 9/ s o o oy ¥ acd @ Ao 4
181101911 Fisher criterion |1¥iagadnuuzveunniweinldninitiadduunanives

ga 4 & a o P ° '
Hanosse uaz lnoonnotudinsng a1 Fisher criterion N30 Idvinerusluunds lu
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511 5.6 nmn

Aﬁ' = 3 ' Lvd

5.1 MINAADAUNBANHINAVDIVTHIUYDIT YU

[ % .:y y 1 o [ o o o

Tagilszasnvesnsnansgatiiofnen i SuvesdyavoInUesHaNesll
a a ' ° 1 i ° 1 4
gntnanenisswunmwiinesaieredials Tasiinisnanesadanguuesniues

oo 1 o =y a dao 1 dy

Nawmes$1uau 16 Feadganafinniinoiawio il

1. ANUDITIYN 17D 0.05, 0.1, 0.2 11ag 0.4 cycles/pixel

2. TolSounadu iy 0, 45°, 90° Haz 135°

9 1 o o't o 1 o a a a1 dy

wazadunquussnues Maweson 1 yadiwan 24 Tesdyanuinsiiineiao lui
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ABSTRACT

Texture feature extraction and
segmentation can be considered in many
methods. This work presents the
methods of extracting texture features
from Gabor filter and gray-level
co-occurrence matrix. The both methods
are compared by considering with many
texture .images. From this experiment,
we can show that texture segmentation
derived from Gabor filter give the better
results than gray-level co-occurrence
matrix for all tested images.

INTRODUCTION

Texture is one of the most basic
characteristics of a visible surface. It is
an important part of the visual world of
animals and humans and their visual
systems successfully detect,
discriminate, and segment texture.
Texture segmentation has been
a challenging problem in computer
vision, and is the problem of subdividing
an image into differently textured
regions. There are many methods for
considering texture features. In this

research, we use Gabor filter and
gray-level co-occurrence matrix to find
texture feature and compare the results
between these methods.

Gabor feature vectors can be used
directly as input to a classification or
segmentation operator or they can first.
be transformed into new feature vectors
which are then used as such an input.

Gray-level co-occurrence matrix is
famous and useful in texture analysis.
So, we can find texture features from
this method and then use these features
to be input data for segmentation of
images.

In this experiment, K-means clustering
is used to segment images from texture
features derived from Gabor filter and
gray-level co-occurrence matrix. The
feature segmentation results are
compared between texture features using
Gabor filter and gray-level
co-occurrence matrix.



TEXTURE ANALYSIS
USING GABOR FILTER

Gabor Elementary Function (GEF) is
used in a filter. GEF is a Gaussian
modulated by a complex sinusoid. Gabor
filter is a Multi-Channel Filtering (MCF)
approach, which can be use for texture
segmentation. That is raw image are
processed to extract their constituent
spatial frequencies at a variety of
orientations. A cosine modulated Gabor
filter in the spatial domain is given by

h(x, }’) = QX[{“ llix'z +zy,2 in COS(Zﬂuox,) (1)
ag

2

where u, is the frequency of the
sinusoidal plane wave along the x
direction (0° orientation), and o is the
standard deviation of the Gaussian
envelope along x direction .

x'=xcos@ + ysiné )
y'=—xsiné@ + ycos@ 3)

represent rotated spatial-domain

o \ 7
rectilinear coordinates, where 8, = S

k being the number of orientations [1].

Gabor filters are bandpass filters. Thus,
Gabor filters can be configured to
extract a specific band of frequency
components from an image. The
frequency and orientation selective
properties of a Gabor filter are more
explicit in its frequency domain
representation. The Fourier transform of
the Gabor function in equation (1) is real
valued and given by

2
H(u,v) = A4 ex{—l[(”_“_fﬁ)_ﬁgﬂ +
2| o o,
felalesta]) o
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where 4=2roc.0,,

1
o, =—
© 270,

1
o, =——
T 2rmo,

and u, is the radial frequency.

The Fourier domain representation in (4)
specifies the amount by which the filter
modifies or modulatés each frequency
component of the input image. Such
representation are, therefore, refered to
as modulation transfer functions (MTF).

Four values of orientation 6, are used:
0°, 45°, 90° and 135°. Finer quantization
of orientation may be needed in general.
The restriction to four orientations is
made for computational efficiency of the
current implementation, and is sufficient
for discriminating many textures. For
an image array with a width of N pixels,
where N, is a power of 2, the following
values of radial frequency uo are used

(2]:

1;/5 p B, ,(%}/5 cycles ima_ge-width'l

For an image with 256 columns, for
example, a total of 28 filters can be used
- 4 orientations and 7 radial frequencies.
For some textures, however, filters with

low radial frequencies (e.g. W2 and 22
cycle image-width”) are not very useful,
because these filter capture spatial
variations that are too large to explain
textural variations in an image. Then this
work used be 4 maximum radial
frequencies and 4 orientations, a total
Gabor filter is 16 filters.

Texture features provide a high-order
description of the local image content.
To design an effective algorithm for
texture segmentation, it is essential to



find a set of texture features with good
discriminating power. Features are
extracted from the filtered images that is
given by [3]

E(%,) =% S\h@b)] )

(ab)eW,,

where E(x,y) is the feature image

corresponding to the filtered images
fi(x,y), and W is an NxN window

centered at pixel with coordinates (x, y).

The size N of the averaging window is
an important parameter. In this texture
segmentation problem want accurate
determination on boundary between any
textures, then small window size are
needed for discrimination power. The
window size, N, is the smallest odd
integer larger than orequal to 5o, where
_ 0.25N [4].

Uy

TEXTURE ANALYSIS
USING CO-OCCURRENCE MATRIX

The gray-level co-occurrence matrix
(GLCM) [5] is extensively used in
texture analysis. Since texture is a spatial
property, so in order to capture the
spatial dependence of gray-level values,
which contribute to the perception of
texture, we must use a two-dimensional
dependence matrix for this
consideration. The gray-level
co-occurrence matrix is
a two-dimensional matrix, which is
based on the repeated occurrence of
some gray level configuration in the
texture - this configuration varies rapidly
with distance in fine textures, and slowly
in coarse textures [6]. For analyzing the
part of a texture image, we use the
square matrix of window size MxM
(M is the number of image gray levels)
to calculate the textures. An occurrence
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of some gray level configuration may be
described by a matrix of relative
frequencies Pq.(i,j), describing how
frequently two pixels with the gray level
i, j appear in the window separated by
a distance d in direction r

Texture classification can be based on

criteria, some of the spatial texture

features, derived from these

co-occurrence matrices:

Energy:  ». > P, J) (6)
i

Entropy:  >.> Py, (i /)logF,, G.J) (7)
i

Contrast:

Y Sli-iBLGH  ®
i j .

Pdr(l .])

9
=y )

Homogeneity: Z Z

K-MEANS CLUSTERING

Features obtained through filtering
approach  transforms the texture
segmentation problem into a decision
problem in feature space. The values in
the n feature images corresponding to

a given pixel form a 7 -dimensional

feature vector representing the pixel. In
the present work, K-means clustering
algorithm [7] is used to recover such
clusters in the feature space. Euclidean
distance is used for determination of any
clusters in the algorithm. Patterns
belonging to the same cluster will be
grouped together in the feature space.

EXPERIMENTAL RESULTS

To compare Gabor filter with Gray-level
co-occurrence matrix, three texture
images shown in Fig. 1(a), 2(a), and 3(a)
were tested. For this experiment, we
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Fig.1 Two textures tested for comparing texture segmentation between Gabor filter
and GLCM :

-
e

©)
Fig.2 Two textures tested for comparing texture segmentation between Gabor filter
and GLCM

Fig.3 Three textures tested for comparing texture segmentation between Gabor filter
and GLCM



applied the Gabor filter with the
window size 32*32 by sliding to the
neighbourhood pixel of images. The

value of radial frequency u, are 82,

16\/5, 32/5, 64/2 cycle/image-width,
and four values of orientation that are
0°, 45°, 90°, and 135° are used.
neighbourhood pixel of images. The
segmentation results of 3 input images
from Gabor filter are shown in Fig.

1(b), 2(b), and 3(b), respectively.

Gray-level co-occurrence matrix used
in this experiment is considered with
four orientation that are 0°, 45°, 90°,
and 135° and distance is 1. We
considered four texture features,
energy, entropy, contrast,
homogeneity, for this method. The
segmentation results of 3 input images
from GLCM are shown in
Fig. 1(c), 2(c), and 3(c), respectively.

By comparing segmentation result of
three texture images between Fig. 1(b)
and Fig. 1(c), Fig 2(b) and Fig 2(c),
and Fig. 3(b) and Fig. 3(c), the Gabor
filter give the better of textural
segmentation result than GLCM,
noticeably. The segmentation results
using Gabor filter method still occur
some error in the textural boundary
regions, but still less error than GLCM.

CONCLUSION

The texture features extracted by
Gabor filter show more powerful in
discriminating a variety of textures
than the gray-level co-occurrence
matrix method. The comparison can
demonstrate that such a multichannel
spatial filtering paradigm is an
effective and powerful method for
general texture analysis.
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