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ABSTRACT In this paper, a fast and adaptive feature extraction algorithm for textured image segmentation is
proposed. First, a conventional algorithm to extract the statistical texture features are described and we obtain the
recursive equations from that conventional method and it is used for extraction of sevaral texture features. And also
we propose the adaptive algorithm which extract the texture features. To evaluate the performance of proposed al
gorithm, we apply the proposed method to artificial texture images, From the results of computer simulation, the
proposed method is superior to the conventional one.

I.M £ ture A2
texture 4 A& e 4 P

T dAAE, d4EA, dB717, BF LA 28l texture o A9 4

A58, A4l 4T ofel okl A A FE 6l e n shvtel texture o el A2 ohE
Z o]lgslo] aRfHo g og A& A sha ol 4 sk texture 54 & Zty odede] ol rh A3 ul
7) g AF7E SshAl Qs a glepliizlsl ol& dodel AL e g texture A 3
32 A A Foll A é% ki S R R gizlaiblo)ebz ghet, ol2]q} texture o 4 —Er
o} mh-¢ F o gk Aokl oAb » Lol A 4} & ofeirba 38 Robrt el 53] <l¥S
€% F Ue EAELR ¥, texture, Zef, 2 o2 e ol odate] paloj ggabal, A
oldR a3 olFHFETol ot 2FelA A 'HAE 2 FE e ZJr%“’ A efa els
texture FRE H$ Fag Sqelchdl tex- 7] gokell Al e ofdef gA Gl FE5HA

od Ahje] & 3hA (pixel)ubo 2=
o| % st E7te
J 4] o) 7%145];;].‘.:),

Lok [‘J?L' r.v:,

Ol

*ERKBE A Fe LR
Dept. of Computer Eng., Andong Univ.

> RERPHREwEE HAY LB
Dept. of Electrical and Electronics Eng., KAIST
R SCESE 91119 (551991, 5. 30)

Texture 34 28L& w857 Yl 718
Ao 7 371 Bofoll )il Aot HEHo g g

1249



RO ERERCEIL - 12 Vol. 16 No. 12

TH ok A= texture o 4bo] wmalélel w3k
A-Folm Ed i texture o 4bo g -‘?—E{ Exo

st Aeolet 2e]a alajato

& & texture o
A4 23 ukfo) ofgk oot T*EEI ojok &lri, B
Tl A = texture 54 & FE6k] 94k aat
ol el EE Alatsliial gho} texture of 4
< texture 9 (texel)o] F4 3 wlodol ufe}
], wef 53 32 A" texture of Abat
TR HAEN e 72 texture iAo 7
hE o rh ela £ 23w e texture
o Aol ubel A H S FEF w0l 2
H 53 35 o] 2lov] mrojoly S8 Ho}
off whal of 27| A<= wpdio) ekt of /] 4]
= A A texture dAbo 2 HEl of Abo] A
ol 4G FEeb= whilS V)4t sich %

AA texture of AL FH sl gl el 4= ol 7he
A7t el %;—*iio!l gt Adg Aakel Julesz con
jecturelV6iTle) o g Hojxw 2ab HAl L4 o]
Hasboh rela 23 A4 S48 Feb gy
Aol w2 GLDMl(gray level difference
matrix), GLRLM/(gray level runlength
matrix) 2] 2 SGLDM (spatial gray level dif
ference matrix)& o] &3ski=  Ao|ulitin
Weszkal®' 2} Haralick!® & texture o A48 &
(classification) 8} 7] a4 9ol 37}z nhwe
S drbstelevd 24 s SGLDM & o] &3}
o] 2aF A BAE el Ae] s 4Eks

=l

Halvh TLefu} texture of Abo] M obis o} s

texture of A% Rakarl glaf 4y 7 B v}

SRS FElokshizd] SCLDM % o] 830
EAE 78 Aol v rl*\}*lzbf} S e
&7b 288k 2L o] R4z SGLDM - of 4bef A
ol oFx}sl allwlol] wled dhis v]od =& of oAk
S %257 9al = 2 B aubo) FHol ckxs)
el o) Al Foll wlellsha= ol Aol o g o)

2] '

3ozh shbavieh SA@e FE6] el
[e]

Anl gt ofofel 4 Astek K A@e FEI ¢
Ql A mb A 1 yxoll 4] blurring 3l Abo| ub«l s}
o, AEav]E Al A §ake) blur

1250

7l glstol SGLDM 3} o] 2 B8] &A1& 737
Slgh mbs Al S %&16}1 A A9 blur-

el 43z Sl 4 aliket Al A S s
]

ring & 48 7ha4217) gk bl 5 Aokt
32k Shed B e Hoo] Lo gz Zollo]o] A 2%

ol 4} v]£2] SGLDM & =shi= winln) Ex =

F uwblofl el ardala, Al 3ol A ando w

LS FEsh] 918 ube AlAdA S Sual,

AA AL o) blurring & ARE 7E 4 A7) 7)

48 abare]l &8 dugeh el ol

o st 7l ae el Al S-ellol A8 Al 4abof] 7] &8k wf
|

Avte e Al 5ol 4] g ek,

[l. SGLDME 0|&%t 7|EL| SHH tex-

ture S8 F& 9

1 V’T [} (e] N
Slaf <4 ol 4hS Fabdow T F v 5
Ao mZafol gehlizl B3] texture o AHS
IR SE s o, e V0l gk Soalel 4] tex
ture of el 5 ek ol Ag el
olvl texture ©f Aboll cfal -l =3 wpwl o
ol texture o 4bel ER(EAH, FxE
texture of Ab51120) o} texture oAb wowllel wbv

tl o)) ube} o @] 7h=] # <% wbwilbie] gl o}
Ll [1] ol 7ke] A} 7k ol 4l Xwdol o 8t Julesz
of 41417 ol of o] ol 7he] M A w2 A
B [l%,,:_ ropeio) ol Ao Twlahy] 9)ef 4] =
A A BAulo i $EE T 23 FAl B4
b4 ol 8ol %18 woloul texture oAb
1

Piela garah 7] Eel ojaael wphHel 4

il %S o geba sleh 23 £ 54 —3-
ki bl e vl odabhel Mg ohE F sha
g



T+t W GLDM, GLRLM =zglx
SGLDM &-»] o 3.5 o] \:iLuHSJle'Jo]r,}-

2]} Weszka!®'e} Haralick 511162 texture

£ 5317 flsled Aol °d*§L75& 22} &%

15 g4F o] &3 texture £ FF Wy F
o] ) GLDM, GLRLM, SGLDM, power A~ E
Heoll N Asg vim A stden] 1 A
SGLDMe] 7}7 9-43 Aoz aiw 5gdct £
Aol A= EA A texture iAo g Ry EALE
S FF sl 71 HAEAH Wl SGLDM
off thsled A slat ghod,

o(:)l /\OL

o

1. SGLDME 0|28} texture £ F& Uy

Texture 574 -& JAe] st ghat ol 3ha
5 2tole] F2bH Aol o&f HefE £ ot
Julesz!"l= A &0 8 SGLDM-E o] & slof 3
£AH BEAS texture I AHS %Tar =l o] &
ahel oo, ConnersQP Trivedi'¥W& o] a4t
Aole] olER B AARSEY] HElo] ol % staE
Abol o] st4 3t Ak el AlAbste] QlF S 2
2 B o 32 AAg B4 sl o] & sl
o}, 2] 3 Haralick!51116].2. @ubskol thslo] dut
F dojAl 5 sla Abelol SGLDME T3l
HE Aok dhlom, o] el g o] &sted g1y 4l
A ALAl gha ARl dw)7d ARl H9] o Abol o
gl B4l EA4E 7& 4 ot = Chendt
Pavalids 1814= split-mege 42 o] &38ko] tex-
ture o A& B aslrlo] SGLDME o] &34
o}, ol#d Wi Eoll M AFEEF SGLDM-2 of 33t
gol FHE 4 Ut

noko] Alzb& ol g} sFaL, Nei 431 vl

G = = RS
Zrolel &l 772 Le==il, 2 Nc},
Lr={1, 2, - -, Nr}, Lg={0, 2 ,

st §hg7h %D}. %, G : Lg ''''' > Lr % Lc

7 2] dof ?H‘*’P et

el 7he - 4578 okzb3) b SGLDM -
A"l g o(d, 07)=¢'(d, 180°), &(d, 45°)
=¢'(d, 2257), &(d. 90°)=0'(d, 270°), &(d,
135°9) ==0'(d, 315°) &} & A7} 45 &l o
714 Qld =z}t sed o] transpose ol w] o)
e s zhrbel ubdke)] o slod At stel SGLDM
= pli, j/d, @)xds]wi, Atstsl SGLDM &
F5pa ub & SGLDMe| 7+ $l4o] 8148 at

b 1ols v % SGLDM-& P43ty v 4
o gteog 2 Ui LH’~”4 Het,

ze|a 7} ukdko] ol sled A Fatsl SGLDM o

2 rel od% 4 2lis texture 5% 'E"Q\: oh-& 7

Ng Ng
n(d(d,8)) =n = ¥ I ip(i,Jid, &)
i=0 j=0 (1)
c2(P(d, 8)) = o2
Ne Ne
= ¥ (i-m2 ¥ pQi, jid, &)
i=0 J=0 (2)
(P, 6))
Ng Ng
=3 ¥ (i-m(j-m) p(i,jid, 8)/ o2
J=0j=0 (3)

1251



B EH S SR 9112 Vol. 16 No. 12

Ne Ng
E(P(d,0)) = Y I p2(i,jid,8) (4)
i=0 j=0
Ng Ng
H(d(,8)) = T I -p(i,jid, 8)
i=0 j=0
loglp(i,jid, )] (5)
Ng Ng
NP, 8)) =X X (i-)2p(4,Jid, 8) ‘
§=0j=0 (6)
Ng Ng
(P, 8)) =% ¥ (1+(i-))2)-1p(i,jid, )
§=0j=0 (7)

o714 m(e(d, 6))& Oake g dubd Hof
x5 Abole] el ¢X(@(d, €))+ FAk
olth, 22l C(a(d, &)+ A 4o, E(o
(d, €)= A=, Hield, &)+ xRS, ¥
2 T(&(d, #))+ contrastolvi, [(d(d, &))+= 2
Ao}l Z 2ol A (local homogeneity) & 3#
Ak A xolrh o 2= of e 'l*iﬂ“‘“" Fia
A AE oulstid Fo A4 Oilbﬁ ] atof =
ool e

1. SGLDME 0|28t 1% texture & F& &
H
Texture °3A-& 2&slr] 9ah+= texture
EAg 7} shaof chdled Alabslof 5w o] & 9
Al WxW 279 358 s3utsko 2 & 3t
24 A ] AEW e shiol disl SGLDM &
Fatat o]z HE EAEE AlAbsiol gk A E

1252

= 1) 3o F=Alg s} (x, y)al ASst
(x+1, y)]l A% viashyd Feo) 1% 2y
o] A AR 9 B% Huo Mrirv] viojr B

ox
vt} SGLDM & F3h# °b_ ol 3t
SGLDMoll 4 skl ®aals Sasied 44
SGLDM & 34 glvh 1) SGLDM e &
Y] texture 54 S AlAbshs AL A A7)
7ha) 2 Absd iwd SGLDM 9] z7) o vlelishe o
AbS Falallof 5 dl, akef SGLDM e =277}
2w 3 shsol e A5 AlAbslr] Yl e
A AbA] 7kol £ 2 %lck of 714 SGLDM | 271
shaghel okasl A wloll wlalshm 2 kol 2w
abzp st ol #ll o] 2560) 7 SGLDM 2| 271+ 256 %
o560l eld] SGLDM & #Al4He i A5 ol
A W3ty Haakg s 5l 2g SGLDM o
2 M texture A& AlALE

]

gl 3

5448 o gated @Al o) HHUS AL
]

s
4 ool whE A A T 4 vk texture &
A Febvl A b AN hg3t Lol F
% 4 ek A WxW el shiol o

sl Awl ds} sk GrF FolA Wl Fa
SGLDM-& M, J) '4 shx, Al s AEE N
ole} hnd & g3t 3ol xHE & et

= (1/N) X iM(i,J) (8)

of 714 LY i, joll ehaked o shul 27} i=0,
L- -+ -Ng j=01- - Ng7bal e &ch,
efin Ngis shaghe) 2)e) ebabshghol ot

A7)l A FEwel g stas) Al A £ A
shslul gk e

- = (1/(N-2})) == i(M(i,J)-Ulis, J1)

~Uljt, 11)) (9-a)



B /Texture 44 ¥¢& 28 o4 A& &4 34 4y

= (1/(N+2)) = 1(M(i, j)+U(iy1, j1)

+U(j1, 1)) (9-b)

A ek o374 Ulk, D2 (k, Dol shesie 2
23 1o]lm UoizlE 25 09l Auraad e o

[eh=el) 8o x4 0¥l Ngwpzlolcgh U

1,302 UG, )2 AA 28 2vEl 3hao

3 A== SGLDMe F7) £ 4o

o 22jami e AA stavh A AEUE o
AEaol T mite & HeE AL o
HaZkoloh, SIAS Aelsid

)

—~

12

12 o

B ™ =(1/7(N=2)) [M(1,1)+2M(1,2)+. ...
+ie (M0, Jo)-D+olL

| +it(M(J1,11)-1). .. .NgM(Ng,Ng)]

= (1/(N-2)) [M(1,1)+2M(1,2)+. ...

+ig (ML, o)+, ...

*jl(M(jlyil)....N‘M(N‘,N‘)*il‘Jl}

(17(N-2)) == iM(i,§) - i1/ (N-2)
- J1/(N=2)
= N/(N=2) ((1/N) 3ZiM(i, 1))

- 11/(N-2) - j1/(N-2)

H

(N/(N-2))mo - i;/(N-2) - J1/(N=2)
(10-a)

7b 5le] e wbyo g Al(ab)e Helsd

= (N/(N+2))mo + i1/(N+2) + ji/(N+2)

(10-b)

ok 7ol et ke o & Shav) AA S M)
5|3 o]& 1% SGLDM <] ¥ slxo] Ui, j:)
UG, i2) ez b

w2~ = (1/(N-4)) == i (M(i,)-U(11,d1)
-U(lz, §2) -U(J1,i1)-U(j2,i2)) (11-a)

m2* = (1/(N+4)) = 1(M(1,3)+U(is, d1)
+U(i2, J2) +U(J1, 10)+UCi2, 12)) (11-b)

7b =l x, SI4 S A el

mz~ = (1/(N-4)) X i(M(i, Jj)-U(iy, 1)

~U(iz,j2)-U(J1,11)-U(j2,i2))
= (1/(N-4)) == i(M(i,J)-U(i,Jd1)

~U(j1,1i1)) —i2/(N-4)~j2/(N-4)

= ((N-2)/(N-4))m1~ - i2/(N-4)

- Jjao/(N-4) (12-a)

m2* = ((N+«2)/(N+4))mi* + iz2/(N+4)

+ ja/(N+4) (12-b)

sk ol ek 99| HA g wEatel ks i
7 AA 5 Arhe

ok~ = (Nk-1/(Nk~1 ~2))mx-1~ = ix/(Nk-y -2)

- Ju/(Nk-y ~2) (13-a)

a* = (Nk-1/(Nx-1 +2))me-1* + ix/(Nk-1 +2)

1253



GRS sk Lat'91 - 12 Vol. 16 No. 12

+ ju/(Nx=g +2) (13-b)

7h flet o714 me = kA st Al A e o
|

o} oo} B wiwW o g 2(2)(7) 77
sk AbEel ks 49

=] “ =
stol gelahd vhol ) 54 Sol of shof 4| by

‘
AAS FES 4 i, 2e) 2F el u
i

Nik—1/(Nx-1 = 2) (14-a)

=
1
\

1/ (Nk-1 -2) (14-b)

[
1
]

L* = Nk-1/(Nk-1 + 2)

J+* 1/(Nk-1 +2)

B, AR Thgst Rl

(ok=)2 = L=(0%x-17)2% - J=(ixZ+jk?)

- (mk™)2 + J{(mk-17)? (15-a)

(Ok+)2 = L+(02k_1¢)2 + J#(ik2+Jk2)

- (mH2 + JH(mk-1*)? {15'h)

AR A 4

Cx~ = [(Ok-17)2LCk-1" + L {mk~17)2

- 2J71ikjk - (mk™)2)/(0ok™)2 (16-a)

Ck* = [(Ox-1*)2L*Cik1* + L¥(mk-1*)2

+ 2J%ikdR - (mk*)2}/ (ok*) 2 {(16-b)

1254

oF gro] s}aL, el A4

Ex™ = (L7)2Ek~y~ + (J7)2[-M2(i, )
+ (M(1,4) - 1% - M2(§, 1)

+ (M(§,1)-1)2] (17-a)

Ex* = (L*)2Ex-1* + (JH)2[-M2(i,J)
+ (M(i,d) + 1D2 - M2(j,1)

+ (M(j,1)+1)2] (17-b)

olul. oll iy w3 vh oot el ek,

1

Hk= = L7Hk-1~ - L~ log(L™) - J~(M(ix, jx)-1)
log(J=(M(ik, Jix)-1)) = J7(M(jx, ik)~1)
log(J~(M(jx, ix)-1)) + J~M{ik, jx)

log(J=M(ik, jx) + J™M(jx . i)

log (J~M(jk, ix)) (18-a)

Hik* = L*Hx~1* - L*log(L*) - J*(M(ik,Jk)+1)
log(J*(M(ik, jx)+1)) ~ J*(M(jx, ik)+1)
log (J*(M(Jk, ix)+1)) + J*M(ik, Jjx)
log (J*M(ix, Jx) + J*M(jx, ix)
log(J*M(jx, ix)) (18-b)

-l Al contrast 9F 7 ¥ % (homogeneity) ¥ c©}

et REe,



)
o
O
o

;

=
=i
Bt
e
im
oX,
BE
v
oL
oE

i L S Texture of 4 B4 &

Te™ = L™ Tk-1" - 2J—(ik‘.jk)2 (19‘3)

2J*(ix—jk)? (19-b)

+

Tt = L*Tk-1*

[k~ = L Ikt~ = 2J-(1+(ix+jx)2)"t  (20-a)

#

L*Ix-1* + 2J*(1+(ik+ji)®)"Y  (20-b)

Ikt

IO
1
EI.
il
i_.
_0
3
E
e
)
el
2
2>
o
L
alo oo §

[e)

3} sol ] dhof iLd o @ texture -?;—‘xc}-,_—
F3 4 oltdl, 3 1ol A EA FF abv g
ol gstol gk shaol thgt 54 %S Aobmnll
a.ob AAb A 7he v ukg galelkdeh 1
off 4] W= 25 9 171 4 oo|glel 24 B A
thslo] Al Ak ZEE | &g wlae x4 3
2Woll 4 el 10><2W91 od abo] 3 9 shud, 4
Lo e H A 3X2Woll 4] A 17 x2W A
of olabel A gsbe}, uja Hgd VA rE
oflu] 2] oF ol & & 9= ek 64KB44B(byte) o}
vho] ) &2 of dbyte &8 1 o] slelch 1]

W
- >

---------------- [l —
fin — >

--------------- fin —T
--------------- fi —
—

................ e S
.......... e »

< —

W
23 e v @ she gAel 49
Fig 3.1 Sliding one pixel to horizontal direction

vb oAbl OLZ}Q diul o] 2569174 -F, 71&]
WHE 2 AH(D (7)ol 2t oF 4= 2l Eo] el 3l u)
o} Aol x 64Ku191 tf 4l ;:;;@10440 25 & o}
8hv], 7)]ed @ xw 64KB7E £ g i)

H ) oh B s abwlel] gl e gh 4k 4] hat v]el ek

Table 1. The computing time and memory space for fast
feature extraction method

-

| A xEAl 2 Al g4k ‘ |
) ed ks { ]
.o Gl o4l NS )4 4 |
i
!
8 : IX2w . 3IX W 4 byte ;
L Bx2w 1 13x2w { byte
G R 5K 2w Porxow 1 byte
| |
i I
offt]) ! TX 2w 13x 2w 4K B+
: hyte
iy el o lox2w 15x2w | 6IKB+1
hyte
I contrast 5X oW 62w i 4 byte
aFaln 65X 2w T X oW i 1 hyte

2. SGLDM2 0|85} 1= X2 texture E2 F

&)
oX L flo

A
il

odeiulel %A gre A stelrl EE At o el
AA R el Bk YA atetAl Kok
7 oAEe) AE sy A RelA
NES S ol e o
4 e},

B

kﬂﬂ&ﬂﬂégﬁ$

B

754, o g ilf;g1 :—‘1_7}.'

o
=
0}
o
bt
1
i
i
%,
Yy
= .
lo
>
53
fo
e}
-
pivl)



SRR 1S B LAl '91 — 12 Vol. 16 No. 12.

F ek AR whHe 3E 277 WxWa - W >
a7t Shaol wlshol A5 a7lvlel of el 3
o 7bghel split-merge St FMIH g =g el / / V/ A
of, 5A% FFWHL obw Stk S o X //
mla 7 5] opol 4 ek uka Al4LA S o] & / /
stol 5Hg AAbaeh 7 shaol HHL FEa) Center // /)/
oy oyt 2 & zluu. eSS block / W
G een Yok Ao HEE Az By 2] // / /
© e F ol Anel dabol 4 4 P
Lol EAS Astelod B4 FFUT i ///
sl kel A aabEo A vlastol 54 /l A A\
del Alah Foldl FEl gk enl ghebi £ Current pixel to be
I 3} ) e calculated texture feature
Zzlotowi “1 #HAAEL A oshel 1] 320
Hax, 2 FEar1eh AF Ao e FalA A B 32 AL Ao dha o 4 e
- ° ) i Fig 3.2 Minimum(wxw), maximum({wxw) window size
ioL%f’% i‘l stodck A akxl Hohﬂ -& %‘6;}6;}?1'1: and adaptive window .
threshold
adaptive get fast
window for [—adaptive }——> mean
r f(x,y) mean, energy features energy
entropy by eq.(13) entropy
, (17),(18)
adaptive get fast
original —1 [f(x,y) - m]2 window for (—+adaptive |——> variance
image in . variance feature
WxW window by eq(15)
[f(x,y)-n] adaptive get fast
F—1 * window for —adaptive |—> correlation
[f(x+dx y+dy)-n correlation feature
by eq. (16)
[fix,y) adaptive get fast
- - window for (—ladaptive |—> contrast
f(x+dx, y+dy) ]2 contrast, features homogeneity
homogeneity by eq.(19)
,(20)

preprocessing

38 33 A]oul aio) Lw
PWxWel Bt dx dy: EH S T3 @l B
Fig 3. The block diagram of the proposed method
(m : mean of the pixel values within a maximum
(Wx W) window dx, dv : mtersample distance cor
responding to x and y axis)

1256



.WH
o

A
A+
ﬂo
wlr
oo

r

A
el
o
o

1

R

4

# & /Texture

e

START

Get SGLDM
for{y, x=0)
Get texture

features

from SGLDM

input
prameters

o] Wt

=
=

BEEERELES

= 71E

of 4]

7k Al

T

o

[ Get adaptive window I

R
=256).
3o 4

%7

bol zhastalet. 28]l 4.3(1)ol 4 =

a

Get adaptive

x = 256\

stop

features

texture 5

Q
1O
._’/\

pus

=

1A A
R

al

features(max. row /column of an image

o= x1]e

Al AL, H]

2

h

13PN

W

T,

Y;] ﬁg T

H

blurring &
T

2
=3

S

Aol u}

%

(<)

w2
a

7))
o) 3

=

o

at

1
jifed

Fig 4.1 The flow chart for extracting fast adaptive texture

a4
blurring

L

b

i3]

5
256 X 256 X 8

H

al
o

7o)k,

bolch

12 733k

= e
T

3ol o
¥
-
& ol = 072k 907
LA 57

shad
of o]
e

°

3

el a7

4
32x327}F = A
w) el d

o

A §
-

=

&

2 o«
R

ol
o
A

7)

%l

?—

k)

=

o]
-

el et
Az o
1.7] 2]

=

T

of A

E,

W

-
7

E
7+ 9.
A

E

71 o
texture o Aol thate] 738 Al&-2)ol Al

3.30 %A
18] 4.348 1y] 4,474

4kel

4] s}

ook,

bit o] v

o] 31 SGLDM
4.2(b)+

o
N

o)

wh
b,
i

Iy
1

74 Al 9] blurring
1257

4.3(2) ¢

]
=]

podrh, L

©

i

i,

S

-0l «
=

,
2554Fo] o] % 7F 3t shanek.

contrast



SFELATR &R LN - 12 Vol 16 No. 12

-~ 1%

&,

U] e card sreio o

feat. mean standard |correlation
reg. deviationjcoefficient
————-1 R1 120 10 9
‘ R2 120 30 0
R3 R4
R3 150 30 0.3Chori.)
R4 150 30 0.8(vert.}

(b -al

7 42 9 bt oA Y

Fig 4.2 Origimal (artificial) image and 1t statishics

ofodulol <] Ao wishol s 4 sch L)

v 16
s E;]» A B "fl' e i
Rl 4= vhrbol v ol b [ U RO N1 o T
. Too wosbody Chdy s
4400 2] oz g} ot w TR BTN GRS T

[e]
. S BRI e
blurring # 4be] 7k ehal et ab 4 ok oLl L
Z

R
- ] O i
[ I ] ) vt Fig 4.3 Mean, Varmmee and correlation

Q
5 1.2 ol A~ ol gh M ElsLol trummum window size 8x 8, maxinum window
o) S oF 5 ok ofuwl AR ah EEIGEY

T

)
I
O
P
ey
O
o4
2
Nog
2
i
2
»~
S
o3
3

I

slae 3l sz d L6 )

offif 2] o} o E 2 M5 300 sholv npavl L) mean by fast method
o=@ 12l 4.4(2)9] contraste} ol wm el 4% tihy mean by fast and adaptive method

S Por vinanee by fast method
oA Z 9wl o o EREEl vl A B Lol A

A A O M- =k 7k Al el A Uld s variance hy tast and adaptive method
blurring %+ 4 ol o v o ofel ololujel 4] v v (2 correlation tor €20 by fast method

crel o4 4(2) 9] blcorrelation for A0 by tast and  adaptive

s Eae) Wa s el

i

' mmiethod
I . . Lo ‘ ’
F-ab7 g8l Abggh VeElgb e COhcotelation for & - G by fast pethod

T : : ‘ sdicorrel ‘or 6  faat P
2= 1000] v gFel gl w95 300 cedicorrelation for 60907 by fast and adaptive

st hod




R Texture o 4 ¥4 A 2F 43 5 2F by

(2)contrast and homogeneity

3 a4 oz, el 29 contrast 2Lelal o)y
(a) ol =] (A 4)(1h) el vf x){ 4 4 £
(1) ol ¥ & 3 ( LL—*»)
(1d) ol E i 5 55
(2a)contrast{ i
(2b)rontrast( L4 4 2-)
(2c) ol m () 2d) e (s ™ $)

Fig 4.4 Energy, entropy, contrast and homogeneity
(minimum window size 8x8, maximum window
size 32X 32, d==1, ="}

(la)energy fast method

(1b) energy by fast and adaptive method
(1c) entropy by fast method

(1d) entropy by fast and adptive method
(2a) contrast by fast method
(2b)contrast by fast and adaptive method
(2c

(

A

) homogeneity by fast method
2d) homogeneity by fast and adaptive method.

aelm HAA B39 blurring # A4S £
odedle] Lalghel Wty 1yl 453 F 200 %

| 4.5(a)= A AL F3oll 4 blur-
rmg adALO] »ig). LN .9]'5}04 E ] ol AL S ¢
el A(L1, L2, L3, L4)e 2 cuttingslr} 23
A5 #FA4g Aol mrela -'LL;J 4.52) viriz
7t EAof] wlsted 5702 cutting Ao w}a} o
74 3F Aol a0

£ HA el gk groleh A E
‘/1%91 BEl b wlasted A4 ol 4 blur-

ekl e ot eleleh el
o) eletuoll 44s g o] wskis g 20 hep
amel] odedoll whel abol 7} gled, 71w
wlastel Al )it o] FAl 8 dsts] 9
@ ol ok o) ) g abeh. ofolol] wheh abol b vhi

e RlE A uHE Wl AT EF AHE G ol

»p

ring & 4bo]

S-dhod 7k ofed °l E5 o = Al 45}91 7] ol -
off 7 Al Fofl ¢ whal 5] 3= blurring-2- 38 5} =]

Lok 7] o)k,

[nes

B 2. Texture ¢1°4(R1, R2, R3, Ry)oll &k 2t B e s+
H 2 .
Table 2. The standard deviation of texture features for
each region .

ewel RU | R2 R3 R4
F B~ I 3

o
)

dloh | 71 | Aok | sl A

9 134 26 34 36

w57 b 30 s 1T 2w
L’d N 53042 14 15 29 - 22 41 |3
i%‘-(m |
[
\,, ;
\ET:?(:‘ 52 140 73 2| 2905
ol 54 56 | 28 29 13 1212 H
I I i
T |
)”:lt”’ 55 0510w w18 2 19 2
S | |
con Lo 32 16| 401 39
trast 1

#ew, 3 31 W 3l

1259



5 BH 5B &R al'91 - 12 Vol. 16 No. 12

L1 L2

R1

L4

L1:(y,48) for K= v <=255
L2:(y,80) for K= y <=255
L3:(32,x) for K= x <{=255
£4:(98,x) for (K= x <=255

(a)4 cutting line »

1260

D245 g ed el sy
Fig 4.5 The cutting hne of feature image .

AT ;
[ W
(b)3 (L1 line) (c) 334+ (L2 line)

e LI
e




W /Texture o3 A 2812 918 14 H9 &=

| 23 oy

// e
4 5 *
/) Yo
E;'X’f * )
g'[ ¥1
b
I 3!
{{*f Y
ot

—_
)

.

;
3

o
o

-

?

(e) #4HL3 line)

//

e

-+ -————**“"‘"M
I

wott

bt

e

(f) 4 A==(0°, L1 line)

(g) A3A 4(0°, L4 line)

8 45 A4
Fig 4.5 continue.

1261



MBI a1 -12 Vol 16 No, 12

//”W“Mw

|
AN

(h) 42k Al 4-(907, L2 line) (1) 4H33A (907, Lt line)

(3)elld =) (L1 line) (k) oll v 2] (L3 line)

%45 4%
Fig 4.5 continue,

1262



w3 Texture o 4 2

{1l & 2 9(L1 line)

(m)o) 2 2 9] (L3 line)

%fw?i

—u—a——-'w_ /

(n)contrast(L] line

(o)contrast (L3 line)

18] 4.5 A &
Fig 4.5 continue.
1263



a6 1, 44 B am sat'91 - 12 Vol 16 No. 12

a8l 45
Fig 4.5 continue,

v l\-‘

| ‘\

|

T
T h 7 '
|
L - &Qmi
M
k_fv
(p) < = (L1 line)
V. & 2

BoEdtoll 4 texture of A% w-9bslv] 9l 4k
gl “['1‘7\3 FE g "’”"P'OP?'D‘P A vl
2o B Aol texture £ A 53 o] o] 5lof
Zhebsh A aakelgd o SGLDM S Al aksE= )
Wt ool e A Fdehs HLH'ou o) 5o
waladeh, fLelan Ve rg»"g] A A S ) 4
}}'C/{i-—o*‘]:] o‘ T 5}] 71'5 /l 2] O}’Oi A] (i 7-;1‘_?76,]' 1]

o5 by awu-,— Salelvh, cLolan el
vl

ddell A A=Al & shebal texture ofele] 74|
A erJ] 4 blurring 4bA 3 A% sl skl g
sl T y-H o obarelF-& #lokshad

IR &

[

e I R e A T I B AR R I
of 719 Wl Aloksl wbilS A 4] Hou)
old o g u|nsled o m Axt Al gky] abwloe)

u n Oﬂ&l Hl_\ﬂ 14

ol gl ch.

7)) wpufoll u]snsted 73 ) 4]
7(4 glap 7 1) 4 ol ,Oﬁ,oi_ ok ES
oot ol psiojafofal 4o Aloky] whv

1264

1.

KOS Fu and

()7 L (1.3 line)

o gl AR o] #3he] texture o AM S

G elpob o e abel gl

V.2 1 B2

o

D.H. Ballard, C. M. Brown.
1952,

“Computer Vision”,

Prentice Hall, Inc_,

A Rosenfeld  and  A.C.Kak, “Digital  Picture
Processing”™, 2nd edition, Academic Press. 1982,
R.C.Gonzalez  and P, Wintz, “Digital Image

. Addison Wesley, Inc. 1977,

J K Mui, "A survey of image segmen
Pattern Recognition, Vol 13, 3 16, 1981,
R.M. Haralick,

Approaches to Texture Proceedings of the IEEE.”

[), G "
FOCessIng

tation”,

“Statistical  and  Structural

Vol 67. No 6. May. 1974,
oLV .Gool, PoDewawlw and A Qosterlinck, “SUR
VEY : Texture  Analysis  Anno 1983, Comput,

Vision, Graph. and Image Processing. 20, 336 3067



# CTexture o A4 288 24 w8 M2 B 23 uly
1985. 532-550, April, 1486,

7. B.Julesz, “Visual Pattern Discrimination”, IRE 14. A.K.Jain, “Advances in Mathmatical Models for
Trans. Inform. Theory. Vol. IT-8, No. 1, 84-92, Feb. Image processing”, Procedding of IEEE, Vol 69.
1962. No 5. 502527, May.1981.

8. R.W.Conners and C.A.Harlow, “A Theoretical Com- 15. J.M.Keller and S.Chen, “Texture Description and
parison of Texture Algorithms”, 1EEE. Trans. on Segmentation through Fractal Geometry”,
Pattern Analysis and Machine Intell. Vol. PAMI-2. Comput Vision, Graph. and Image process, 45,
No3. 204-222, May. 1980. ) 166, 1989.

9, J.S.Weszka, C.R.Dyer and A.Rosenfeld, “"A Com- 16. R.M.Haralick, K.Shanmugam and 1 Dinstein,
parative Study of Texture Measures for Terriar “Textural Features for lmage Classification”,
Classification”, IEEE Trans. on System, Man, and IEEE Trans, on System, Man, and Cyber. SMC-3,
Cyber, SMC-6. Nod. 269-285, April. 1976. 610-621, Nov. 1973.

10. S.K.Pal and N.R.Pal, “Segmentation Based on 17. P.Cohen, C.T.Ledinh and V.lacasse, “Classifi
Measures of Contrast, Homogeneity and Region cation of Natural Textures by Means of
Size”, IEEE Trans, on System, Man, and Cyber, Two-Dimensional Orthogonal Masks”, 1EEE Trans.
Vol.SMC-17, No5, 857-868, Sept /Oct., 1987. on Acoustics, Speech. and Signal Process. Vol 37,

11. X.Michel, R.Leonardi  and  A.Gersho, No 1. 125-128 Jan. 1989.

“Unsupervised Segmentation of Texture Images”, 18. P.C.Chen and T.Pavlidis, “Segmentation by Tex-
SPIE Vol.1001. 582-5%0, 1988. ture Using Correlation™, IEEE. Trans. on Pattern

12. F.M.Vilnrotter et al, “Structural Analysis of Natu Analysis and Machine Intell. Vol. PAMI-5, No.1,
ral Textures”, IEEE. Trans. on Pattern Analysis 389-394, Jan. 1983,
and Machine Intell. Vol.PAMI-8, Nol. Jan. 76-90. 19. R W.Conners, M.M.Trivedi and C.A Harlow,

ol

199051 3¢~ A4 -
Tk Al ok 4

1986.
3. C.W. Therrien,
“Statistical

T.F.Quatieri and D.E.Dudgeon,
Model -Based Algorithms for Image

Proceeding of IEEE Vol.74. Nod.

Analysis”,

#F ¥ #(Jung Hwan LEE) FEH

19843 2% @ 33

&

g2 el

A abah( 4 apal gl
1986 39 ~F g dE bl d

h A AR ea b g

) QL
obgel st #H 8 ¥ ekt
el A, o AbA el 5

19861 24 :

£ 97 4

19614 41 1704%
Wb 4 Abgets §

19844 91~ (1

RO R

A]

“Segmentation of a High-Resolution Urban Scene
Using Texture Operators”, Comput,

0. 1984,

Vision, Graph,

and Image process, 25 273-31

£ ¥ Xk (Seong Dae KIM) & H

195348 121 26 H 4=

BEEN T R S )
R AU PEL

DB R E R

19774 2}

19794 2H

NN TS IR TV
1%
19334121 : ENSEELHT M4
o e 1%

tvlﬂﬂﬂ%f{ﬁ’qu_ AR R I X UF ¢

. 01 ALLI—§§]U| n’

] ‘3‘1!.

4] 3akgi |l
o]_‘x

1265



