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Implementation of GLCM/GLDV-based Texture Algorithm
and Its Application to High Resolution Imagery Analysis
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Abstract : Texture imaging, which means texture image creation by co-occurrence relation, has been
known as one of the useful image analysis methodologies. For this purpose, most commercial remote
sensing software provides texture analysis function named GLCM (Grey Level Co-occurrence Matrix). In
this study, texture-imaging program based on GLCM algorithm is newly implemented. As well, texture
imaging modules for GLDV (Grey Level Difference Vector) are contained in this program. As for
GLCM/GLDV Texture imaging parameters, it composed of six types of second order texture functions
such as Homogeneity, Dissimilarity, Energy, Entropy, Angular Second Moment, and Contrast. As for co-
occurrence directionality in GLCM/GLDV, two direction modes such as Omni-mode and Circular mode
newly implemented in this program are provided with basic eight-direction mode. Omni-mode is to
compute all direction to avoid directionality complexity in the practical level, and circular direction is to
compute texture parameters by circular direction surrounding a target pixel in a kernel. At the second
phase of this study, some case studies with artificial image and actual satellite imagery are carried out to
analyze texture images in different parameters and modes by correlation matrix analysis. It is concluded
that selection of texture parameters and modes is the critical issues in an application based on texture
image fusion.
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hoRel S } 19 BAZ 2 Texture F3E A48 Uie A& Avde Texture J733
= F8% g 2o) UE A A ST, R APAQ 9 gAF AZEYAE
2 GLCMolZHE Texture £4 7152 AT Uth £ A7dAME, GLCM gXEFd 7w
Texture GAF3} T2 IPo] LTHE YT, 71402 GLDVY) 719+ & Texture YAI3} LE T8

20043 11¢¥ 129 " 5 20051 39 49§32,

-121-



)

Korean Journal of Remote Sensing, Vol.21, No.2, 2005

& AFdh £ ZEIYAME

Moment(ASM), Contrast 53 72

78 GLCM/GLDV Y 67}A] Texture W

Homogeneity, Dissimilarity, Energy, Entropy, Angular Second

o e} 77t ol aat

E Texture GAHES A48 Wtk GLCM/GLDV Texture G/ AN E B& A& E veisob
SeH, of ZZIYNHE NRHOR F-4, B, B BA-WE S RA ey
& AT T o] =RoM AEA FER AUl RE 9Ske A HFE #S Adee
Omni W ZEot AU $4 sAF A3ty I F9 stid tfg 9% 43S 2oste 4%
W o8 AYdich £ & AFdME &g 717 Wae BT mal Bold Texture FAFS
BNe 9519 A4k 94 2 AA 94 A4Sl st AHE Textue G4 b SR B4} A
I BAL £ HT Texture AT LA ol GA] AAA] HLH HFE el o
ek G 7 AT E BAshE o) BT AR AREn
LA E Mg £9 wgo] s GLCM %ol 7% &3
Ao wHoe g vl vk T3 Texture G439
A2 2 AT 94 GAAERe 84S g3 o8 A7 98 £F AN Texture 9§
odg 7kA AFst AYEUA 1Ze ALHAA e FHEoE AEske Af ANEA R
U o2 A FR HEHT de g 94 Az FFH £F AET9) P Texture
B wSe] g3 B4 DAY Ae apspa) 980 FEF ARl o2 AATelM 73
£H7 3o olEe @7 Fl4 Uy sast g AU
A SaE Al $AH RX AE T A T o1EK Texture F4) FEFNE &7
A" 2313 ¢l Texture 94 Ag % %%% BES 37, 71 gAY SEATAAN o 71H Y
ATE AZ F28 $F 59 shtolth ol o] oste] WA EE Texture G474 H]
iz A4 Textue ¥4 A& A% i A% &L 5E Al 1 Texture F/¢2] A

7]
712 NdL Haralick et al(1973)e &3] Al<td
GLCM(Grey Level Co-occurrence Matrix)oll %3]
AAZ HREH, HILAE Textue FAY EIE
Z9 Ags g3EE 7o) vy A7l WE 4
T A% FA e FAIY (Duyakam ef al,
2000; Al-Janobi, 2001: Clausi and Zhao, 2003;
Maillard, 2003: Bharati et al, 2004).

¥ Zhang (1999), Franklin et al (2001), Wang
and Hanson (2001), Kiema (2002), Smith et
al(2002), Herold et 2l(2003)%5-& GLCMel 7]4ta}
of AAE Texture FAE T okt BA] 84

a OSIILEQ} e YA B8 Hopo A A&
de ¢4 A7E FAT 9 9

Texture %‘%"«] ARL 9% 7]5’301‘4 S E
Aol gt /&2 AFfMs diHCE FFT
7148) Texture GAH B4 7| o)1} Variogram

e

C71E A A7 e

ARNHoZ AAE v}
Aol gint,

A IR R A9 €4 g
ZE o1 A4t Texture G4 4H 2
A 71O 2 GLCM 714te] Texture G4 A4 7]
s 79 5oz ATy Yok 2 °4%°ﬂ*1

e

N

dadez Fa3t wp
oA ARG F U=
Texture G4 A4 ZRIHE FRINOH, =
239 738 NdE F71H 02 Parker(1997) 3
Hall-Beyer(2004) o)) 2]l M® ¥ GLDV(Grey
Level Difference Vector)ol) - 718+& & Texture %
o e ANEA Fdsach

= O
L

-122-



Implementation of GLOWGLDY-based Texture Algorithm and Its Application to High Resolution Imagery Analysis

GLDVE GLCM 7)4l Texture GAhdAF<] A
Ao A dojAl Ade FE Aol ek

o] Rwo=Z 3 AojT GLCME ZE A

& aEdte Zolzt glout ¥4 wWeoly 9
AR AARLE AL FLst '

Texture /39 AAAM= FAA Y F
g, diol8 448 FAsH ) gA), AdY A
7], & BXY AL 9 wek Fol FQ v
A7t Her olFeA Wi Ao gk A)
gtog B AFME Omni W REdE i
ureF AlAbs} Cooper(2004)9) 9j3ted #gte A
W ZEE AP ¢ UEE Ytk £ A7l
M ol#dt wi| WA wel A Texture
GFEC] oudt Apo]E Kol o it A
Bzt st A Texture 974 749 Wl #4
T 22 20 A Qo7 Texture 4 FHES
FEAF BAE Y5t Texture F4 A
Ae-g At 715 AAstILAL st

2. GLCOM/GLDV ¢38|& w3

1) GLCM/GLDV Texture 4

Texture GAFel] st Heol= & 71x7F YA
o o] He dolE 94 Yol £3E e
T BAE Fste 94E vebdoh ol#%

1

_I
4
;
4

04 B4 w7 98 PPoz A
GLOM 71Me @A) stast 1 olfae i)
7] kel BAE A, ), ABBA 57 e
IRAL SAGOS A, B 2 AL 2

X
mi
=
1o
ofi
o
l?L
»
o
=
U
4o
T
S
§:L
{o
b
]

o
|o
hu
=3
[l
21_5
rie
)
ie
o
_Q,

Texture %4739 3” JrZ%ﬂH 271 949 Hel

© A 4EE VAR FOHA Texture FAH

do
5 fo

£ MR e
DS‘-I‘
ML i
=
B
1o
Wy
N

o ox
e
>
e
o

o oy
>
)
Ir
18

T ok
o

lo g oX
w M
o
X
Lo
>
oS P
>
of o
N

r
)
‘oR
o2

= =

=2

o k@ p
K oo fr

o
S 22
rlo
of
o,

%Eoﬁ%
iﬁd‘ékﬂwﬂlmlo
o

2

T ol

g R
rﬂ%g‘i
g
25:@

o glo

2‘—'«

meo+>mHJlm¢rﬁ:

m rle
)

A HIE ZFO 7 sle] o] dhA H
Aoz AesA k(g 1(A). o] 3
A e Ao o] FA g ALY T4 ¢
Ot sta ge 2 o]t A G R
01 = lo] ulZ 7)EHe GLCMY Ay
1(B)<>1Wb A Apel =7} 3x39) 73%

L.%o%gioﬁj‘io},

OrfﬁLmﬂmlo

ir

= A2 Z43i)
A3} Jréow 256 ‘:”71 By Pl st
AL A FE AAE ¥ 3 ol o
3hal 256x256 7)< 39 A
do| We3tnE AA A4k A7kl FA Foluy

oy NE 9

f
Fo

AR FNE ol FosMMy, T A
ZFE 7o) &7 EAo] RZbEA Bii= ALL

Atk IHBE o]y o] fE At g 3

H
Y
2
Hl
gg(;
%m
(d
n M
> M
1,
rie
.
T e
=
Lo
o, =
oy rir
gL o

b ol
o>
o
b
o
o
ot
ok
ot
(o3
hu
k2
o
FE
b
i
e
W 2



Korean Jourmnal of Remote Sensing, Vol.21, No.2, 2005

ulsr oM 20| BIsEE RSt #id
01 23 ..
Ofslofo]o
Holali]o
2lojo]4|o
3
=l6] — of1lzls
v
b
01 23 .
ofz2lofl1}o
Kemelsize: 5+5 n 1{otlalezl
H _—
e 2jojoj2]o
ojofol1]1
3jojof2z]2
olof1l1 I
21111133 b
2127233 0. 1 2 3  .a
2l21213!13 oj2j2t110
\ 11o]3|2]2
E ~* 2lo|of4]0
slo|o|ol 4
v
b
0 123 ..
oji1]4]o]lo
-»10113
B 2lolo| 3|1
s{olojo]2
v
A)
o P
/ T
——|
TS AL FIXI S VIl LA SAxI Ei:’ég‘;g:

®)

Fig. 1. Concept of GLCM: (A) Quantization kernel and direction parameters, (B) Creation process of result imagery.
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Fig. 3. GLCM/GLDV-based texture image generation program,
implemented in this study.
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Fig. 4. Artificial image composed of complex types of features and their texture images.
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Fig. 9. Comparative results of GLCM images and GLDV images.
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Fig. 10. Texture images (Grey 16, 7 x 7, GLDV, Circular, ASM)
of sample image 11.
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Table 1. Cross-correlation matrix (Grey 16, 5x 5, GLCM, NW-SE).

Contrast Dissimilarity | Homogeneity ASM Energy Entropy
Contrast 1 0.92 -0.58 -0.25 -0.33 0.41
Dissirhilan'ty 092 1 -0.80 -0.46 -0.57 0.66
Homogeneity -0.58 -0.80 1 0.83 0.90 -0.92
ASM -0.25 -0.46 0.83 1 097 -0.92
Energy -0.33 -0.57 0.90 0.97 1 -097
Entropy 0.41 0.66 -0.92 -0.92 097 1
Table 2. Cross-correlation matrix (Grey 16, 5x 5, GLCM, NW-SE).
Contrast Dissimilarity | Homogeneity ASM Energy Entropy
Contrast 1 0.87 -0.61 -0.30 -0.39 0.49
Dissimilarity 0.87 1 -0.89 -0.59 -0.70 0.78
Homogeneity -0.61 -0.89 1 0.81 0.87 -0.91
ASM -0.30 -0.59 0.81 1 0.97 -0.92
Energy -0.39 -0.70 0.87 097 1 097
Entropy 049 0.78 -091 -0.92 097 1
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