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Abstract: Texture is an important characteristic of radar images for classifying rock
facies. It has been shown that texture features derived from gray level co-occurence matrix
(GLCM) could be used for classifying small segments of radar images corresponding to
different rock facies. In this paper, the influence of GLCM parameters and radar flight
parameters on the ability to classify rock facies based on texture feature derived from
GLCM is investigated. As the results, the periodical length can be found from texture
features which are calculated with various displacement lengths. It is found that sufficient
area is necessary to obtain stable texture features. The radar flight parameters greatly
affect the texture features of GLCM. i
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CVOBUEBRLICEAEE L TOFETHY, VE—IE
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Wl Hiwi [fidrv] SORESHEEaNS (IR,
1965). Vv —F—EBRIZBT ST 7 AT v BT, v—
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DSEE Y E— b ¥ ¥ FERI B L CHIF ORI
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IR Z DT —ARY MVERWSE K, HEANT
O DFFFNCIEEE { DS j e <BBEE Fo (4, /) B35
v 7 Rk (Galloway, 1975), = v VEEE S 2 AV
LHEEPRBEINT WS, ZOHTYH Haralick ef al.
(1973) #3422 L7z GLCM (Gray Level Co-occurrence
Matrix) HEiE DV E— MUY Y IEBRO T 7 AT v BT
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YUV —F—EEHREDT 7 AF ¥ f#T (Shanmugam et
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Keywords ; radar image, texture, rock facies, Northern Kyushu,
remote sensing, co-occurence matrix, SAR
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IDM (Inverse Difference Moment) X

IDM= & 2pe/(1+G—)) ®)
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Table 1 Radar survey parameters.

FHE AR 1981466 H 18 H-1981 £8 H 21 H

ks ] HARLE (7272 L—EH O 2k <)
RITEE #712,000m

bS] 28km (7272 L—E DR Tz Zh & D EW)
BLAlE 37km

" ¥ HH A=

bt 9.6GHz (X /¥> F)

ZEfASfRRE 10m (FAOLAFAD, 12m (BERESSIAD)

*® A 12.2°-33.0°

F—yERR 7 F 07

P Ao —BEBIFeEEE (1981) 2 EH.
Simplifyed form NEDO (1981).

<o 34N

33N

130E
BN HREHEROME

131E

Fig.1. Location of the study area.

F2R WEHBOME Vv —5 —BEERA
Table 2 Geology and radar depression angle cf the study area.

® A

&S fir [ # ' Frer e
1 BT eSS 29.2° 15.9°
2 EEEMEEEHIRNPIIAR JeSMNTERE 20.9° 12.8°
3 KPR TEESENE R L AT OBR  TERAR 20.0° 13.6°
4 BERRMTEREREIFN & SRRy OB Bk K RRBR 20.2° 18.5°
5  ROECEAETMZILILS T RER TR 23.3° 22.9°
6 EEEREFEIEITEIIAN s+ R ERE TR 17.2° 18.4°

HWERS S HIEH (1980) B & CIEINED (1979) 12X 3, HERE 1 ROBSTHIE.
Numbers in the table are corresponded to ones in Fig. 1 (after Imai et al., 1980 and Hirokawa et al.,

1979).
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MERERER ELE £85)

(5)

Bl Wy - v—F—E
ERH L 300X300 ¥ 27 £V, BROFSIE IHOES
S, V— AR5 2 KRBT,
Fig.2 West look radar images.
Numbers of pixel are 300 by 300. Image numbers are
corresponded to ones in Fig. 1. Radar depression angles
are shown in Table 2.

Eif% OPTRONICS INTERNATIONAL ##! System
C-4100 RS AR F v 7 —RERLTTY S 4 AEES
1To Tz, Vv—F—EROMESFEREN 10-12m THB Z &
PHE 7MY A X 10X10m & L, BELVVEE
256 LUV E LTTF VYA XBERL .

FOF4 X LLEGRLET S, Ay SHEKC
X5 THS WEEPROEERIFEET 5  Lishiro 7z,
InE, v BRI O DE S P EERE
SHTBEOAEOECICERT 2 bDEEZ 5N, B

FIN HEETFI7AFrE

E2HOERE 4HFILLERDOT 7 AT v B, KHH
CDAKDOIFNR T4 SBINT TR TR OERDT 7 A

"r’ﬂvi"&%b?ﬁ |dl=1, doDfHE=\——E55mH,
Ng=32, N:=300, 77 AF *BRT 7 AF ¥ BBCFEY
=1.0, BHERE=0.5 1THBIL L.

Fig. 3. Rock facies and texture value.
Each graph shows texture value derived from images
divided'into four pieces form image in Fig: 2. Four lines
in each graph represents the texture value of the divided
four image. |d|=1, direction of d is parallel to the radar
illumination, Ng=32, Ns=300. Texture value is norma-
lized as average is equal to 1.0 and standard deviation is
equal to 0.5.

BOVIBEME GLCM BRI BT 27 7 A F + RICHE
BRIZT, CHERBET 3R, TYVILALET—2
WWEANT 7 LSRR 72,

57 AF v BOFERE 2 MR EE R
FNEN2HET B itk o TESRI 4 EHIZDW
T, 2OTVHPEERELH 57 7 R F v ROEH
BAlcB T 2 BT EEETHE L 7o, B3I 2
MR EGEEHET 2 2 L ko TRz 4 BRI
DWTENTN GLCM #IcE T T 7 AF v ERFTEL
JHERERT., TOT7AFYENS 6HEEE 2K
(1)-) £(5), (6) DTDKAELHTZIENTES,
B3O (1)-(4) & ASM 8 X U IDM »/h& <, CON
BAREL, HEIHED (5), (6) 13 CONMB/IE L,
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CHE2E0 (5), (6) BUFTEROERETH S DM

FOAFYRARTIEREBARTZEEZ NS, 35,
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X VAR & SAV /& < COR ik &, #iz, (3) i
COR/IN& K VAR L SAV iZkEw, (4 X 1), 2
BIXU Q) ORENLT 7 AF v BEERT., IhbDZ
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WEBTI7AF Y BIZLOTRATETHE I L283bh
5.
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BN BLUEHEROKEZI NI Lo TEDESTE
T2 2BHOPITEIERRAT. 22T, 77
AF ¥ BOFEIRE 2 MR EEEHIES e
N2 AET 3 Ltk > BSR4 ERIZOWTITY,
Z DWHPRIBERES S T 7 XA F v BEOEHERIE
TEEERLEERETMEL 2. ZO, |dl=1, dD
By — 5 —BHE G, Na=32 8 & N, =150 23
RRTAZEL, ZORENTAIND—DDNT XY
DHEEILERT:,

R d DFAE V-5 —BEFRISLT O, 45,
90°, 135" L LCENENGLCM BIZE T T 7 A F v B
EEHE L. ZORR, £Mid0FARELEETHE
BEDT 7 AF > BOBERRIbE VR LEpo 72, B
4 i3 SRTHER L =20 d DA% 90° W L7285 E
DF I AFrxBERT.

Kz, 2 d OMSHE|d) 2B s w7z, |d] 28 LT
T, |d|DEINT 2 26> THE 2 MO (6) DEFICHTT
% COR DEMEMINICKEZ {25 2 LBRWT, HRE
FIAFrROBBREIFERESELEZY, Lr
L, |d|#316 Lk (B 58) Ti3E 3MTRW-EKRE
FIAF v BROBFEBE SR kot B6HEZ|d D
FheT 7 XAF+BOBEFRETRT. £6K (a) Tid,
ASM, COR, VAR B XU IDM iX|d]| 288 LI FTix|d]
BREL BB TR L, 4|28 MU ETRIZIZ—E
TH5, £72, CON X|d| 8 UTTR|BKEL LS
- THEmML, |8 M ETEREAT S, chid, E
BROTEOBE i ORI | d) 58 ITCit|d| 5K &4
BHIHES THA T2, |d| B8 U ETRIZE—ETH
BZERFT. DD, |d088 L ETRESICHRANES
BWIEBRTEELONS, oTC, H2HD (1) D
BEHRIIBVWIERDODH 2T 7 AF +»BE2E 2 2012i3|d|

AR EROFASV—F—BHEAREERT 25505
HMeF7AFv R
BoHOERE 4 FEILLEROT 7 2 F v &, ERF
DAROTFNRZ A DF SN Z N TN OERDT 7 R
FrBEEDY, |d=1, doHA=1—F—BHOER
T 3HM, Ne=32, Ns=300. 77 AF ¥ BIET 7 AF %
BECFH=1.0, FERE=0.5 HBLEL 1.

Fig.4. Rock facies and texture value in case of the dis-

placement direction perpendicular to the radar
illumination.
Each graph shows texture value derived from images
divided into four peaces form image in Fig. 2. Four lines
in each graph represents the texture value of the divided
four image. |d]=1, direction of 4 is perpendicular to the
radar illumination, Ng=32, Ns=300. Texture value is
normalized as average is equal to 1.0 and standard devi-
ation is equal to 0.5.

MELUTTHBZ LBBETHS., —F, HB6E © (b)
<3, ASM, COR, VAR, IDM iz|d| k& <2312
fEo THINZHA L, CON B|d|BAEL LB ITHoT
BIMEINT 3, Thik, TAOEE § OB d) a5k
EL BB THBCHEIT 2 2o, |dHBDRL
Ed 32 ¥ CRERICEEMSSS ZLEFTEELION
3,

BELVAIVEN, 727 AF v BOBERERE2 1012,
E2MDENTNOEG % 4-128 DEE L~V DE S
WEBLTT 7 AF v+ B0 Tz, BEV~UH
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5K EMBRKREVBFEOEELT 7AFvE FE6X
HEoORDOE G E ASELLEEDT 7 AF v B, -
DARDTFNRE A DB EN T ZNZTLOERDT 7 R
FrEREDLT. |d=32, d DFFE=\—5 B,
Ng=32, Ns=300, 77 AF ¥ EIZT 7 AF v BECFY
=1.0, BHERFEE=0.5 HBRIL 7.
Fig.5. Rock facies and texture value in case of large dis- Fig. 6.

placement.

Each graph shows texture value derived from images
divided into four peaces form image in Fig. 2. Four lines
in each graph represents the texture value of the divided
four image. |d|=32, direction of d is parallel to the
radar illumination, Ny=32, Ns=300. Texture value is
normalized as average is equal to 1.0 and standard devi-
ation is equal to 0.5. )

—6— ASM
—»— CON

¢ ) —a— COR
—e— VAR

N
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(@)

—6— ASM
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—a— IDM

EROARES LT 7 AF v &

(a) WE2RQ1) oEf, (b) XHE2R(6) OEHE Y
T3, T7RAFvBRT 7 AF v BECFH=1.0, &
WRE=0.5 WHBKELL 2, =T —"—EHELI4D0D
ERE OFHERE2RT. SAV i, ERFESKRELT
HT T T ISERL T,

Amount of displacement and texture value.

(a) and (b) are corresponded to (1) and (6) in Fig. 2
respectively. Texture value is normalized every texture
category as average is equal to 1.0 and standard devia-
tion is equal to 0.5. Error bar shows standard deviation
of the texture value. SAV is not shown in this figure
because of large standard deviation.

OFEHIZ I, F—EBELV~VOMMEZLDEA N7 F DOEEREMEFFCEFNFTN2HET A2 LIcL>T
LEHEENEE B W, ZOBR, BROTIIAF ¥ BohlcdBERE—DDI7IFAEL, 6D T AEEE
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J=Sw/oo ®)

%
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WAEGORES N L7 7 AF v BOBREE 7RI
Y. TI7AF v BOFHEN:=40 Y ETHZ—E LR
b5, TI7AF ¥+ EDOFHI A DOBBOFEYTHS I L

ZIT, GBS ADEHOERRE, RIZ7TAD b, BERT I AF v BE2EB3 0101, HOHEKRD
W, o7 IR IDERFEETHS. 7IANEERE] AKESNBOLLBREEEZ SNh3B,
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Fig. 7.

CRES
Table 3

5 10 20 40 80. 150

Ne
®)

HMABEBROKEIET VAT v E

(a) B2 (1) O#Efz, (b) 352 (6) OEFICH
BT B, FIAFYRIET 7 AF v EFECFY=1.0, &
HERE=0.5CHEBLL., =7 —RBHELI4D0
EREOEERZE2RT, SAV &, BERESKEVL
BT 5T AL, )

Sub image size and texture value.

(a) and (b) are corresponded to (1) and (6) in Fig.2
respectively. Texture value is normalized every texture
category as average is equal to 1.0 and standard devia-
tion is equal to 0.5. Error bar shows standard deviation
of the texture value. SAV is not shown in this figure
because of large standard deviation.

BEVSIWVEIN, &7 T ASBE

Number of gray levels N, and interclass variance.

#8K

Fig. 8.

N

ASM

CON

COR

VAR

IDM

SAV

4

8
16,
32
64
128

1.120
1.193
1.487
2.497
2.418
2.644

3.351
3.814
4.237
4.243
4.128
4.128

6.084
3.392
3.608
1.832
2.275
2.110

4.254
2.898
2.286
2.045
2.018
1.911

1.756
1.216
0.715
0.690
0.949
1.536

5.228
3.128
2.555
1.757
2.055
2.011

|dl=1, d DFE=1v -5 —@EHE, N=300.

|d]=1, direction of d is parallel to the radar illumination,

N;=300.

6.

vy 7« v—F Tk

EFEHE 300X300 &7 kN, BEHROBSEZE1IHOES
s, v——BHERARE2REBR, v -5 B
FEBE» SIS TERL TW3LHE 2 MOERKRE
Bxok,

North look radar images.

Number of pixels are 300 by 300. Image numbers are
corresponded to ones in Fig. 1. Radar depression angles
are shown in Table 2. Imaging areas are not the same
as ones in Fig. 2 because radar illumination direction is
inclined 15° to west from north.

L— & — BB - AT O AF vl

FIEE—#BR BT AELY 7 OEG (B2K) kit
Wy 7 QEB (58 K) RIET 2L, v—F—IREFR
DRADFE L > THEVSPRVERDL ZEBbh 5,
Bz E, HEe(6) TR NLHEEFAOMEAE 2 K

6) TRIFEALESNIEZ W, B (6) DEERTIEIL
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Fig. 9.

WEREFTAHLE ELE B S

EREdVY 7« V= —EHROT 7 AF v E
EIMOERE 4SELEEDOT 7 R F v B, E-H
DAXDIFENRBZADB SN TN TROERDT 7 A
FrBEERDLT. |d=1, doFa=1v—5—R&H5HA,
Ne=32, No=300, 77 AF v BT 7 AF v EBICH4
CROBETHEELL 1.

Rock facies and texture value for North look

images.

Each graph shows texture value derived from images
divided into four peaces form image in Fig. 8. Four lines
in each graph represents the texture value of the divided
four image. |d|=1, direction of d is parallel to the radar
illumination, Ny=32, N;=300. Each texture value is
normalized using Table 4, which includes average and
standard deviation of the texture value for West look

images.
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Table 4 Average and standard deviation of the texture value derived
form West look radar images.
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1.92e+01 —8.36e—04 3.35e+05

VAR IDM SAV
7.43e—01  6.50e-+01
1.99e—05 6.19e+03 1.23e—01 5.50e—01
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