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PHEANEHMBE SRV B, SORMTN R MBI T, SORRHE N AR
RBREORI & RIEFHE, SORRFER RN RS G R R Z RIS RE) L8R
B, BT LR, ASCE AR T 5 AR RSS2 B A — BN JH ORI SO S R AE R
RBRAE R — SORRME, ARG R T SRR T 4% M & J B /DN 2 RUBE 70 i 3
i, H B RMIFEIT — MR TSR IR 2 RELSCR 0k, iR 2
FHMAHAMG A HRE, RRT -ENERUESEFHEMR G Ik, AT IAESER
ORI 2 REFHE, SREKLCRR R 8 AR HERAFNE B BN FTT
HERET RiFig.

) BI5GB TR IS R R —— SO R 2

BEBEEREEELD, WRBTERGEMLBURMIRG, HAETNRESTER
B i —— JF b T (texton SAUFREE ), L UKE i X SUH8 B T 40 B8 3 S 45 AE L B Xt
SRR EISIRD. Julesz AT 3 KM T T RIKMEA, BERAEEHA,

MR REORHTRBL, TR A RO SO R TR R 3 —— SO AT A%
REXREER, X -CURKI RN AR S Rr A K80 R T, 5 AKEHEN
LPRARAPLEM 3. — 4k (2D ) Gabor £ ERA 2 LGN RAHEEE,

2.1 2D Gabor B HEFEHFHARRE BREFNRT

EX: 2D Gabor BEE— MK A, RESHe, £H#5 x Bl o AR S
BB EREZM K., H—REXERRN
Gx,y)=g(x", yexp[2mj (uy x+ 1)) (1)
Hed (x Ly )=(xcosp+ysing , — xsing +ycose ) NEEFE G ALFR

1 _ (x/A)+y?
2zAg? exp[ 203 :|

M =1, Mg (x,y)RXHRMALIEE o ATH.

2D Gabor BREER M 7/ T2 MIRA Fourier B2 MIMEK &5 5 %, AHXT T 4k
7S [ BB R MR, AR TR 2B, SRR/ NATE N R R
WEE A RS RN B, SER, i EEE, A RRER RER, FEd A e R
REXESHEMARLR Y,

OEYEY W EEERR LR o) WA R R ENLE R BE(97% ) $
M, A AmRE, 2D RZEWE T 2D Gabor B AR EUREF RN, B ]
B3 MXHEEMBIF. 2D Gabor sREUR R BN K 287 B ) & B,

{E40] 2D 87 LLET 2D Gabor EA SRR, LM BEERR. TREH,
Gabor R A AR S Bt 7, 3 AP RSl sAE TR BRERF Y
Krose UFH¥5006 AR R, Gabor £EH BRI il A RUMMRIE I T
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JRERE SOREEH (FFAE, SUENS ) AR R Y QOB R AE (AN 1) S0 K B 1 RO 3R )
ZERFE, RBRSEEIRFIE R A ERRAL, I 6155 8] — SR G 0 R EK.

K1 2D Gabor BREUEIF AR T HLEL 2 & S A
RRZE (L “HERE,; 42D Gabor BE¥; T : “#3* [HDaugman/ 1988)
Fig. 1 2D Gabor function gives a good description for 2D receptive field profiles

encounted experimentally in cortical simple cells

2.2 WRLEHERNE

" ERERH, 2D Gabor RBAI{E N RAFMI S LR IR E, TRV M IEH AR
R FHRE, %R A0 SO R TR MG E R A St R IR R B 4, 3R
MOBY Y WA 2 R B8 SR FiREe EM R, T EA A CiE
R SO RRIE A T 2% PR X

BT AR R R R R SO B G (SR AT ) 4 A BRI (SR 48 ) el o
A H2D Gabor RE(1)RA R R(BHI), HAMK 2D Gabor RH(1) X HEEK
Wi 2% (textural detector).

SOERMZBR S BN EREN % FRH#FTY,

B=1log,[(1+0.1874 /6 f,) /(1~0.1874 /af, )] (2)

H B R R F5HR), o IEHRERT, Jo=Juir o2 HPOERE,
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HEIRB AR, HIXEOEE RN DT,

1) KR, BRUFNEERSTE . RUMARHEKFELHRIL. 1994



44 OB & & £11E
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FICRA—ERAEBA TN ESEEINTEY, hEREHE, TR TILAHEE
MBRAR GBS R R y,,, FRABS R0, o, IR EHEKe,, ¢,. BATER
B MBRS RN ERNAARR, REENTHBEER M RABR T o-e ERR
HAHXAE, BEEKSR S LAMER RS ERATRBARIT TR, 0.
FAERFEA T ARERN S RMAG], Kl o e FAMYHELHESHTHER
R4 KB B X 5.
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K (7)., (8), (9)h, 84rHEL0°, 90°, 45°,
SRR, (LLABCERI AR BB S ) EEE N S RES R ECh .
BB A /N '

xX2/A+ y?

¥ (x ,y,0)=exp<— ¥ +j27rf(xcosB—ysin0)> (10)
Ell
¥l(x ,y,0)=exp<- x/;ajy ) cos (27zf(xcos()—y sinf)) SE# (11)
Yi(x,y ,0)=exp<— Li‘j:y—) sin (27nf(x cosf—ysin6)) B  (12)
o/ |
W(X=x,» ¥ =¥y 0)=a"‘|//‘< x;xf’ , y;yf’ ,0> (13)
Vilx—xo» y—yo> g)za"|//2< x;xo ’ y;yo ’0> (14)
B _
|//ai,(x—m,y—n,0)=a‘f|p’< x;-m ) ya]n ,0> (15)

H¥aeR, 0€[0.n], m.n,jez(#H), i=1,2.
EEE /MBI AT H RHALE B Ba/MNE R B ER B B DR RY .

3.2 NETREZSRES R
Ba=2 , H/PEBHEXTBOEER f(x,p)E 0 i LR REE
Wiif (8,x, ,y0)=Jff (x yWiilx—xy,y—y,»0)dxdy (j=1,2) (16)
IMBEIERRAEZR Mallat B4 HESRERE, CHES IR REREE L8
AFMATES, WA 3 PR, X —ERER/NERECN EL/NE.

3.3 BAQEMSITH

HA QA E R — 2 Dy 1r (HHEE)
HRRIE R EERE, WTHUAMEE. R, —y jf Wy f GERLES )
W, BT,

B3 Mallat MEAHEE B

3.4 z
IR LA E Fig.3 Mallat wavelet decomposition algorithm
BUAE& 4k N (1) =tanh (az) PR EEE B
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AU BEF D ay (x ,p)NHET, BRE TR ELE AL R
THRREA SR FIEA LA % SR G .

3.5 SIEESSETEm

BUR AL 3G A B A SR ARIETE n x n B O TSGR B 9T 2 (4 E.
8 EAGAGTE (Y%, WA SRS SESE, HFEHFEC S Laws Bk,
FHBNRELCRNTPREGLER. 55, ETBURID %, SR EFME SR
fit. '
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SEERAEES B A REE(om) S, bmAESHEER H £x, E3H
ARGSHEE D=T+1-H, T RHHRIPEE. .

XMTFIERNE, % F, Flandrin 22380 ) E—HERFET, bm
INEERFPTFEA QA RBRSIFE 2 DTRdRE

E[P?’zJ(n)sz(m)]=£22—{—f rw[t—(n—m)]lrlz”dt} A (18)

Hrp
ﬁ/zf(n)=(2f)_<H+7) wyi(n), .r,(1)=4,(1,1),
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A4,(a.t)=2 J !/;(T)!/I (2t—1)dt

W, (n) R 2 R HNEEEERS, ¥ (1) BN
B, % RESRAMTHE T TS A
j‘j‘ﬂ:‘—: ;EE(18)J_£EP9 m n=m, E
Voo (W 13 ()= 2=V, (H) @012 C.(20) ! (19)

+aoc

K vV, (W, in))=EWu(n)W,i(n)) Vw(H)=—J ro (H)ltP*ds
X9 R B, BEARRE2 HE/MNEMEREN T E W, (n), TEH
RQ7,log,(V,,(W,i(n)))), B/M_FEIAE H, REHAB4EHE,

FET: EO8)RH, Bn=m, EXE5RERXNET>HEMA:
D(2’ )=]0g2{Va,(Wzl“(n))}_Ing{Va,(sz(n))}
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B e FEE, LHMEEMNEE, SRERFHAMASIERES IR,
5.1 EHHY

5.1.1 BEMZEIZSFELY
PR B EH, FRBERENE, I EEILH AW W Hi( Lateral inhibi -
tion) ZNRE 1", RAFFERI M IEL MM BRI L, B
Y, (s,0)— GHERE, FF ok, —MBRITEME S=(x,y) SR,
1.(s,0)—— UURTEEL B Z oS A EmA (B2 RESI &S BT
2%);
N,—— S =(x,y)HaEpas [P,
RE i ERBHERZERHATTRRANCIBEHE, BETRI):
AX(s,0)=—a,, X(s,0)+1(s,0) ) b,, Y(s'.0) (20)

,
s'ENg

Y(,0)=g[ X(5.0)] (21)

LR, . b ABRUE, g BARREBAER K E¥. HIn:

1
l+exp(—px)

g(x)=

5.1.2 A—ERFRAAENSSHY
TER— (0B 5= (x.p)4b, WA FET 1 6 BT ZRME, MBSO’ (8 X0)
MR TTREME M FRATO MR ), RQDRMBE Y (5,0 ENBA, H5
I(s,0)=Y(s,0), HEHMERN ¥ (s.0), WHNTF(20)R, X—dBERNY:
AX(s,0)=—a, (X (s,0)+1(5,0)=) by, Y(s,0") (22)

Y(s,9)=g[.X(s,0)] (23)

5.1.3 BBREZSHY

FARFRIE AR 740 MY o o 400 0 45 4
(end-inhibition property). X4 HITE
ENHRZE RN/ M Z & B,
B & 2 /31 % 89 < B 386, v 7 0, 55 0
X L0 i XoF R R 7 2% B s A s i R
BEFFEENEMR. B4 3N HRER

AEN

W) 7 41 9 £ R
RS E

) BRI 043
" Kl (R )

BTN SRR, KSR B T
A9 b 3 AR 28 B A By MR 2 BT 4R

¢, [t ¢ iz Bk B B/MEZ B4 iR

a MBS T XEHIZ, dfic 2 B4 R K HATE
Mismm e, #5522 FEXMAHE Fig .4 Interscale interactions

M. HPRITcRRBE R, WRA 0, (x.y.0) RAXHMN— 41 c EME
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(x.p)ib, BZRABAARGEE M (RE« >0 YT 0 BBAJGRSH, 1
REBNE S HAERR

Qu(xdu9)=g(mlixnyﬁ)—dzh(yy,en (24)

5.2 S%ms

ARG ZAEMMRMB MG ZE, SR2RA ZENEA, LR
B, WRAZ,(s,0)R-X—IBOBE, WATERRA:

Z,(s,0)=g<fd,(s— s,0)Y,(s".0)+Q,,(s.0 ’))ds’ (25)

Hid, (s.0)R%E 2, (5,0 )WRZE, HE
d(s=(x,y),0)=exp(—(20°)""[ 12 (xcosf+ ysind)’+ ( — xsinf+ ycosh )* 1)
0 HETTEITIE, 0 " HEET 0 M, 4 B R,

6 KBS

MF—REEEER, KRHE 2 R RELGEMTRE, HEEE NSk
BHERNS AR, THXNSCRESNS SR, —MRidE, NS R R %R
(6),(7),(8), )X, MBELMEOER SxSKRIx 74 E, FHE 3 FrRINEH B
BOEITESTE x .y, xy 3NF R EHER(16) #1708, BAMMA. RI\. EH. o
RS RREALZCRAAE, #(17)RBTIERELE, HBERLEBFLEE nxn(n=13
B S)EH O TRAZRBEH T EOMHE, KIF)RRAZTFRIEA PBE)INER
YERECERE . SCRRAERIRES R (20)~ (25)R 1T, R-EJERISUHEFE ] # AL
HELZMANSoRNER, BTSERBNE—HERERSHER, RILYAEELRN
DENRETERXRANSE, EEEXBETHERBERBELHAMNXBE L0 5
Y, FERBOE, X—-ZRESGEMTP, FEHELEMNEERAH N TRBRKE
WOHT S, BARSCEAHMEWR AT RETRER, RREARNHT. T RABRERE
PHEEZRPRISGE, XENAETRAKIRIE R,

KHE S Fin 8 BELANRBRER. X8 REREREF FBASLHEH &b
KA, HBAARRELLRM Y R, M Brodatz' ?! UL EAMKE, T2
SHEFER 300dpl, BRA/NMK256x S12 8K, B—HA/NN128x 128 R K.

RER AW TR

(DEHERTREEERE | EXNELELESHER, HRHREFEY 300dpl.

(2) MEIBABEOBY Sx S, HMERFESEAE. RIS, MBEEI<THOTH
Y772 SDV fEREALORAHE. 7EERM F, #F— SR EMBRIEE ISx 1580
TRAGKEBWYTE, MEEEIxTEHOTHYTEE ISx 15 8O FEO%K TR

1) fKGW, BREFEMEERM IR, RINMLBERFE LT 1994 .



LR MBS RROBNGEREIMNT 9

[ fE B ORAE, 218 15155DV, Bk SDV FIEMRAY SDV $5E.
(3) EM10)— (12)X R R/ DK HRERETRRE, HIE x .y, xp ZDH
B TR, FEHE B=1.5 BB, B®1.75, RFa= 2/ (j HEH).

Hs sWitRER
Fig.5 8 experiment images. from left to right, top to bottom

MEBRALBITREY: T 7% B8 ¥% ME EE K A4

Bo Rie 2 L5raesp M7 RIEE2 LopXeER
Fig.6 Classified result in scale 2° Fig.7 Classified result in scale 2'

B RE 20 Lo2MEFH
Table 1| Classified accuracy in scale 2°

» 3]

= 3 % R i vt e 14 K% A A"

M
Hig 53.1 10.2 0.8 0.0 4.1 29.9 1.3 0.7
g 6.7 £0.2 2.0 0.0 1.2 6.7 1.3 1.9
43 13.1 49.9 29.1 0.0 2.5 2.5 0.2 2.8
o 53 0.0 0.9 0.0 89.3 7.5 0.4 0.0 1.9
i 9.8 6.3 1.5 0.8 59.6 215 0.0 0.4
KA 8.7 3.1 .0l 0.0 5.8 81.7 0.5 0.0
i ¢ 1.6 11.9 0.0 0.0 0.0 0.0 86.2 0.1
KL 0.3 5.0 0.0 0.0 3.5 4.7 0.0 86.5

FEIRIE 70.7%
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Table 2 Classified accuracy in scale 2'

i 18 3 i *E W 4 K KE

71.5 15.1 0.3 0.0 - 45 8.6 0.0 0.0
Eax:i3 3.7 86.9 3.1 0.0 0.0 6.2 0.0 0.0
i 3.8 16.5 74.1 0.0 0.0 2.2 0.3 3.1
*% 0.0 0.0 0.1 92.7 5.3 1.9 0.0 0.0
V454 7.6 0.0 0.2 0.0 90.1 1.9 0.0 0.3
B 2.8 4.2 0.7 0.0 0.0 92.1 0.1 0.0
* 0.3 3.0 0.8 0.0 0.0 0.7 95.2 0.0
A 0.0 0.2 0.1 0.3 6.4 0.0 1.5 91.4

T 86.8%

%£3 Laws QEIESEAR (Sx SWH, REE 15x 15 FIHHEHITE)
Table 3 Classified accuracy by Laws texture energy

5 FRAE )

» JE% ESLS RSRS ESSS L5S5 oA

51
B 31.8 23.4 0.0 17.7 27.6
%3 . 15.3 52.6 0.0 26.8 67.5
bagy: 30.6 21.8 82.6 16.5 26.5
*E 70.5 68.1 29.8 88.9 83.5
BE 0.9 0.6 6.6 50.4 50.1
EE 67.5 23.4 55.1 7.9 92.2
i 3 65.6 35.5 © 0.0 82.7 92.3
REL 23.7 30.6 84.6 9.4 77.1
-3 38.2 32.0 32.3 37.5 64.6

M6, 7, 1, X2ADHAMBRE 20, 2" LHELME SDV, x,y,xy 45
MR 1515SDV , LK y FiiReE SDV 45iE, RABFMMEER S KEBERE 2°,
2" FiRBIMAE R, TERE 29 LHRIDEE N 71%, M 2" XA 87%. (ERE
20 ERRAT A A E IR A SR X, XANE R 20 &G &R SRR
fE, AETFRERFYTOEMIEEFEEN. SBRE - SREAXHERIL,
HER R BB SR R E R,

HiR g BB ZRESER/Mal EBEIGEE O 5Sx 5 (3 7x 1) HETERESHE,
FFEE SRS TE nx n (n=13 8 15) 8 0 FRAGKRSH I ZE SR
. JoE, 1515SDV AlfE R IE% A A SCRAFIE, REW & AW B MR & UM X I,
Xt TF#8 SDV 4#-F, FEERBERK, £ 7x7HL THEEARN SDV mE&5E
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w4 HEBEFHIERR (FHOUIx 1, BEHA=18%K)

Table 4 Classified accuracy by Cooccurrace method

R ] % a5 il hEA
i 31.9 13.7 18.1 7.5 1.2 34.4
T4 5.9 4.6 3.3 25.4 34.9 47.7
Ui 10.3 17.8 2.9 26.2 12.2 17.7
*E 76.0 85.7 73.7 82.0 90.2 87.6
BE 11.0 21.1 8.2 33.1 38.5 48.3
E¥ 14.7 1.5 st4 1.4 8.3 58.4
XK 50.8 59.3 10.6 71.6 27.2 64.5
PN 12.3 26.8 20.8 25.4 - 1.7 63.2
iy 26.2 28.8 23.6 34.] 29.3 52.2

BRI RN, BUCRERSORRRE.,

MTREPSPHLUEE, KNEHEEILFTFHSE 5, Eil R ERKEG 2
WA RERERESEFTERITE RN, '

AT SR EEERSFT R, EBREABRS LA ERE RN Laws SUHE
BEHTIRK, Laws SUHREREEM Laws A VBB AB W 5x 5 B 2% ESLS,
RSRS, ESSS, LSSS, % 3.% 4 HRAMBHBBIEEN S KIRHKER., WTUENL,
SHARE R, Laws SCRREREMIRFEEY 65%, MEFEFENTHIEEN 2%, 5
AR B FERRIERE 87% M, ERESFEMRIEES NIRRT 22%
35%, MIHEEA T 407 Bk A 2.

7 G

(1) B8R M SREARKERIFL, MEEMMTRE ML RRK T, &
R E RSB SR SR A B A EEAER.

(2) 2D Gabor REENLERKIAE, REAYCLHRELRAEFR, FALEY
B AP0 A B2 A B S A A S (R A AR B MR

(3) AXRBNERELE M, E TSRS /IIE RESHEE, 2
E ORI, BECRER AT R RE LRARER. 70 T 2 E A
i RIS RR Z I A R OB R A T — R ERITRES, RS R T ARFR
FERSEE RIS RAE N L EERICH B, AHTRBENTTH BRI ERR
B Rt ‘

(4) BFALRHZNHRROGEEREIN, BABOE s+ 7 A b B
ZEHE, Aeett, AREEMRET LM, FRIARIRER 4L,

(5) AHITEREM, EBRVBRED S xSHTx 7 HITERESHE, BOLE
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ALFRFHEE 13x 138 15 15 @0 FRAZREN T Z 8 F BN RE NS
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()L RERMEFIBETURN, AXRRHERESTTEABBRTHE
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A Multiscale Analysis Method of Image Texture

Zhang Jixian
(Huazhong University. of Science and Technology)

Li Deren
(Wuhan Technical University of Surveying and Mapping)

Abstract It is important to consider the role of scale for texture analysis. In this pa-
per, a texture detector based on 2D Gabor function and visual textural perception is es-
tablished first, then based on the texture detector and wavelet theory of multiscale
decomposition, a multiscale texture analysis method is proposed, and techniques for
multiscale texture feafure fusion are advanced according to the lateral inhibition and
end-inhibition in neurodynamics. The multiscale texture analysis techniques give repre-
sentations between spatial space and Fourier space, and provide a hierarchical e{nalysis
frame for image fexture. They can detect different scale textural features, corresponds
to the visual texture perception, and have the ability to recognize texture
image effectively.

Key words Texture, Texture analysis, Multiscale, Wavelet, 2D Gabor function,
Feature fusion



