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Texture Image Segmentation Model Based on Eigenvalues of Structure Tensor

ZHANG Shan-qing, ZHANG Kun-long
(Institute of Graphics and Image , Hangzhou Dianzi University , Hangzhou , Zhejiang 310018, China )

Abstract: Through the research on the structure tensor and the analysis of the texture image, a scalar texture feature descrip-

tor based on eigenvalues of structure tensor is designed. Embedding the descriptor and the original image into the two-phase fuzzy

region competition model and the CV model respectively, an unsupervised texture image segmentation model which combines texture

with intensity information is given. The Chambolle dual method is adopted in order to minimize the optimum global solution of the

new model. According to the related experiments for natural and synthetic images, the new method has some advantages including

faster convergence speed due to less feature channels and more precise segmentation results.

Key words:

1 5l5

SRR 5 4301 3 S PR 44 4k T AT IR ) — T LA Pk
ERE R R . G sOHLEAT AP R i, HAR
MEL H G — PR RA | A, i TS0 A (S
IRBEAT B ST M LA B 55 30 G 1n) R 58 i — 2034
T EMG A BRI MERE . A AT SO B MG 4 20
X EUR S A TR A . B AT, R BRSO TR %
Jar s T 5 PR JR BB AR L Gabor MBI 123 g 4 ok
#4780 (Structure Tensor) % , He A 25 My s A 1 G 20 B
WA 1 TH, B 13 E G E

SCHR (4] 5007 T 2B A5k i (R Tk ) 1Y)
FEARRME NSRRI A Bfh BOAE E E
S CEEXT R PSS R K R El T e S T A i A A
T EAE T S DB I ) 2 B ASKE I S ) R, A AT T
RN L M i O8R4 v A
AT AT R IO = 6 1) Jm R 45 /) 15 5L L R I & Sk [6, 8
AL ES My sk B 1 =N B AR R — A v T

WeHE H 3. 2012-07-26 3 & 18] H 3 : 2012-11-08; FEAT i - 25 55 4%

structure tensor; texture image segmentation; dual method; fuzzy region competition

— A DU B 1o e SCPRARR AR L b A 3 DX o A 7R
RIS T 3B B8R T SCHR (9] 48 8 T — Ry & Y
SO H T HR S BIEERE S, X — e g
150 535132 B — s B . BT SCHk 6, 8 1 iy ) & 75U 4
JE B2 e DO AR R i 1] A AR DG 1, whBR 5 R TR 2 ) K i
o s E & A S R S — R T A K
FEAEARL A e TR SO AR | 0 A i 15 0 S i A 2
WRE X 35 2 A L0 v R AU e DL gt 2 Y — il
SUHRFIK B4 B4 4 0 S0 80 R G 4 BB ke, —
TR T R, g R T B B 3 e, 5y — 7 T
T2 e 2 (5 B, B SR AT DUHE A B UR
RRBCHTAR TR (14 42 JR B ARG A7, SR T A 5 R 11O
1 Chambolle [ 77 3 12) | 38 3ot o) 445 1 114 552 0000 141 44
BRSNS R T R MR F B —E WA HME,
X0 P MG ) 43 B IS T e PR AN HE A BRI

2 HFERREX
B 2 P AR oK A R A o S0

FEIH - TEPLRRE A BOR WL B 2 BRI R A (B T AR IR S T SR B 5E)



w7 M

5 I« T2 MY SR R AR (E A S0 BE PE 15 70 B Y 1325

PR A |
2.1 k=

WEIRBE TG (x, v) : QR ML Mk it a2 Sk
K« P K*Il,

Jm

Kp * ley Kp * Iy
o K, RIS o BRSO R, * R U T, T
L= 5aod = 51 R A SR G

T8 5 i e R P 3 - 8 5 S B0 R
B AR FESE X T 4 B SOR A KGR . ik, 5 AJEZR
M R T, M Bl 2 v S5 4 3 B 31l
AL B PM 5 R i ) A AR SR AR
%#:ﬁ@(;lvﬂmvELVﬁLl3Q)
Hp o= 170+ 17 I1(x) 12) B0 R %, i F, =
P, Fy= P, Fy= L1, JF LU AW SR X (2) 13 F,,
Fy, Fy, TGRS i -

. (F F
L=\ . (3)
3 2

J,=K,x(vI'VI) =

2.2 GUERIR
ALK i T, RRFEETC R A, Ao, AT &
SC—FR AR e RSO RE R AR T T
1
1+BA)-a)" 4)
Hrp B IR EE MR, = 1.2, R SCH 1. A EWGE I,
1A T — e UL I SCEERRAE T R0 R I PR AL ¢
Z IR b

T(x) =

(@ ®)
Bl SUERHETS LSRN R Bg it
GE—TARERFE—ATHTURE 1T He)

3 EERHESH

BERG I(x,y): Q>R , % C NO E—55 A
2K Q 0, (C BNER) RN Q,(C IANE) T ¢
(x)72 CHAKPFEIEALE C=1{xlo(x)=0}.

3.1 fRBIES
W SCH T iR AT XI5 4 10 ol i g

ET = _ LEQ‘ logp, ( T(x))dx - Jxenz logp,( T(x))dx
(5)

Horr p; SO T A XIS Q; b B RE SR B R eR B, TR i
K& 1 AZ CV B

EI:JG II(x)—cllzdx+J |I(x)—c2|2dx
€0, ,

(6)
Horp o MBI TTEX IR Q, ERSE. Tt e r
— LS AR T HKE T HRES :

&:AJ ds+ (1 - w)E" + wE' (7)
(9]

H X HEE, o FFESE R T HT Z 00
AHEFZM , A3 w =0.01.
3.2 HELHY

AEHE S (7) AR KPR T 08

Eﬁ@U”zAJ%nlvamﬂ)Mx
F(1-w)l-|

| = HCp()) o 7))
€N

x€EN

eQH(go(ac))logpl( T(x))dx

X

+wptafu¢u>mnx)-qu

w ] A H)) () - e ]

(8)
Hr H( (%)) S Heaviside PREL. 3R H(8) 1Y 42 )Ry i
AR B R FHBR AR L0) ) BB A — MR S5 8 2 b
u(x)€[0,1 1840 H(p(x)), W15

E3(u)=)tj o IV u(x)ldx

x

+(1-w)l - Jxeau(x)logpl(T(x))dx
-] a7
+w[J u(x)l[(x)—cllzdx

€N

+ [ (l—u(x))ll(x)—czlzdx]
Jax€N
(9)
SR 14NN S50 47 u(2) & (9) W iE
B WEE ce [0, 1], Atxlu(x) =12 (7)



1326 H +

2 2013 4f:

50X (8) W& Jm B AL . R sR = (9) Al R 38 B s AR
AR, FIA v(x)RIEIT w(x), W= (9) 2R
E,(u,v)=2 Jxen IV u(x)ldx

+2*15JQ (ulx) - v(x))dx

+(1—w)[—J
S = w0 logpa(T(x)) ]
x€0

v(x)logpl( T(x))dx
€cn

+w[Jxeﬂv(x)|[(x) - c,lzdx

+J (1-v(x)) (%) = ¢y 1dx ]
€N

(10)
Hrpw,0€[0,1], 250 0 MR RGN, AT PRI f
e w R v 3P AR S T 02 AT SR A0 2 R 47 3R i =X
(10), B w AR AL T
u(x)=v(x) - A0divP(x)
Hrpit P= (P, P?) R R
vV (0divP(x) —v(x)) = IV (0divP(x) —v(x)) I P(x) =0

(11)

(12)
11 2 (12) A Ak ] el FEAS 2 A 2k AR
P’=0
{P,H_ P+ 65tV (divP" - v/0) (13)

1+ 0t (divP" - v/0) |
Horp oe a2, div W EUERT v Ry
v(x) =maxi{min{u(x) - 0r(x),1},0} (14)
Lrp

r(==0)l = | o (PG | logpa( TG0

x

+w[Jxen 11(x) = ¢, P - JIGQ 11(x) = e, Pdx] - (15)
Jﬂ:ﬁl‘,%%{ Ci5CrsP1sP2 E@E%ﬁf‘j‘j
J w(x)I(x)dx J (1 = w(x))I(x)dx
Q o = fo)
j u(x)dx J (1 - w(x))dx
0 Q

\

(16)

c1 =

| sr6rc) - 1o

jgu<;)d&

Pl(T(x)) =
(17)
| 616 - 1)

| et

po(T(x)) =

Hob 6, A" e g
B B ARE RS AR
(DEEMIGEG u° = T;
(2)EACE FCEL
() FAO) MK T HEH ¢1, ca, p1s pas RIFTEKX

(15) 58 r;
(0) 4 (14) TR v;
(A (13)EH P,IFEA (1) HEH u;
(DA N u-vll o <e MEE(e), BMHE(a);
(e) BB : {xlu(x) =& (AW £=0.5), ifii
ARAFEAL (7)1 42 Jmy dre /Nt

4 FEXE

ALK RS A Win 7 R 1) Matlab7.6.0, 4251
BAABUE R : 0 =0.01,0t =0.01,0 = 1/120,1 = 10~*, B
=5x%x10°.

P 2 25 T FRATT A IR A SRR [ 9 TR 1R f0y 52 0 235 SR
Ebds. BN 2 AT LA ), TG IR AE R B 1 38 2 4 #5k
SR b BB TR (1 3 0 AR B B SR [9 ] A kAR o o
.

S T B A b U R R TR (e R R, FR AT R S
B B R AR KB B AT ) IR 22 R EWAT T &
TR B 1, Hodh iR 22 ORI SCRk (15 ] i
Dice Similarity 2% (DSC) :
1S,N S,
1S, US|
Horpr S, S, 43 AR 2 T 2 F1 3 43 F0 AR 1 4 F) A Al
(ground truth), | + | =R A BY15 K S5 DSC R,
Oy EIBCRAG AT T A, SCHER [8 11 7 I 25 R 5 B B AL 2L
A AR 285 5 5 i HOR T U 4ERRAE 5, 80T s
A7 BsF )RR AR B SR 3 £

M1 G R | B B ARk Bk, B 1T
B[] DA B iR 22 3R AR T — 2 BT AL, 465 72
38 A S B AR I 43 50, FLR S 56 25 51 0L R 3,
Hor & s PR EEOK B Brodatz SUHELZE .

1 HERXREGEITRIEF DSC RETAILLEE

DSC = (18)

images Rk AU | iB17HIE] (s) DSC
CHERL9] 200 17. 444446 0.8860

Cheetah-cubs | SCHK[8] 560 689. 686895 0.9379
B 140 12.997971 0.9574

SCHR 9] 200 69.99716 0.9680

Cheetah SCHER(8] 450 545.103139 0.9267
B 200 68.977041 0.9753

SCHR[9] 140 13.308847 0.9142

Zebral SCHR[8] 170 63.061134 0.9304
B 170 16. 875500 0.9450

k(9] 170 35.952220 0.9329

Zebra2 SCHR[8] 160 122. 588081 0.9446
B AR 150 32. 476457 0.9469

M 3 —FE] & FRATT A AR R A il s BRI 5
BB BSOS, EF X Berkeley EME R (o,
MG BT R IR T 45 21— SR AT (AR, FAR LA 4.



5 I« T2 MY SR R AR (E A S0 BE PE 15 70 B Y 1327

(c) SCHRI914> I 4 SRR
B2 5ICEROMREL N4 B4 R LR

(a) IR (5) B (c) BASE SR T
E3 A RgEE G El




1328 H +

EE ' 2013 4F

5 B4

RSN B gk sk i Ok, Bt T — FloB B9 AR
TS PUREAE 8 38, A LA A AR 0 Sl e A B X3
ST TR CV AR AR 25 T — Bl S AR A4
FRZC R AT (5 73 FI AL AR SCHIR 8 1 Y 248 R Ak 530
TATHAR A W el T Lb SR (9 ] A 2 S 462 280 B
R, e AU T R PR B A A5 2. D 1 3R BURT
T 2 Jog Fre DAL , M T BB AR AT Chambolle PR X
771, IR TR AT 22 R AR B AR SC AT 1R
FE SCH BB 73 B 45 R R A, i T % SRR AL 1Y
PRAELRFE, 2B RS BEAT 1 BRI . (HAR S
PRI R0 MO AR 1 B S AR L, 15 7 ok
— PR

5% Sk

[1] A k Jain, et al. Unsupervised texture segmentation using Gabor
filters[ J] . Pattern Recognition, 1991,24:1167 — 1186.

[2] S Chen,N A Sochen,Y Y Zeevi. Integrated active contours for
texture segmentation[] ].IEEE Transactions on Image Process-
ing,2006,15(6) : 1633 — 1646.

(3] K 70, 55 . 454 Gabor SCRVRHIE ¥ R 81k 2 38 1 /KP4
Gk [T] . B2, 2011,39(7) : 1569 - 1574.

ZHANG Li-he, et al. Localized multi-channel level set segmen-
tation combined with gabor texture feature[ J] . Acta Electronica
Sinica,2011,39(7) : 1569 — 1574. (in Chinese)

[4] J Bigun, G H Granlund, J Wiklund. Multidimensional orienta-
tion estimation with applications to texture analysis and optical
flow[ J]. IEEE Transactions on PatternAnalysis and Machine
Intelligence, 1991, 13(8) : 775 - 790.

[5] T Brox,J Weickert. Nonlinear matrix diffusion for optic flow
estimation [ A ]. Lecture Notes in Computer Science [ C].
Berlin: Springer-Verlag, 2002 . 446 — 453.

M Rousson, T Brox, R Deriche. Active unsupervised texture

—
=)}
[

segmentation on a diffusion based feature space[A] . Proceed-
ings of 2003 IEEE Computer Society Conference on Computer
Vision and Pattern Recognition[ C]. Washington, USA : IEEE
Computer Society,2003.699 — 704 .

(7] BESCHE, 5350 3 T4 Kk B R GOR BT 1A A IR D PR RE
WFFE 0] AL 242, 2011,39(7) : 1556 - 1562.
SHAO Wen-ze, WEI Zhi-hui. Research on filtering behavior of
structure tensor based image modeling approaches[J]. Acta
Electronica Sinica,2011,39(7) : 1556 — 1562. (in Chinese)

[8] T Brox,M Rousson, et al. Color, texture and motion in level set

based segmentation and tracking[ J]. Image and Vision Com-
puting, 2010,28(3) :376 — 390.

[9] N Houhou, J P Thiran. Fast texture segmentation model based
on the shape operator and active contour[ A]. Proceedings of
IEEE Conference on Image Vision and Pattern Recognition
[ C].Washington, USA : IEEE Computer Society,2008.1 - 8.

[10] B Mory, R Ardon. Fuzzy region competition: A convex two-
phase segmentation framework[ A ] . Proceeding of Scale Space
and Variational Methods in Computer Vision [ C]. Berlin:
Springer-Verlag,2007.214 — 226.

(1] XA, 45 BT KL BB BRI = i 4855 2.1 CV
HILY] . HLF2441,2011,39(6) : 1447 - 1451
LIU Yan-jie, et al. KL distance weighted CV model based on
local neighborhood information[ J]. Acta Electronica Sinica,
2011,39(6) : 1447 — 1451 . (in Chinese)

[12] A Chambolle. An algorithm for total variation minimiz-ation
and applications[ J] . Journal of Mathematical Imaging and Vi-
sion,2004,20(1) :89 - 97.

[13] P Perona, J Malik. Scale space and edge detection using

anisotropic diffusion[ J]. IEEE Transactions on Pattern Anal-
ysis and Machine Intelligence, 1990,12:629 - 639.

[14] X Bresson, E Selim, et al.Fast global minimization of the ac-
tive contour/snake model[ J] . Journal of Mathematical Imag-
ing and Vision,2007,28(2):151 - 167.

[15] H Chuanjiang, W Yan, C Qiang. Active contours driven by
weighted region-scalable fitting energy based on local entropy
[J]. Signal Processing,2012,92(2) :587 — 600.

EEEN

SREE 55,1971 4F 1 7 AR, WEg O I
N BUNBN BT RHER A R A= AL A S0l
R R AL B AR T TR BT 5
TAE.
E-mail : zhangsq71 @ 126. com

IR 40,1987 4F 1 A, INVEIZ A
BT o F RO B L R0 A, E BN AL
F MG AL A7 T RIWFE TAE
E-mail : k17753261 @ 126 . com



