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Image Segmentation Based on Second Generation Bandelets-domain Hidden Markov Tree Model
XIANG Hai-lin' JIA Jian® JTAO Li-cheng'
(Institution of electronic engeering, Xidian University, Xi’an 710071, China)!

(Department of Mathematics, Northwest University, Xi’an 710069, China)?

Abstract Based on wavelet-domain hidden markov tree model and the characters of second generation bandelet coeffi-
cients,a new supervised bandelets-domain hidden markov tree model algorithm for image segmentation was presented.
The algorithm was intended to improve the performance of segmentation by the use of the characters of bandelets with
geometric orthogonal filters. In experiments, Synthetic mosaic image, aerial image and SAR image were selected to evalu-
ate the performance of the method, and the segmentation results were compared with wavelet domain HMTseg me-

thod. For synthetic mosaic texture image, miss-classed probability was given as the evaluation of segmentation results.

Experiment results show that the method has lower missed classed probability and better performance.

Keywords Image segmentation, Bandelets, Hidden Markov tree model, Multiscale

1 5

Crouse % A3 H B /MB ISR T /R 7] R WA AY Ly 3 42 T
oSBT /NE R BUE RO R B2 s R TR S R
Ffh T R B 4338 Choi 48 A A X S AL 147 AR 43
B TR RRRDY . BR/NEAE R TR FURDREE
F AR /DB A B O B R R B AR B, R HMIT i
RS B HERE LA™ B i F/ANE & SR R
B A5 RECR B AL R, 3 B GOR A 5 09 R %, /NI R A
ERE . EREERT, /NS RREF 2R B A &
B W LTARIE , AR R T b i B P mh &= B,
BHFEAFT BN . X7 HRX — 8 R, e 4 F A B
JUTRE  AMTER BN RBAME T —RIM R DR,
40 Duncan D #1 Minh N. Do 7£ contourlet ZF# 3 (N ¥ T B
FIBEEWE B0 W ke B R AR A RY, 78 B R £ R A
BB E 3T TR AP, B. S Raghavendra i P. Subba-
nna Bhat W 7E contourlet 3N 7 T HMM-HMT #& 8 % £
AT 7 E™ . Contourlet 38 HMT A% &I 7E 8 B ER 438
WEARIFR RS . NP E AR R AT UER, ZR

o

FIFE B 1 2008-03-24

A BT, BRFT I 0 BRI S AL HE

L] 218 .

AT ER A RPLEEES (No. 60372050) ¥ B,
WiH b BT o B MR 4 HE , E-mail . xhl_7048@163. com; B

FE AR B e Bt T JR T SR AR A R BB A A R R AR S I R e R
FE R RE IR R A ST AR A M, B — R BT AR A e it
B G ERA 5iR S,

Erwan Le Pennec Ml Stéphane Mallat # 1 #) bandelets
HAL—Fh RS B R UMEEARE M AR . X AR R
B (R I XK (R, BB o R it A EL A RO
BB IR, AR bandelets BB —NIERZXZREE
WD R RS curvelet HEZEFIEE —4L bandelets 7
[, REZRSEBBUSAMENERE. Hik, BRLREM
TR HFES . Contourlet hR2H— L REREIEFHM—1
F R AR LR RN RE, HESE G KL
YEYEME R . B AR bandelets FEME — PR BERBRREL
R LA iethad, 2 oA %S 3L AT 2 7m 1 JUARI R 1 2 B A58 1T
89, Bk, —4R bandelets j& ¥ 7 4% & iF. M o6 %, X 5 Con-
tourlet Rl . A XPTHIEEHIE B, B7E 1€ bandelets ZF #e 15,
i HMT R, & B AEFI A bandelets 3853 3K 18 B & T 1y
BHAREER, BE AR /RO R R BEA R R R
R R R AIT A ST AR R PR B RE ) B B R 4 B 1
fE. LRGERIRWH, R REAZRIFH EE BRI L

8 YPw, B PR e G BGUIRE R BB



W — B, B ATRAE R .
2 Z{& Bandelets iif 5 BHMT {58!

2.1 Z—{& Bandelets iEif

Bandelets 3 pFi 3K B % 14 2L Bl R 00 JL SR . =K
Bandelets % pR$UR 58 2 B BUMIE A2 09, 7T LU 1 B 8/ ik &
PATITE . Mrt ik BL B SR BT, B N AR AT I A 43
(LB D, @ EREA/NE RS, BRI ER S
B A LA A L AR IE S Bl /MR RR T, B X )
AT HORALA B, BT 78 B bandelets &, 53X th 2 “H R &
FHIFKE.

B 1 Bandelets ZE#e B U G50 . 22 B A4 310 R B K/ ik
Al — T 1) bandelets [ XA 25

FX e H BT IE R £ REZ R, R RBE G ML
E AR LA E {5 8 . Bandelets 45t £ % 1IE 38 /Mg REGH
FIER LA . B, 302 55 A/ uk i 28 41 #1711
B REEATELEREENTE. 8N FmEars
AR, R8T — M REEE R RIS
H, RIMEBEREXE G A ERMWARAE B H e FHTR/
%[9,10] R

XFF—A CoJLfHLIE R EL £ 4128 bandelets 3 3R ¥ 2
WRERMIMBART L, R, BHFHT T R/MLETIH,
BB 4., B TFiX 2 bandelets A HA R FH AW fr BT
M RLERZE W R AR | f— fr | 2<Clog" (R)R™*, TiX{F
AN E R AR SRR S U FEAR R B SR R, Bt B AR 22, (U
BAR: || f—fr | 2<XCR og(R¥1, FHith, W& B A
& bandelets FEH M R EML TP R,
2.2 BHMT #&3&!
AN HMT AR A S R B R R £ RE R A
M BB TR AR R BRI, B A 2
N RPN B A G iR, B3 5T bandelets 38 2 $i4 Ai
AUEBLTEEBNREN 3AFH, ARG EARBRIE,
K R B FE = BT 0 RRAE , InE 2 PR .

35 - 18000
3 16000

140007
12000

10000}
s 8000°
6000+
4000
2000

. o 0
A5 -1 05 0 05 1 1S 2 25 05040340201 € 01020304 a3 03 01 0 01 02 03

B 2 brodatz ZLFE wood (512 x 512) 55—
18] | bandelets B HE HHE

W 3 AFHY

5/NEZBAHIE , bandelets ZEAEFNRE E44K 34
IR B FH  FL ) RUBE IR A9 A2 F 2R 50, il st PR o 1 S A 4t
HIEE NGETT I M BERE AR LA ISt . B, 3R
112 B/NEEBR DR, #38 — 4K bandelets 35§ & b B R
(BHMDY, #58, F—FRRA B A B AR & R ALK

FEARLA B — bandelets REUHISMAD ML P I BRR TS R RAE
RANE AR T RS 2R S=m (m=0,1), 45l
xF RLE AR B RN KBRS TR 4 5 bandelets &
3 B MBRA RS B R (pdD) F(O) BT AR R N«

Ss®= 3 ps(m) fy15(b|S=m) ¢
He, ps (O +ps (D=1, fo15(b| S=m)FR BAATRE S=
m B SRR R RS S=m 6, KA ABIME,
FER & MBS -

Fols (] S=m) ——Z—exp o2 = g(5,0,4%) @
v 27d% 232

08 0.8 08

0.7 fibls=1) 1 07 fibls=0) { 0.7 fib)

06 + 0.6 g 0.6

05 g 0.5 q 0.5

04 R 0.4 < 04

03 {1 o3 1 03

02 { 02 { 02

01 1 et 4 o1 4
ol - 0 0
-10 0 10 -10 Q 10 -10 0 10

B3 “REEWRESEMTER

RIS A R B bandelets ZER S HMT #RIAH
T g O S 5 R I Y 4 BT

B4 /RS

HHhRBANERE B ARAREBRE S, REZ BB EE
AHMREBRSE, 8MYAF4NMFISBENFY
IS A ER B AL SR A A DL RS T A AR S AR
REE . MMM —8ES HMT BRASHSHE .

DPs; (m): R s MBEFEBE (pmf),m=
{0,1};

e = Psi |50 (Si=m | S =r): BEXRERE

S A FRECRE S hm MR, m,r€ {0,1}35i€ (1,2,
-, PY RN ERRI X # L R BB

Dptim Mol T HIRFREBR I m 0, AR W, HHE
MK,

BLEENSPAEGE—E, -1 S8 HE 0 k&R,
Hp

O={Ps, (m) el s ftim s05m | =125, Pym,r=0,1}

Xt F R Z 8, 7] K B EM (Expectation-Maximization)
Bkt

3 ET BHMT ERFE &S =

3.1 ET BHMT #&EHS 5
KM TR EUME S HMT #% RE 58], 248 bandelets
BT R B SUR G5 5 B R 2 R 4 3R O U
HWEEER— SR XR, 8MERR L 5FH L F
T b AR SR T SR,
« 219 -



D D [ i ol
. ogoo nmaE iR
D O000 === ARsREEREs

0Oo0oO EEELEEE T

b4

scale =0 scale =1 scale =2 scale =J

El5 ERERESERRESH
R A T 84 )RR 840 SR/ Nl R R TE T FE 8k

El6  E{ESEI I U R EE
REj—1 EREF R 45 ERE j EARBMAFH

BB A R EMSEH: 7T LU IR bandelets ZB4 1) 3 1
THERECZ B E IS I AREE § BRI 4, AREE
HR R REER A A IR

fld: | MO=TLf (T | &) &)

M, B c KN ER A XA B BHMT BAEI S HE, H
FE - SHEAESNIRE FIRESEBERE B E
i VAT TT 220G B s B @={ Ps (m) s€0'3%i> s ptim 305m 1 o FRIEL
BRC2]. e R « ERE ) LREIGREd, MR8 £
(d; IMO BRI o BV R BUR A 28 07 ik

?M":argfnaxf(dl | M) (4)

X2 G B0 43 1 L SR A SCRR L2 ) B R R iR &
BERY A0 5 1 o 50 AT LA ot A 7 PR R B 4R 3K E LT TR o
A, EGAT LE O — D R R S AR R A EM Bk
EIRYECE i 2 8
3.2 BEFLTXXZHMREGRE

FRARLROBE B 501, S48 40 RUBE 9 2 1) o mT Al /D RO
R X rRiIRE . BadERRERK A EERY R
HE ISR AT B4 » B — P (R SR B0 43 B 2 90 T 2 2 T 5K

e = argmax f(d] |c)Xp(c|v) (5

AXFH o B ETFIORR. AR AR 5K
ETFXRFREFRERPBES . B ETXRRER o
AP TIEH A  SCR R (TR A EH EE /A M E 5K
BRARGRE 8 NEREGHFUE , HEAT RSB R IE,
EPCRRBMERES  TERE T BRI B p(d |
oDWBLAT LA R E . BE p(d oD WEBEFEEIRE EM
B MAMRRER f(d [ DERSESRPELE
2, H, R3ER ) 9 AT R A8 E 5 BT R 121

4 TRER5SW

#HF BHMTseg B3, 430X} Brodzt S0HLFE H 9 & LA
HEGHTIAE., B 723038 RE NER A SR
JEE WHMT 48145 B A BHMT 4812 8. N EEE
Db2 8 3 243 % . Bandelet Zth g Db2 318, K 3 2
Srfg, BRI —1L 5 . 4 f B 0H 47 BIE AR 0. 9,0. 35,0, 105,
JREIR/NA 128 X128, YI 2R R ) SR E K /N R 64X 64, 43
FIGERIE 7 B

e 220

W7 EIRCRE
MBI 5)  FE , WHMT, BHMT

Bl 7 B BHMT 2y &It , 7 5 O R S tE 2 47 T WH-
MT, 585y B B E T IEP LSRN % . FRUESH
AR B ITER bR, Xof 4 B4 RAT OB SRR E X
KA EIERPEIME R ABEMERNEE SR A,

F 1 SEIERESRILE

Hax K1 B 2 B3
BHMT 1.05 4.10 5. 28
WHMT 3.37 7. 60 10. 61

(c) bandelet

(b) wavelet

(a) Sar image

(d) Sar image (e) wavelet

(g) Aerial photo {h) wavi

B8 AERMIIER

MK 1 LU 3 TR a B , A S5 B 7
BB, P HIE R A . BT SRR E R AT LRI, A3
H 5 WHMT ML, #28 YI A AR 18 B AL, XA
RIERE L BB, IR HE AR Y, XM FIRE 2 H LI,
BHMT & AJ LA 3 6 45 A ) 14 B34 » S5 B [ 12 19 23 31
HA—-ERREE. HHEER DR, BE /BT 255
RO AKR, FtE— P Ul B R M HERE, AT AR
EEXT SCRRL6 I BT B =S B R 0 SAR B 8347 17 dl. A
SrEMPLREBORE A SCH R A B EINE W AT 4 RE T &
ZHHEMITELR .



HRIFE ACRET —FET M bandelets K BH-
MT ZRERGSFIE S, XFEEF A T A bandelets &
e U A R R AR A 3R P RS SRR [6) RBE 18] R 3
XRBATEME., XL RE Ba HE FR R A S B R E L
1,988 T LR BN EISR., AXELIFREHELR
F WHMT &%, X & [H 2 bandelets 43-% it 7 BT 7 I (6] 8¢
K, iR YN A R AR R AT 4 E BT e [ 5 WHMT
BHLL

2 % x W

[1] Crouse M S,Nowak R D, Baraniuk R G. Wavelet based statisti-
cal signal processing using hidden Markov models{J]. IEEE
Transaction on Signal Process, 1998,46(4) ;: 886-902

[2] Chot H , Baraniuk R G . Multiscale image segmentation using
wavelet domain hidden Markov models{ J]. IEEE Transactions
on Image Processing, 2001,10(9):1309-1321

[3] Fan G L,Xia X G. A joint multicontext and multiscale approach
to Bayesian image segmentation] ] ]. IEEE Transactions on Geo-
sciences and Remote Sensing,2001,39(12):2680-2688

[4] Sun Qiang, Gou Shui ping, Jiao Li cheng. A new approach to

unsupervised image segmentation based on wavelet domain hi-

dden Markov tree models[ C] // ICIAR2004. Portugal; Porto,
2004:41-48

[5] PoDD-Y,Do M N. Directional Multiscale Modeling of Images
using the Contourlet Transform[]] // Statistical Signal Proce-
ssing, 2003 IEEE Workshop on. 2003:262-265

[6] Raghavendra B S, Bhat P*S. Contourlet Based Multiresolution
Texture Segmentation Using Contextual Hidden Markov Mo-
dels // CIT 2004, 1.NCS 3356. Springer-Verlag Berlin Heidelberg
2004. 2004 .336-343

(7] fEZEm =il BGEREILE S8 BB RE. & FEiH,
2003,31(12A):43-50

(8] WFiE, MM, #DiR. 55 T Contourlet 3, HMT # R £ R
EHR A E. L5 52K FH, 2005, 24(6)

[97 Pennec E L,Mallat S. Sparse Geometric Image Representations
with Bandelets. IEEE Transactions on Images Processing, 2005,
144

[107 Gabriel Peyr'e, St'ephane Mallat, Discrete Bandelets with Geo-
metric Orthogonal Filters / Proceedings of ICIP, Palaisau Co-
dex, France, September 2005

[11] £, 7hiE. ZREFRBEGKRM SRERMEE. it
B YL, 2006,29(2)

(8% 200 70
%2 REMBHRER VES

ul uz u3 u4 us us
Ay [7,9] [7,8] [7,8] 8,10] [7,9] [8,9]
Az [8,9] [9,10] [7,9] [7,8] [7,8] [8,9]
As [7.,8] [7,9] [7,9] [9,10] (6,71 [7,9]
Ay {7,9] [7,8] [9,10] [7,8]3 (6,8] {7,9]
As [7,9] [7,9] [7,10] [7,8] [7,8] [7,9]

R3 REHERNRRTE
A RFRE
W={¢,35)=(0. 4,0. 6)
wW={x{,A3.23}=0.2,0.3,0.5)
W={a},x5,23,7) ={0.1,0. 2,0, 25,0. 45)

REEFHHE
Re={rf .1}
Rgz{r?.rg,rg)

Ro={r},r}.13,1}}

F4 REFERE R ER

Ay Az As Ag As
ek 0. 8215 0. 8555 0. 8085 0. 8185 0. 82725

14 FASEEAGINAT R WEEIETE
{8, WY A4 AR (X (A B ke 4 R VL B0 2 B

F28 BIBZEEN AN EHEBAA IR LT, &
2 v 6 PR BB MU B ARS BB B R AR AT
F, BRI A= (uyugyoyu)=(1,1,0,1),

38 RIIRAN AT IR R E) * H BB
W I aF AT RS , TR T Hh R R XURS i 47 2, e 3 B
o

AL AL AT B IR AR A AR SCB B 3 Decision_
making, % i 2 J& P R R R B4 T A A S 4R A 3 , 3 Y AR o p
KEXR MR T 4 iR,

H5E MBEEAAG=1.2, 500, B HRES
RESARIT B RS A BATHEG B 6> 60 >0,>40 , iRk %
AN A, BEEREN, B AZ B EHE.

WEEZERSHEETFREYE.

BRIF HEEHS . SW ETHAWERE, AMIEXH
o ET VESEEH SR, TERH B RA DB E
FKENZBHERRFEMNRR S Z—. ZRERKEENE
Attt | DRAE R 2B M B R 2 S ST IR ) R PR R
B E PR R AR T B LU R B A, T A R AR
X BT KBS R . A8 TR BACKRIEREREER
0P (AN A o AR 30 ) g e A i M B P 2 A G B
WRARBAR, X X A R L J8 SR R R i 7 —Fh T
IV TR P e SR “ABE & R P L BB R T H B AT L LB
B O AT SR AR RO R S HT R B U R
TR T BRSR XRS  3AR E  H T B D SR SRR AR R F At
TR,

& % X W

(1] %BiEFEK KBAWHEREBHRREEN—FF TR ] 24
TRIR,2002,17(2):177 -181

[2] Atanassov K. Operators over interval-valued intuitionistic fuzzy
sets [J . Fuzzy Sets and Systems,1994,64 (2).159-174

[3] Bustince H,Burillo P. Correlation of interval-valued intuitionis-
tic fuzzy sets [J . Fuzzy Sets and Systems, 1995, 74 (2);237-
244

[41 E, mur Bl X B R REREH ] &%
TR FHEAR,2007.29(7):1082-1085

(5] X430, iz, X MBLHEFRRNHNRBEEED 1 2%
TRHHRTFHA,2004,26(7):903-905

(6] FREAKGEKA. KEALBEREH—MF LD L AL
2224 ,2003,33 (4):498-501

(7] #K. KA BRGS0 R Ry &R ALK DA
1], 8 585, 2007, 22(2) . 215-219

[8] %K JLEERUIKFENFRID]. R AEE LB
2003.65

+ 221 -



