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Abstract: Texture images have abnormal, microscopic characteristics, but some parts of the image maintain
statistical regularity from a macroscopic point of view. In order to capture these characteristics that improve image
segmentation results, a new wavelet-based, multi-scale Bayesian texture image segmentation method, based on
EHMM-HMT (enhanced hidden Markov model-hidden Markov tree) and MSWHMT (multi-states weighted hidden
Markov tree) modes, is proposed. The image blocks’ relative interactions are described throughsthe EHMM model
effectively, and the homogenous raw segmentation, propitious to final fusion, is obtained 0n‘the coarsest scale.
Subsequently, in order to reduce mislabeling the boundaries of raw segmentation-and to“decrease the computing
complexity of the model, the MSWHMT model is proposed with be‘&er raw s%gmentations of high accurate
boundary detection put on finer scales. Finally, a pixel level.segmentation is reached through a multi-scale Bayesian
fusing strategy that combines with the boundaties. The method is compared to HMTseg, HMT (boundar
based+tMAP), and EHMM-HMT (MAP) algorithm through several micro-texture images to demonstrate its
competitive performance. It has also been found to improve the accuracy of macro-texture image segmentations.
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[ Final segmentation ]
Fig.1 Total flow chart of the texture image segmentation algorithm
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) l%ﬁ&kd\ﬁ*mm,ml IR ANy j=d, JE I SR RBE E 1) B AR B/ 88,44 T 22 W53 ) % B RUBE
By 3,2 A 1).&?%%@%,§ﬁi1r]%e"ﬁﬁi%/l‘ﬁﬂR}ELD@%ﬂ%%ﬂmu%ﬁﬁﬁﬂmﬁ%ﬂ]ﬁ)ﬁiB@ HMM-HMT & #1152,
T2 H— N RENY ST 1 & T 5o R LB & 5w 28 50,12 i HMM-HMT
PR AN R j(=1,2,...,0) L (A0 40 ) SRR YN GRG0 I 10 & 24 BE K O(Lmn(NE /27" + 1)) b N, 2R
BIMAE m,n 535 N ZREBIAT RN AL 2 o RBSE I R K/ 75 22 0¥ & EHMM-HMT 1 HMM-HMT
R E T1) 53 2% B 2 A () P B T B2 (0 2 a4 SL S B FRATT R LB 7 HMM-HMT #1 EHMM-HMT A5 11 8 5 4
1R BN A2 A0, AR R AE SEORE AN JURE b 3 S A RS BB AN S I .

T B HMM-HMT [ 0H 852 5% 5, SCHR[9148 H R FH 7R Sl R B vk S0 43 1 1 43 380 1) R BRoRAS 645 Ak
FORTHE A A R B EIw) o #0508 T o0 C WPl SO BLSR:
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L (C|8) = p(Be =ke, By =ky, By = ky) f(Te | Bo =k, O) f(T1 | By = k1, 8,) f(Ty | By = kyy, ©,) (3)
HA, p(B. = ke, By =k, By = ky) VT S50 R BER] 43 B 19 20 i O B 5 AR S E U SR BROIR S BEA MR e
R A (DR, T, St 5 b XIS 7N B R B0 X AT By, @) /2 R b Ji T 08 i AR, T Bl by 4 3k
LB ORI A MR AR T S G R A5 BB BRI 19 481196 8, R b SCRR (9]0 1 77 92 I B 17 AH 408 P 5 e skt
D BRI C IR RS . 4R 12 VE A R T OR BRI 43 F0 08 D — S0Pk (R R T4 v o) 30 57 00 B e ) FRATT i) 5
6 3 W6 1 40K 22 B0 AR, SCRR[9]H 19 77 7256 320 S 0 09 280 SR AS i EHMM-HMT 47
43 HT EHMM-HMT #5204 0] %1, EHMM AN A2 5 80 K 200 48 v IR DG 28 g8, TR] I s, 2 o) 40 3 P14 v 25
RO EUG R G vk X R AR — 7 T, EHMM S50 MR ROR S B 0,8, P 3R EG H0) 22 W 4 v %
%5177 1H,EHMM 25 ) B BER A28 7 D)2 o8~ T PRG035 S BEUG F ff Ge o- i o Hi% ,EHMM-
HMT 84T SR A vy o ) 53 2% JBE R A A0 ROBSE B ARG o SR A RS 235 AN 2 3 T Ui, ztixhs.ﬂT% Jil HMT
(multi-states weighted hidden Markov tree, & /% MSWHMT)#i 74
#£ EHMM-HMT 25l v i A5 e, ml 43 10 13 31 28 zﬁfﬁiﬂ’ﬁ{% @{%&&éﬂ HMT %éﬂz HMT!, F075 5 G
4l HMT Z4 HMT! T )& MSWHMT #5415 56 R H 99 41 2 50 HM T, A0 HMT! VF SRRSO R E L B R
CAAR 1 B B g 25705 8 T SR B AS & TRk Eﬂfrﬁ%ﬂﬂﬁ'f‘ﬁu; AT JE TR k R L ov)),
Horp k={sm,s},i=1,2,...,0,0; KNG j Rf‘*iﬂ’]/]\/f”?ﬁln RS =12, L% 5, R o R B
EHMM-HMT #7 2 Hm ST ANREG B35 A0 T 8 TS0 ¢ UK 1, (077 1 6,) BRATHE AR 52 SO
LN L0)=fW10,) =7l L, )+ ml (W) )
b =12, KEE iq%ﬁﬁ*”ﬂé& 0, A ¢ AN EHMM-HMT S50, 4K 1L (W) T 1L w)) 4393 1 550
HMT!, Rl HMT! {6 DY OB 303 — v R b gt f S 00 a4 3, 2L ik 50
{l;m(W,f) = pO¥/ |k, = sm)

" | (10)
L) = pO k=)

Forh, 77 3o v BB HL P9 1R /0 e 2R BRSPS b PR — AN 5, B RUBE 7 B DS A5 R S AR SR N B R
TR 1 dbl ANEE 5 2R BRI AR L T J, T 06 A S IR (L) e — AN B R i %K@Hii W#LH‘JE
R T VRSN A SO DY SO B IR N1 IR T MR BR &A= k. ﬁTﬁ IfTT’ Pk RS, w
TR/ BRECT M T TS BN R ‘\ . -

Table 2 Comparison of the time complé}uty for 3 models
#2 3 HPUEOTII R Lk

Models Time komplemty Description of parameter
EHMM'HNH: O(Lm"(kf /22 +1) | Lis the coarse scale, N, is the
AMTIY O(mn) number of the hidden states,
S AL m and n are pixel numbers of the
¥ Ref[9] O(mn(N; /127 +1)) image’s row and the column
N ¥ MSWHMT O(mn(N® /2% +1)) | directions.

AR T L, W) FLW) 53R R S T 8T8 ¢ REUH Vi UG PR 7 53t BEUG SRt AR A
L 1, 7 16) X L, ) A L) RO, BR O 2R A AL HMT(MSWHMT). i T i%
B TR HMM-HMT #280F1 EHMM-HMT #8888 AR FE 0 2007 &S Al RUBE B 23 0 I 5 B 2 4505 Fvt 500 43

F, T N GRB i B L ROAER Z 5, M MSWHMT IR ) B 4% 85 8 O(mn(N? /27" +1)).
2 ETMSWHMTHEEITEZMARE ERYI 92 E

AN (AT R T MSWHMT BV A0 RE B &7 U8 T4 R GUR MR8 )5, v R H

ML HE 540 23 B0 T IO 7 B35 @ AT 2R Label! 7] 222N
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Label! =arg{ max_[1, W/ |6,)]} (1n
tel,2,..E}

H =12, EE AEISMNE=1,2,.. ., L-1,L R RERREERN, 0 05 ¢ KGR EHMM-HMT 24,
L, W7 16,) h1 22 X (9) I 13,

FAH MSWHMT,HMT,EHMM-HMT B FSCER[91H 1 7 3533047 T 0 Ar b AUE A 8,5 HMT #EAYAH
F,MSWHMT 5 HMTI 00— 5035 B 25— Yo 8 2 $0 vl DA S 2 AN 4 R BE 1 0 43 0 (B AS [l £ A2,
MSWHMT 7EHI5 5 ¢ FEECH AN U E AT m (028 @ PRI, e A T 7R SR EIlZ% EHMM-HMT
B SHATRNN) 20 M 2! a2 )R Gevt s B, T 2 304 R o 5% RUR 158 ¢ RGUILI LR R I, &t HMT
F 20 B % B bt v 5 A A0 R bl ARG RS B R 43 0 A A FRATT AN 6 EHMM-HMT A28k Ui, 7 48
A~ a0 RUBE A0 43 0 75 L AL Tz A RO 1Y) EHMM-HMT A8 250 X AR E N T 1 ?J@ﬁi}llé}%
Bt 0 S it L ph B R 10 40 ek 2 2R ok a1 E EI’Jizmﬁfﬁiﬂ@%xmﬁiﬂéamﬂiﬂt Mo R I i
EHMM-HMT #5284 41 1) 72 I 45 V{5 S5 R 1 ml 3, JRU BRI A 7 (1) i T E}WM;L%F N R RSN
FEAR /NTRG AR /N i 40 RBE b4/ E‘Jﬁ%%ﬂﬁﬁé%ﬁ%iﬂ%%%%N’é@&%g?ﬁfh ISR TS5 HH (R LR W] 5 B
I FEAR MR 2 B2 EHMM 25006 A Bedk Al il iR S0P (10 2 S8 v I PE;(2) o T SUBRARAE
T H DO i e R 1R [+ rrn/E%,Xﬁ%f\%%l P, G A o) R 1 R R AT A I R A BRI R
JEUOL 5 EHMM-HMT 58 AR B, MSWHMT #8276 54 AN A1 R B2 B (¥4) 4 #6175 2 EHMM-HMT 8 78
SR b R IR 38, DA TIRMSWHMTRE AR 45 A b ARG T IRF 1) 52 2% B 20 K MSWHMT BT 4 25 T %A
%REL%S@B%%‘H}E@%%,W@Tﬁ&@ﬂiﬁ/ﬁhkﬁxﬂﬂlbﬁtﬁﬁ%ﬂrﬂﬁﬁﬁﬁ%iﬁﬂm B 4B 438 5% 2 K 1 i 12 41
ROBE T (0 GR35, T S5 T Jo b (P A 0 )y EEMUT, A8 750 Sk 42 EC BIODU A A 8 T 458 25 7 AR 2 %A
AR FoE XS 2 A i A Re 0t T MSWHMT R T B R BT 08 1 1 G B rn 7 = B G R )
ARGV B, R SRR IMT A58 HE A AR S A R BE b o] il ik G B oy 04 B AR i, DA T S B T 5% 52 4 SU
5rh % 2R MR B ) 22 WA T 5 R R R AT WL 45 45 55 HMT M B, MSWHMT 70 8950 7 56 A [7) 28 51 S0 28 1Y)
IR GE S A5 A AR BE b B Bk BT 98D I SR 43 1 H .

4 HZHDREENZ RERMHES R \

ﬁ?%ﬁﬁm@@%ﬂﬁ&ﬁ%ﬁﬁ%ﬁ%%ﬁm%%ﬁﬂ&%&&@%&&*&%ﬁ%%%%%%
TS 3 7L 355 R (R 50 S T g T2 S0 < B 4 [
S S T 0 R T 27,017 R YR 52 A2 500 55 Ul B, PR 1 155 80— SR
SUELI S ) 7 DR S0 SRR LR 06 28 3155 FRRAN U 43 8 T 0 56 3R 5 — 7 T 40
R 5 i AR 50 32 5 A AR i e B e ) LKL R 45 ) B, T L34 ) B 038 T
ﬁ%ﬂ@%%%ﬁ?ﬁ%%Zﬁrﬁﬁﬂ%@%ﬁﬁ%%%-Mﬁ%ﬁﬂ%%ﬁﬁﬂ%@%ﬁ%mﬁﬁﬁ
0 2 P15 508 P4 77 T T 2. 4% S8 4008 7B B iy 1 R 3 T O 38 1 T 46 6 955 B R
JUSE U 5l S 50 1 2o o SR T3 N T B U B RAG36) 5 AR R ARORE R
54515 RPN EE D 2 0 4 A2 94 5 LI FPE 53 046
41 HREE X RN

V1450 0 I Sl 0 S (2K ) 0B 0 25 b 0 7 1, 558 3 0 1 i A 3R A8 1,
33K [ S0 R B AR 36 IRORRAE T J2 97 7 D00 — SR SRR 2 40k, FR 0 2 0 T 2 B
SR, 3R A Candy 'SR H4 10320 SR U557 A AT Yhann 258 A I, 86 50 9 2 0 19 1030 2 e T A6
ST R T B 2 IR 035 LB 0 T — 2 R a0 e 0077 0 A2 i I 539 R I 5 W B 255 1
S5 M B A R .

RS S SRR 31T VR IR SRS T — RS . A AT SR U7 0 AR 6 A MR I (R
M 15 432 0 5 5 602 7 6 43 2 L) PR 0 2 10 4 1 8 6 9 B 0 0 R IR e 3
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SR ER 2 RS 3 5T A% B DR 38, AR SR 22 S A B T ) 40 I T AT B I ARUAR R L) o 8 G Rk
ENLII T
B BT MSWHMT 15 2 1) & 2 ]ROBE(Z 40 315 N H] 7 30 45 5 R RBE 7 i — AN 49 A0 N 25 41 RS
J=1 1 4 AN 05 AR SO LR BE B ) 4 B DL ST s 3 14 R AL S 40 R -1 B B AT B A
[R] IR KL A0 AH A R b (R 45 AN 1 0 — — 60 8T THI 4 AR SO6F g 57 i e X
FERLOBE j E R A s A6 2 LR P45 P AT — 2R RISl S0 i
Lo A s [ 8 ABIAFAE 51 a5 s AR GCE 2 50 (1715 151
2. A s MIFRIC label, SHARE j—1 B 5 ¢ (IR label, AS— 350 BV BE S 3 9 38 10 32 v A6 40 R
AR TR AL S A T R S AN A Ok S D S (R B A R B AN T AR A
2.0, XFRUNEE LA s BIBUR L = (@, 02,..,05) B £ El’]?r%i¢//\d\%7‘3%1iﬁﬁ fiz3ge U3 2
SIS R T4 4 ¢ (B0 fabel,— 30 ) -
2.2, I RS j-1 L5 /e Dkl 3x3 KNI E{\(W’ﬁ é\@éﬁ‘%*ﬁ ¢ A8 AR, A i
A RIE R BB NB@)IS L CIBR B LMD R [y = (1l gl i
cnnly Py Hor %5y %@mm—%m%ﬁﬁ%@DW94%£m$vEﬁSMP@DM$u¥
WA LS RS RIF S 6T S O MR T A ¢ 108 ABBURBLXEHURIE j LA LA H 3¢
U s 9 80 U0 B CBE R — A B CVBLR R B 1) = (110 100 0 bl
U?ﬂﬁ tE’J Tl FBASR R it Ly M7 ZE HE7S R s RS LR JR A L) (1) 7 22 2R D
¥ var(lf s, Ly, 15,1, 15) > var (L .. 1L 1L . 05) (12)
Ho var(l],.. 11110 5E X R

9
var(l . 0,11 0 ):éZ(Z} —u)?
i=1

1 9
u :*Zlf

Mt 2.2 W LR S AR RN T ¢ 0 8 ABIRE A F SO 1) 'EJ%ﬂ“fIi_ﬂiﬁﬁ'J\ﬁzb)«( LS.
II BT AT 2.1 FNA 2.2 WAL E AT 43 Sl AN [0 1 AR 86 oK s 2 it A 2.1 ik tt?y%*%i(ﬁfm s W
S (R SO0 R AT 580 I 45 45 41 R BE I 0 43 A Rk e A il 7t 41 2. ZQU TEE R 1R B s 8 AR
N T AR W T = (R ) R e ALl 5t \ )
42 FHENREENERENMEME K y ™) ¢ .

AR Choi £ A\ AE SCHR 6]43%'5[:';13’ é'iij(l‘@‘**%ﬁ(mammum a posteriori, fi /i MAP)¥ £ N fili &
e, 17%%HHT#F§TJ:TIV <\ v(")ﬂ]@@ AL £ 2L O 2 B ARAE xR L AR A 2

b =argmax p o o G [970") (14)

(13)

¥
: |
Arh, I ROIROING )Qx‘”) |9,y a] g DU 7 2 5 n] 4
P (n)(x(”))l? (n)‘x(n)("}(n) |x(n))f(y(n) ‘x(”))

zp (n >(t)P () [y )(v(”) | x(n))/r(y(") ‘x(n) =1)

t=1

e, p o, (0 RS ¢ 6 R n BB )5 iE B 2 (probability mass function, {fi 5% PMF)/0 " o) & B 5 8 y )& T

S5 ¢ (ABLAR AR SO bR SCfE B X5 HM Tseg J5 32 A R 10— 850 R v "= {P,NPY e b PARZR ALY 14, NP
fRF P K 8 BRI 15, NP W 22 BB By vh vk e

FET UL B2 BT AR S 5 D s — B0 R SO RE Y 5 T DR 25, 3R T & A T R 2 RO DL il
SR 2% S I A Rl A 3o R P K Y R FH 2 T MAP 1) 22 R il 2 S L7 LA SR 0 30 L4 sk (R i )l

(n) | ‘;(ﬂ))y(ﬂ))

Py (x (15)
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LGN R E RO R BE ) 20 B 45 3 A R T 40 RRE b Rl 5 R O DO — B B AR S A S B 2 %
DU 407t S AN TR HMTseg J7 i 3k MAP ()15 S, Ji 8 2 — A DU Sk il o0 T Bty DARFFIL S
HORR I EE T 1 ST 2 )R DU J7 i 45 SRS

5 MEXERERSH

A SCHG S5y 3 AR, 5.1 I EHMM-HMT #E78RT HMM-HMT #6876 SR RS E 4] 2 3%
B 5.2 I EHMM-HMT 8, HMT #8  MSWHMT #E B SC R [9]7 (6 7 V248 4 R b 193 SR8
R R RN, 55 5.3 4% HMTseg J5 i M1A S J7 3% EHMM-HMT (boundary based+MAP) ¥ T PiFf 5 ik, 7
Ay A S AT L S0 R LW (R A SCE ) 43 S 6 DL S8 B FH 1) 4% S0 ) 45 190 R Brodatz
PRUESCER R B S SO TR 112 TREOR /NS 640x640 155, S0 I ZR i 0L H SR A4

256x256 oMU ECE SR B ISE—HOUE F A 512x512 AOMREGE. @ & &,
5.1 BAEREYISERB B AH L)L =

AATHI LY B A A L EHMM-HMT B8 Ri-HMMHMT B89 15 b R BE b (4043 30 i Bl 10
TCER iﬁ@&ﬁ@é@t@%mmwﬁ.ﬁdim/\,ﬁ;

mosaic 1(D9/D68/D16/D21,  mosaic 2(D42/D63/DI1/DT1), mosaic 3(D95/D9/D68/DY1),

mosaic 4(D9/D68_/D\16/D21/D.‘), mosaic 5(D75/D95/D35/D56/D5), mosaic 6(D75/D9/D68/D95/D42)

E‘z?)ﬁ\,moéhic 1 Al ﬁlosa‘lc 4 S 4 Ak, mosaic 2 F1 mosaic 5 1% 4P & i, mosaic 3 Fll mosaic 6 HIH4L
fiﬂféﬁlﬁ?ﬂﬁ‘ﬁﬁﬁ.ﬂﬂ 4 TRATTRT LU 0B K SRR AR LU R A, 7 S50 PRI SC P I T8 LUK, 45 1) R A
b W3 .

(a) Mosaic 1
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(Q) Mosaic 4 “(e) Mosaic 5 (f) Mosaic 6
Fig.4 4-cla§éﬁncl‘5-cl;ss test texture images synthesized by micro-texture,
\ : # : macro-texture and the hybrid texture images

Uy M4 GO O R I OR A SO R LA 4 28R 5 SRS

#3437 T EHMM-HMT 5 HMM-HMT £ S FH R _F 9490 20 350K B (IR 3R 2 %) 1 38 3 w] L 0 TR 2 4
AR ZHE, EHMM-HMT 76 55R R (K9] 43 %00 8 L HMM-HMT Z248 385 4347 ] &1, 11 7 EHMM-HMT X% 0
P58 ALk 0 A P o R IE AR R T A I 2 I RMB I W T O% AR I IR B 0 3R IR T R
I FIE RE.
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Table 3 Comparison of the segmentation results between EHMM-HMT and HMM-HMT on the coarsest scale
%3 EHMM-HMT 5 HMM-HMT 7E8cHUUE BT SR LA

Models Micro-Mosaics Macro-Mosaics Hybrid mosaics
Mosaic 1 Mosaic 4 Mosaic 2 Mosaic 5 Mosaic 3 Mosaic 6
HMM-HMT 99.04 95.67 90.72 87.98 93.16 84.37
EHMM-HMT 99.24 95.29 91.41 89.16 92.29 84.48

5.2 SHRELDRENTE RS

AT A XA EHMM-HMT,HMT,MSWHMT FlSC#R[9]7 1 /7 1L 7E 40 ]RE _E4) 45 F (032 A 0 1 BE. LA
55051 A RIAR B R 1,53 Hilic H EHMM-HMT,HMT,MSWHMT 1 3C#R[9]H 19 77 ¥ 1H 5 4% 40 R b (19491 2
ARG 45 T e AT SRS UK 5 R0 RE IS (). B T 28 T /N8 EHMM-HMT ({ﬁéﬂ]ﬁ}%iﬁﬁ%ﬂéum
BHKRN Ny 2x2, B FE T Bty HMT BEELGE 4G G IM B8 %) (independent mixture model), A SCHER 4 thoR S

L S 4 S0 SR T B RURERT 23 5B s B 2 8 ) 56 6 A AFIART: £ : Pentium 4 CPU, %

i 2.9GHz, W47 1.0GB; A1 5 24 : Windows XP #f: R i il Matlab 7.30. %

-

Table 4 Comparison of the boundary det%ctidh precision and the time cost on each scale

T4 g,

%ﬁﬁﬁ%%ﬁ&@ﬁ%ﬁ%k%ﬁ%ﬁ%%ﬁ&ﬁﬁ

. EOMM-HMT Ref.[9] HMT MSWHMT
¢ [ Boundar . Boundar . Boundar Boundar .

Mosaics Blp R detectior}ll Time dCtCCtiOI}II Time dCtCCtiOI}II detectior}: Time

size precision cost precision cost precision | precision cost

g 8 (%) © w O 1w o

. 16x16 82.51 464.25 82.51 435.92 100 100.00 464.25

Mosaic 1 8x8 86.13 453.88 73.60 30.51 91.80 92.00 343

4x4 65.61 1524.00 60.74 30.51 71.81 72.46 3.43

Micro- 2x2 X / 50.55 30.51 49.70 50.47 343
mosaics 16x16 82.24 591.94 82.24 516.09 80.93 83.55 591.94

Mosaic 4 8x8 83.19 543.18 68.31 38.08 72.79 72.43 5.48

4x4 63.76 1964.03 51.67 38.08 57.01 57.02 5.48

2x2 x / 39.49 38.08 37.32 37.62 5.48

16x16 69.95 228.05 69.95 276.50 84.15 81.97 2&({
Mosaic 2 8x8 61.60 472.54 61.07 26.54 69.33 72874 iQ.06 '

4x4 51.52 1074.40 54.81 26.54 52.15 53.10 3.06

Macro- 2x2 X / 47.28 26.54 45.97 46.17 3.06
mosaics 16x16 68.15 462.33 68.15 459.29 70.71 70.76 362.33

Mosaic 5 8x8 57.18 523.81 56.95 \ 13.*) S 63.35 61.54 4.64

4x4 50.06 1912.22 50.20 13.90 47.78 48.09 4.64

2x2 X s W 13.90 38.53 38.65 4.64

16x16 63.39 359.05‘ 63.39 363.86 96.90 98.36 369.05

Mosaic 3 8x8 79.20 \ 50825 52.27 27.76 83.53 85.87 4.07

4%4 70.62 1179.20 58.37 27.76 78.78 77.74 4.07

Hybrid 2x2 L / 57.63 27.76 59.26 59.40 4.07
mosaics iy 16x16 63.71 491.79 63.71 484.65 73.89 74.06 491.79

2 8x8 49.21 630.49 49.82 34.72 63.84 62.39 4.92

§| Mosalc6 |4 4375 150210 | 4351 3472 | 5525 57.55 4.92

2x2 x / 44.94 34.72 45.08 47.51 4.92

MR 4 W LU AR SN B T4 7 T, MSWHMT 2t EHMM-HMT 45 8 BAI AN 2D i 3 i R I 1) 302

J5 I 1/6~1/4, L6 SCHR 9177 1) 77 VAR A 3 B A1 70320 A DR 82 7 T, MS WHIMT 5L 6o 120 i [X 43 1 1) T A 6 L
EHMM-HMT #8047 @ 238 5, 6 H 2 4 mosaic 1 1 mosaic 3 MSWHMT A5 2 (30 F K RS 12 78 fc kL N 3 1 ik
2T 98%LL b, Lt EHMM-HMT #5813 SR MlRs BE 3 i T 20% A B 53 4k, 5 HMT BEBUAH Ll MSWHMT £ AY
WA — s PR IR BTt i B, G T8 S S BB L 2 SCH I 2 hF — 3 VR A I IR SO, SCHR[9] 7 5 ik i i
ORS8N i MSWHMT A58 8 &, i HLE 2 0% FAB Al EHMM-HMT BEA 5.

S &5 R B EHMM-HMT 0 E 50 41 1 B (LL QT 8x8,4x4 Al 2x2) LT Hi it EHMM-HMT Z3A
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AN T S B AT I 18], 1T FLA5 30 (0 300 AR K P AN N G5, 7 408 K 2 BRI 2 R0 50k 3 A ) 16) 280 SR
Atk F MSWHMT 578 (1 35 22 A2 S0 45 9 55 AT 10 58 3.1 R8s 3.2 Wi o e — ﬁtE’J E I A R T T,
MSWHMT 74 58 LE SCHR[917 1K 77 ¥ Al EHMM-HMT #5870 B4 32 50 36 45 S 5 BATTHE 5 3.2 T Hr il 2 — 2
(1. EH T MSWHMT 3l i 6 2 ASRAS 1K HMT Ze vk InBCR v 540 )R I BAR ER B T 138 1 1 I R e 7 57 RS
ety 4> JR e v B SR I T R S TR B 2 A T 55 ) R 0 0 A WL B A A Al R Lk B T )b X 3
TS5 10 B 0, R T 76 0 R b 30 ARG UURS U7 TR LE HMIT P RE SEAL.
L5 11 SRS WU BRI [V 53 4% B 1 7 T IR 3R AT L AR SCHR H ) MSWHIMT A5 7 H EHMM-HMT #5% \HMT
B AN SCHR[O]H ¥ 5 2 Pk e 22 4
53 QEAHRB RS » \ \
AATER X HMTseg 75 R1A L 77 7% EHMM-HMT (boundary based+MAP) »Jrq W%@;.u@ﬁ EA7 T
SCHR HH (R3] 5 R R R i SRS 1) i BRI T 45 R I B AR 5) ¢

Table 5 Structure of each aléont
%E 5 %73¥£B’TE1ZIS%1"J

Models \ __Raw segmentation model Fusion strategy
HMTseg \ HMT™ MAPTOT
HMT, (boundary: based+MAP) HMT!S! Boundary based+MAP
. EHMM-HMT (MAP) ’ EHMM-HMT and MSWHMT MAPI&10:17]
. EHMM-HMT (boundary based+MAP) EHMM-HMT and MSWHMT  Boundary based+MAP

)
1
5.3.1 TGRS RISER N S B
WATEFET 5 H 2~6 FEATH (K SCHEE 5 s iR SO, U Bl 5 7R AT mosaic 7(D16/D24), mosaic 8
(D16/D24/D68), mosaic 9 (D9/D19/D16/D32/D68/D21), "' mosaic 1 Fl mosaic 4 7 W25 5.1 ¥

N,

(a) Mosaic 7 (b) Mosaic 8 (¢) Mosaic 1 d) Mosaic 4. (e) Mosaic 9

5 BT AT M) 26 R S 1
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Table 6 Comparison of the performances of four algorithms
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Fig.5 2-class to 6-class test teglr&m*es syhthesmed by the micro-texture images

Methods/Mosaic Mosaic 7 Mosaic 8 Mosaic 1 Mosaic4  Mosaic 9
HMTseg!™ 99.16 96.31 99.69 92.80 94.91
HMT (boundary based+MAP) 98.95 96.57 99.48 95.75 95.78
EHMM-HMT (MAP) 99.03 97.08 98.45 92.31 88.71
EHMM-HMT (boundary based+MAP) 99.18 98.05 99.32 98.07 97.09
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Fig.6 Comparison of the segmentationyrestilts of each algorithm for micro-mosaics
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Fig.7 2-Class to 6-class test texture images synthesized by the macro-texture images
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Fig.8 ‘Comparison of the segmentation results of four algorithms on the macro-texture images
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Table 7 Comparison of the performances of four algorithms
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Methods/Mosaic Mosaic 10  Mosaic 11  Mosaic 2 Mosaic 5 Mosaic 12
HMTseg!™! 84.10 88.72 73.15 65.35 54.78
HMT (boundary based+MAP) 85.34 84.66 79.42 79.11 68.06
EHMM-HMT (MAP) 96.96 88.07 66.15 79.46 75.23
EHMM-HMT (boundary based+MAP) 98.10 95.24 89.63 95.48 93.55
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Fig.9 2-Class to 6-class the hybrid test texture images synthesized
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Table 8 Comparison of the performances of each algorithm
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Methods/Mosaic Mosaic 13 Mosaic 14 Mosaic3  Mosaic 6  Mosaic 15
HMTseg!™ 96.70 85.76 92.85 80.94 70.76
HMT (boundary based +MAP) 96.86 89.43 94.72 89.63 75.76
EHMM-HMT (MAP) 97.37 84.65 92.91 59.52 70.38
EHMM-HMT (boundary based +MAP) 98.08 85.47 95.27 87.92 79.70 & \
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(a) True ground (b) HMTseg (c) HMT (boundary (d) EHMM-HMT (e) EHMM-HMT
based+MAP) (MAP) (boundary based+MAP)
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Fig.10 Comparison of the segmentation results of four algorithms on the hybrid te)\t‘ut‘! images -
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