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Segmentation of Rip Thangka Based on Maximum Entropy and Local Priority

Liu Huaming', Bi Xuehui', Wang Weilan®, Wang Xiuyou'

(1. School of Computer and Information Engineering, Fuyang Teachers College, Fuyang, 236000, China;

2. School of Mathematics and Computer Science, Northwest University for Nationalities, Lanzhou, 730030, China)

Abstract;: To repair Thangka relic by digital technology, the damaged regions, which Thangka are seg-
mented, must be solved firstly. The algorithm based on maximum entropy and local priority is proposed
to segment damaged regions of rip Thangka, considering the extent of damaged features and color in con-
trast to neighboring regions. Firstly, the gray image of Thangka is segmeted using maximum entropy al-
gorithm. The false damaged regions are removed and the seriously damaged regions are obtained. Sec-
ondly, the gray image of Thangka is segmeted by local priority algorithm, the false damaged regions are
removed and the transition of the damaged regions are achieved. Finally, the serious damaged regions is
combined with the transition of the damaged regions and the ultimate segmentation result is gained. Ex-
perimental results demonstrate that the proposed algorithm can not only segment damaged Thangka ef-
fectively, but also segment damaged murals etc, which shows the effectiveness and robustness of the
proposed algorithm.

Key words: image segmentation; damaged regions segmentation; local priority; local complexity; maxi-
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E£TA:HEARFFIEA 6116202 ¥ B0 H s L8 2 E T A SRR k4 (KJ2013B195,KJ2012B131) ¥ B35 H 5 L # 4 &
RUBFFE R I H (SK2012B625) %8 BTl H 5 & FHITE % Be B 8Bl 2 3 4 (2011FSKJo4) BTl H .
Y i B H:2013-04-12; 83T HH#8:2013-08-16



x| AL B S R T R KR Ao R SRR S B B B 4 E) 425

51

il

JE AR R RS b R A B — R i PRAT SRR L DR AR D DR R R R T — R A AR TR X
RS = R SRR . AN TABEE R i AR SR R AV A R AN T, S i S A
SRR T IRA ARG Ty o AR B B BEAT R R 09 R 402 A, T LSS B HLAS X S S W
AT AT IR - 06 JE A 08 A2 25 2R vl LA N A S I — T8 O 5 2 o F o 1R A 38 X 3l % A 2 102 2 5 iy
P e — A AR R D B XA H RS A R B DT 8 2 BOR A X R B H AR S A . R R R
PR 0 00 D 2 2 0 A R E L0 B IR S AN E L © 8 R A2 R 2 B O T N B LR
TREA o B P S X PO RE L R R A SO AT RO B S 3 RS DX R R T AR
AR B SR A 4 T X R A DO E R T A

B X SRR TR AR A A DX IR P AR A T SR P e AR L 2 3 A B L A A R TR A T R R Y X
S5 TR D JR 800G 21 2 0 3 9 DX 43 0 S A M 0 DX e U X DK O DA 4 R o8 R R A
B XSRS R A SRR O B ROR BT

1 #HXIE

S IR TR B 5 ) o D S R AR B AR DX SR € RS AR TR L 8405 R R R KNS —  HL S R R
b3 43 AF i A5 X3 A AT . B 1 (o) Sy SR 2R T R R R . B AR AR AR 2 5 A XA
) A A 53 DX 38R, JHC B R A X3 AR A AR

FI A Sobel B3R 18 1(a) RGB 73 [A] ) 25 21 £, 73 e 456 J3E {H . 75 3 G 181 1Ch) BT/ 19 10 S R B, A
LCh) W] DA 3 B 408 DX 350 ) 300 RO RSOR 30k J2 el B 3 /0N e 3850 T ke S ) P LA b i i 15 8 0F AN g
ARG o B . B 1o 2%t B 1) R A AR o AR B A 25 5 b il DU H 460 R 3 0 R 1Y
X3 o I A ARAFAR 19 53 F o R1 0bt SR FH B — (o L 3510 9 A R A AR A 23 R

9% 2 B o 8 R 458 DX IR P 1A 2K B AR AR A — 2 RS BB 5 R R o o 0 XA AR R 3o O X
A F B bR R S22 8] R R A AR X B — 8 B BE B IR — A T AR K R R SR Z )
H i 6 B AR JE B

T VB DXy B — R R A Oy L T DAAE ki D R R BRI — SRR . R A R
o RE SRR 1 Ca) T U XL 75 30 K B Y EAG(L)-L i 28 . B EAGlow(L)-L 5 EAGhigh(L)-L, 11
B2 B . A al DA s R R R0 R AR A B AR 48 K 28U RABAAAE — i BE B . AT i)

SR T JHT A Y e a5 X R AR 2R L R 2 R 253 3K R A FE I 1) (IR B I L Sk U XY 2~

'Q : 7

o T )
P T
! Fir . )

-,
by -

i - v, i Wl ] 2 .
(a) RURBIWARE R () E(a) BEERFERE (c) IEREF ISR K
(a) Rip damaged Thangka (b) Gradient image of Fig.1(a) (c) Segmentation result image of

iterative algorithm
BT RRALE R EME
Fig. 1 Rip Thangka



426 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 2, 2015
WK 2~253, L4 E 2 FE 3,1\ ki

o P 1) By K BE B 7 EIN B 3 vz« M Al 4R 3R OK
PEVSCR AR UL BT 15 A

fﬁmlEH%{%[SxELFE DRI SH AR B 2o O IXC A 15 3R 3 A 23 1 -5 M) A5 B9 3 (60
REAR 47 3 73 I ZUR AL

EAGlow
EAGhigh

O0 50 100 150 200 250 300

00 50 100 150 200 250 300

KEE REEME
(a) EAGlow(L) (b) EAGhigh(L)
(a) EAGlow(L) (b) EAGhigh(L)

K2 B 1 K EE R EAGL) ik
Fig.2 EAG(L) curve of Fig. 1(a)

1000

800 [

600

&

400 -

200

0
0 50 100 150 200 250
KIEAH

3 B 1) IR EEH T
Fig. 3 Gray histogram of Fig. 1(a)

B LI T AN [V R AR B 380 P 60 2 110 PG A B R T A b B oS A B il AP 3 AR 1 R DU

JRE AR 0 R B A A TR R PR i B A5 3R 5 ) 1 380K JBE 22 [0 A7 A — E 9 22 {6 BE /N T 45 F 50 1
1R R R R A 48, 2500 I BB A — 21 o R A e 3 X ) T A e SR FH BT 08 IR il 3 IXC

SRR B 23 B
x1 TEABEEENESHEGER

Contain the scope of image in different gradient range

Table 1
>60 >70 >80 >90 >100

>0 >10 >20 >30 >40 >50

T JBE Y15 1l
EMLEE /% 99.94 92.62 79.48 67.30 58.18 51.75 46.77 42.54 38.99 36.11 33.52
2 HiESW
2.1 mKEHEZE
B AT a M HEGKERER, —

H T d RN e T RO R T B ORI T R B AE

2k e RN 2 R T T B BE R AR A DX SR BE RS AE U\ﬁ’ﬁiﬁcﬁ%ﬂﬁ%@ﬁT@%E’quw B EAT %



x| AL B S R T R KR Ao R SRR S B B B 4 E) 427

H uﬁﬁﬁ%ﬁ@%(L/\ffﬁ>*%%?&,ﬁ\4 WA 4 AR — A K TR XK B
R I PGP B0 A — R B LT — A K E DX BE RN o B e, S PR R RO BE Dy 7 DX
REIME T j R R Py ﬁ'ﬁff“[:iﬂi BESIEXT (o) KRR REAS, T

n,
Pi'J_i’\]XAN (b

KD NXN RFEBERE KA AR mEE .o BEERE. BA .0 LXDHEED TR 4 DRIR.
S Ay Bo CHID. B Py A A RIRBEARSF ., Hy AR A 4l Ho B 2WTABREN
TR L D) R RN 1 ) S e

o(s,t) =log,[ P,(1—P, )]+ + 17PH4 (2)
A
i oCsot) BURKAEM s A e BI A BroR {8 . o
P\:EZPLJ i20919"'95;j20919"'7t (3)
ZZP Jog, P i=0,1,55;5=0,1,,¢ 4
EEP Jlog, Py i=0,1,+,L—1;=0,1,,L—1 (5

P09 LA T T 20 8 R RESS 75 P10 L« 0 5 75 5 P 40 30 0 5 A £ 14
i CRIVRDD 5 R o AR SO 2 e oA R L 9% 0 350 458 DX T LA 4 PR 0 vl s 450 Pt B ¢ 0 T AR AR K 19
X 4.
2.2 ETRBREENTERSE
2.2.1 ATRAFRLKAHLRK 5%
SCHR 1O 8t — 2 3ak i DX 53 300 3005 A 3o 3 T VP A0 < i T Jm) 30 52 2% BB 1 e 901X 1 4832 1) 408
TR O E B R E M BT R R B FE AR
G N — BRI IR BE A AT BB (a) € S+ S R R R A T AL b i B BUAE & . BRI R/
K MX N HBA 256 5B G ] R i 17 1 AT 08 A
h(t):ZEau—f(i,j)) 6)

i=1 j=1

itq:' S {0917 "’235 j‘jj—‘r_fj‘rﬁ OCs )ﬁ$14@$ ;ﬁ
TEGETT IR E 978 Al If Sy 3k S AR [R] K B2 8 % B 2 1188, 8 SN T A i R 4K

1 hlp) 0
S,(h(z‘)):{ 7 %)
0 h(t)=0
It E LR E AN
C —Zs ®

% Jm) HR 5 2% P ST BRI 2 X TG L P R R ﬁfﬂsé’J Mgt # T KRS K B BR R St &
SORK AT S A T et BRI R 3B E B . 2RI CR/AN R M, XN, D Y IR BERON 3 %
BF % K 2 2 B ROK L B R K M, X N, éu)%i{sl:ﬁjzwm%%%’fr“ﬁ*ﬁ#ﬁ 5% B /N B
1o BRI — A SR S DX 1 5 2 B A O JHE PN ) R BE 3 AT 2 RGEE Z [ BT R 2 2 DX A G
XK R0k AR T 5. T L E A G R TR T, 8 KT I% T R AR 23R U Sk,
AT DA 3 R AR R I X
2.2.2 BHHEATARELLENITIER S F

JE R BRI B 2% s K B A ARE K . R AR H A5 5T S5 KN K B AR A AT A — 7 13 1



428 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 2, 2015

PO [ 5 2 0 A R R B B, HL A K . xR A% B G R AT B 43 e BRI I U X E R AR, &
WL Ay B O . 5 B B H bRk T SR KN K B AR AL A — A BN TS L TR A A A R A .
DU X JR) 8 AT 2% B 0 T AR AT e
B Q FR DR ER B 0 A8 R IR BEAE R g - AR RS B M, XN, FH X C6) 115346
SR P B B I R (o SO BB R (o) LB E R (D
Mw:f i—gl<Th 9
h(t)  HAth
X Th HIH—RBIME, ¢ € {0,1,+.255) , FEGETT I A8 LB, Oy b G b AR [ K BE 10 1% 3 3 &3
B, 58 SUbR A R R

, L K #0
gwu»:{ , (10)
0 A (=0
F I SRy 8 DX 3 9 1) 52 2%
QMJ—ZS (1D

D RYFEA DAL - AR R = WK EAE A 02, V\]Eﬁﬁ%?ﬂﬁffﬁ*ﬁ%ﬁ Th A WA D X
LeAR KA kBT — 28 e 10, 1D R B I3 R X SR R A ST HE IR B 05 HAL A 2 A8 T
—RMBR KEGIHEAL . SRR L S R R E SRR XS Th A6, Bk Th B
BN TR R AL RE 8 5 B AR BB b i i U X HL i R A B R AN BE R R EUR /N Th ROKR
M 57 B B IS A P X5 The R/ W 2 B 2 0 i 43 )

2.2.3 AThAIHAEGLIHER 5%
B FR B b L (AR IR RN My XN, s @ N ABISOR BE 3 {8 R

M,/ N,/2

M,(Q) = AIXN,ED §]f0+uq+v) (12)

A G Qe WRL L) BB 73 A R
1L RE S Q0 MR se B P,

P, =CT, (13
o@D max M filD) = oMy >0 s
0 filisj) —aMg <=0

Forp o AUE  — B AE [0.5,0. 951 IR - fEL AR 3R A R 3R

AR TR SE B AT B R segTh = BP. %0 Ja #0856 BE P 5 2 510 A 300 9 DX 7 B0 & 28 .
T3 BP o R R B A SE BE UG R I B R (B, B € (0. 1) JEARRER K KR RIRIBUH G E i D s WA RER /DN
R/ P X HR I 2

3 NEIRMEBERSN

3.1 HELR

) I TR R A DX 3 SR T A e R R e A 1 R R A S R a0 X o B Bk el
BF,

A1) A O B T A BB R K R L R BR OB B X S L 15 B R A R 1

A0 2 R (12D 5 R AR 56 B A 0 AR = 13D 48 IR I % v Ay o 38 XL 2 B B B 30 IX RS L 15
F Iy EGER 2,



x| AL B S R T R KR Ao R SRR S B B B 4 E) 429

IR 3 AT EIE R 1R 2,15 B i 443 H) 4
3.2 SEUEE

AXBEAEG ANBE NI KN NXN T EE Th LSRR B . X 20 I8 B {Z
o285 R EW X 4 NS BT EIBCRE A, Hod, B KNy 5 X 5 I RE % 54 1 Hi40 E1 i 351 X
B, I SCH SEER B N X N=5X5; Th 54y 5 X 38 P i JK B 25 5 3 4 (B8 IE bL L S0 25 R 0 Th BUE
R 3 X3P B K B K BE M = 25 4 W A S (E BR DL 8 B A FIRUR IF 5 o AR B X 8 5 4
) X I A K S R, A Bk A Sh ARG B AR I S PR S R R R R . BB AR, g ARK
MNX N=5X5MH, g —MiEELE[0.1,0.3] Ao o« WIEH— R0,

P 4 g SRR 2 BEE 43 0 AR O AR ) e R K B ) BBC(R A S AR kAR ik B i A A SR

N=5
BB |~ 4065 oo
Th=0 v
B=0.15
T=100 WHRHERE
TSN RE| |
g%%%ﬁﬁﬁ% > T Th=d/8 B R
*
WHESKIA K| | FIFBSEI1R3
i}?)ﬁi’?fﬁm %;%s
_ Kflag=M2/M1-4| | TEsRIEIMH
A=A+0.005 o] S B‘% Al

B4 PR AR A

Fig. 4 Folw chart of image segmentation

Bl 4 . N RRREH RN NXNA KRB FRR B Th Fm A —RKBME . T 206504 1 48
o I BN RARAFTE Sy B AR S
3.3 ZWERSW

PLIE 1Ca) g 43 FIX 52 B IR A SCRE A ALk . SEB I N X N =5 X 5,8=0.16,a=0.640 5, Th =
To SrEIGERANIE S5 R, Horp AL 5 Ca) 2 U A AR L T 5 (b)) 2SR T 4 KO TR A I i 45 2R L e
BT 41 B 5 R R A R ) DX 3 I K 450 AR R A e 1 DX 3 IOAS A [ 5 (o) S SR TR R A2 A B 1Y
T DX A B 2 R BRI T XS {H R 5 e gl 45 DX B TR B 5 (o) i
SRR D R R R R B TR A 2 AR IO J) 8 5 % B AL A 5 181 5 (D S 2R JT TRy B A 2 8 00 1k 4 1) ) 4
5B SCO AL, o0 BI85 R AR FE T % 22 By BAR b B 0T A DX I O 1K B 5 (e 2 R BRI
5Co) B X 5 5 P 5 () A& 45 5 I8 5D & R BB 5 (D R i i X U5 5 5 (b) 194 45
Ho HEELIE 5 Ce) AP 5 CD AT AR SCHR M A 23 0 53 0k AT LA S B X0 A [o) R B 45 X 3l 1 43 1

R B UE A SOOI A A 5 A o BV BR AT HO AR . Ay BIZE RN 6 R Al 6 Ca) S D A A5
F% . 6(b) SR FAAR SCR L AT B 45 58 B 6 (o) 2 R I FCM BOMI R BB B 25 31 1B 6 (D J:
KB /NR 22 S IR 25 B 6 Ce) R FHAE T ALGURLF R - B 45 R 5 | 6 (D &R — 4 fie K
TR BB ZE 5. 518 6 )X EE L I 6 Ce~) HF B A 58 4% Hb 352 I M A3 450 2 B0 R A9 IR . e A
AT AR ORI S A AR 4y T

Ry 58 TR AR SOOI 1 6 MR SR I AR SR 3 B LA — SRR R R L 2 AN 7 R . B 7 () R
T(AD 43R B 7 FHEL 7Co) 1 43 B 25 F o i BT DU H AR SCEE T RE % AT 40t S5 S 46 IX 38 iy 4 0.



2, 2015

HERE LS L Journal of Data Acquisition and Processing Vol. 30, No.

430

(b) ié’ﬁmkﬁé’ﬁ Hfﬁﬁ% (o) FET R FIG R
(b) Segmentation result of 2- D (c) Segmentation result based
maxinum entropy on local complexity

(a) fﬁ?’)\f K

(a) Damaged image

(e) TR IR E‘JA%ﬁiJ%% ® %TE*‘B%?&)EH’JA%C%%J RS
(e) Merged segmentation result based  (f) Merged segmentation result based
on local complexity on local priority
K5 i E R RN ERE

Fig. 5 Segmentation schematic of damaged Thangka
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Fig. 6 Segmentation schematic of rip Thangka

79, NX N=5X5,8=0.2,a=0.74,Th =4; B 7(b)H, NX N=5X5,8=0.14,a=0.83,Th =4
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