| s 58% %20 /2001 & 10 A/MASHRFSHE

iy Bl I ZIHE

P Y iA) R URIDESRAY L N S Ly s R

wEbe, TaY
PEILRIE R R EREIES XFE BB ARYEWE S LG, Hil 22 7300305
PERAE TIMYE A B R 515 B TR 2EBE . K 400065

WE  FRY 5 2 O 8 SO EMR A B S5 AR P 0 — I, BT 5 A A R STl £ SCAR AT R AT 22 H] 48
B8R A K DL RS TR) A5 5 7 4 i DT 2 R P L A I R, B AL T — Rl B T A i 1 Y 5 4 AR SO A D 43 O
B, BHRLVEN T EEMESCE BT EUE ., RE R W AL EE BB G OKCPRGE 5 ELRI  Tr k
W 45 X B Jmy 3 B 4 L T MR A B B A4 X e U0 43 b PR 4 5 R S0 B AR B D i B i A DU R 2B
] P RS 3% S ST R 2207 1] 22 B AR R 3 V0 4 S0k U0 43 28 U R ZE I, i S, AR AT ST 45 4 D Tk X 4% 48
TIHIE, SRR 4 . SC00 25 KRBT, 28 07 VL BB A A% D 52 4 0 43 v 38 B 1) R] S8, 7 4% 110 40 1) 8 [l 23 0 1 26 L)
K F-Measure 7] 43 53k %] 96. 52% .98. 24 % .97.37% .,

KA EMRAOH; RO SO FAXEL R KEA S Y4 EmIHE

FESFES TP391.1 XEEFRERRS A doi: 10.3788/LOP202158.2010020

Character Segmentation for Historical Uchen Tibetan Document
Based on Structure Attributes
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Abstract Character segmentation is an important part in image analysis and recognition of historical Tibetan
document. Aiming at the problems of text line slanting, stroke overlapping, crossing, touching between characters,
stroke breaking and noise interference of historical Uchen Tibetan document, a character segmentation method for
historical Uchen Tibetan document based on structure attributes is proposed in this paper. First, a character block
dataset of historical Uchen Tibetan document is established. Then, the local baseline of character block is detected
by using syllable point position information or combining horizontal projection and linear detection, and the character
block is divided horizontally into two parts above and below the baseline. The improved template matching
algorithm is used to detect touching strokes and touching type above the baseline. The multi-direction and multi-
path touching character segmentation algorithm is used to realize crossing and touching strokes segmentation.
Finally, according to Tibetan structure attribute, to complete the attribution of each stroke. Experimental results
show that the proposed method can effectively solve the challenge problem in character segmentation. The recall
rate, precision rate and F-Measure of character segmentation reached 96.52%, 98.24% and 97.37%, respectively.
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Fig. 1 Syllable of the Tibetan. (a) Structure of the Tibetan syllable; (b) example of the Tibetan syllable;

(¢) examples of Tibetan transliteration of Sanskrit
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Fig. 2 Original image of the historical Tibetan document
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Fig. 3 Tibetan document after pre-processing
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Fig. 4 Vertical segmentation process by projection of the historical Tibetan document. (a) Document line and its vertical

projection; (b) character blocks in rectangular area
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Fig. 5 Part of character block dataset
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Table 1 Classification of the character

segmentation challenges

Label Description
C1 overlapping strokes above the baseline
C2 crossing strokes above the baseline
C3 touching strokes above the baseline
C4 broken strokes above the baseline
C5 overlapping strokes below the baseline
C6 touching strokes below the baseline
C7 broken strokes below the baseline
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Fig. 6 Examples of the character segmentation challenges. (a) Segmentation challenges above the baseline;

(b) segmentation challenges below the baseline
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Fig. 7 Flow chart of the character segmentation for historical Tibetan document
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Fig. 9 Schematic diagram of coordinate system

and segmentation direction
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Fig. 10 Examples of multipath segmentation.

(a) Combination example; (b) marked skeleton
diagram; (c) segmentation path
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B o JECSC T A R B B AE T RO, B O
AL 2 AH I 22 B R 43 28 AN 23 52 Wi -4 )
gr. DI, B85 T R b7 AT RE R i 45 U4 BOR
4 2 0 2 0 R LA R AIE , ke 3 s
F 3 L b5y m 2 B K LA R AE
Table 3 Stroke types and geometric characteristics

above the baseline

Strok . .
No. roxe Basic geometric features of strokes
type
1 \ Yiigh =Y centroid = Y et
9 W\ composed of two No. 1, having the same
features with No. 1
3 R Yt =Y controia » Yr|g1u>Y('vmn>1d and Yng1u>Y1(»n
1 & regarded as No. 3, having the same
features with No. 3
5 /) Yiet =Y controia » Yriglu>chu\mid and Yrigl|l<chIl
6 N Y cenroid = Yiet and Y cniroia =Y righe
N composed of two No.6, having the same
7 N features with No.6
regarded as No.6, having the same
8 \ %7 .
features with No. 6
9 ~ 1.61%3 Yiighe =Y centroid = Y tett 5
right: Y <Y coniroid << Yiert

MG 3 h A 2R B i ) JLTRRAE , SE T Lk b
JrEE IR MR . A AT X B A R i B AR 3
T 1SR 9 S I DU — A0 R R IR 2R A
JEPR 1 S 2B 9 5 2 Y 2 ) 2 i B A A R
JUTRRAE . B 15 25 1 SR o B, JE A5 ) 2 1o 5
P X T 9 525 1Y) 7 A P S I N HE B
2.7 HiREESRIT

PR A2k b T5 B RG 2 ) RS, B 288 S BB SC T £
SCASHY Bl LG, 22 S AT ) o ROR . R 2
TR R 9 S WD Al R 3 AL BT
2 R K U R R B A . L BE LR T O W 2L A 155 B0
AL W R L B AR 2 1) 2 I AR A DA A
T4 AR AL R 11 B, b A FIB )
I3 DAy AN [i) D 2 T 32 S A D SR T AE 1 s

HRAE 4 T iy 282880, U 40 ) Wy Bk 2k R Oy 2 I
W 2R 9% 7 1 AR 2 T 5 A T RN U R AR A%
RSN B0 Y X AR AR, BRI Y A bR
DA B T FR 5 [7) e 9 2

abs(AY™™ — BY"™) << X cumiativesold
abs(AY™ — By™) =Y pertiresold
Aaroa > Parca'l‘hrcshold

‘Bnreu > P;\reu’[‘hres}mld

...........

b
o}

(@ (b) (© (d)
Bl 11 LT Em RGN, (DAEAZXL;
() E RN (o) EFHE ; (D
Fig.11 Broken strokes type below the baseline.
(a) Cross left and right; (b) cross up and down;
(c) separate up and down; (d) contain

j:tl‘"l ’A;Emwid ‘ngmroid ))7( chmroidThrcsold ﬁf’u y‘j ﬁi@.iﬂﬁ
iy AVB By X AR bR R i G 5O 19 7K P B RS
(B AV BY™ Y pertivesoa 230 A 8 8 i B
MY Ak bR S 3% i 38 b i B0 B R B L A e B
N T T AR P overthneshons AT 19 A THT AR B A
TR T T R ) (T T KT BT ] T £
A1
2.8 EEHARE

2 9 SR AF U)o 1 B R B B, HAR R
T 4% 26 ) F42 18 T B 1 SC 7 45 R 3 6 I 14 6 . AR
A DCH B B B 8 28 T U @ W0 IR R oy = 2
T3, AUATE ZIR)E A1 1R DL & 2 AR
HIE . X T 2408 5L by 2 m e Rl |
B S AR T 2 ) T R B A O, PRI A R
Wik, KR REL LIy L m H AL T )y JC K
28V AT 5 TR RS — 2 LUSMAY i
A OLALA L T T A X 45 48 T 2 (8] ) 0
TKFFE RS D ccnroiax » 1 /D T EE B BE D yeanona » WK I
FEATFHIB B A e s SO W 35 50 S8R 4
R 98 S Tty B AT B R S I B TR X A A e
HEATBIE IR A e PEIE I HEAT VT 8 L 2 W
9 )& 43 2 S an sl 12 FioR .

i H B R BRI T

1) i A A DR 8 45 A 322 38 B, O 3 U A
FFXIB FESE C i o

2) XF Y H A O C e 5 A S
Cagwiar FIR/DN e 2 C L <<0. 5C gwiann » W FF X R
PR 3% 38 B0 T R BAR R AT 5 A Cuan =
0. 5C ewiarn » H C o <<1. 5C owiaen » WFF 45 25 1} ) )8
F— D GEEEFLE 47 C g =1. 5C ppwiann » 2 H FAF X
PNAEZDFF AL TR DN ZFERFERE.

3) FIWr 47 X HE & 2 Lk by T m H
SR T A W R, A0 R WA E B o
FFs 0L 3 APIR O,
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4) R R AF DX BT A S WY 0 K B RS
D conivoiax B D cenroia x <D restons 15 HIAE AT UH 8 £R
WA e 5 TN LI 8 O AT

5) AR A 8L SC il AR AT B9 450 AR AR
A e EATBIE

X #2H

6) JetIN A e HREBAATERL I W, 45
FEAE ) DL 32 25 1 o 5 Al AR i 5 0 K - BE B 19 1
D ehord FEFEL E AT HFEFRFEE T —1F4550

B S AR 5 7 I R X S AR 5 A I A
PEAFT AT I A RS B AT

12 ZEim ) Jm i oy 28 S5 4]

(a) 2k Iy LA im H AL T 77 W 5 (b) 24k b7 T il HLALL T 7 A Wi 2

()L By A2 HAL T 7 T s (D AL b7 A 2B 1 HLZE T J7 A7 W 2

Fig. 12 Examples of strokes attribution classification.

(a) With no stroke above the baseline and with no broken stroke

below the baseline; (b) with strokes above the baseline and with no broken stroke below the baseline; (c¢) with no

stroke above the baseline and with no broken stroke below the baseline; (d) with strokes above the baseline and

with broken strokes below the baseline

2.9 FHRUSIENAE

JT R AT E AL g, R A Il R
(Recall) | ¥ # 2 (Precision) | il A & 1 3F ¥ & &
(F-Measure) L S A 45 V) 53 5512 5 (Error) W4 47
VIor80CR% v 3R

N s
NRcCaH: Xloo%? (5)
iVT((
N o
N precision = o X ]OO% s (6)
Norge
2 >< ‘7\] Recall >< J\[ Precision
N e Measure = X 100%, (7)
e NRccall + NPrccisi(m ’
N grror =~ X 100%, (8)
AN TCC
f(qj ’N(‘S( j‘leﬁﬁm%ﬁieru j‘]lu %?@@I%
(a)

©

K 13 FELKRNS5KFEAmdRE. (OFF
(OTLHTT

WEFA R (D) EFT
2 H LR T 2 TR T X B

Fig. 13 Process of local baseline detection and horizontal segmentation of character block. (a) Character blocks with

Nose PN BRI N wse JHE R
3 LWL RS

3.1 XIidiE

1) Jry 5 He 2 4 W 5 7K SV 4

XA R AT I MRS Y AT AL
TR — 7K o7 B Y ﬁ,LL%’”HXﬁw = E’Juﬁﬁ J5\
SEIRE S A 5 X F T Y S HLEE T A A
DX e, 388 g 0T L5 28 T3 3 B Y AR A 1 IR S S R 2k
AGEI 5 X6 T I0 8 9 A HL b T A A AT X, R
K455 Hough BLZASIN B AR L, A 1Yy i SL B3
LRI, FELAGI 5 7R L B AT K . AT
DX B Jmy ERHE LA I 5 7K P U1 43 (i R an ] 13 s,

Do R

S H AR T TR I A R

syllable points; (b) character blocks with no syllable point and with no stroke above the baseline; (c¢) character

blocks with no syllable point and with strokes above the baseline
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2) R 2 m S 2 A AR FEIX AL [T, JF 5 53R 1 Y X
X IELK U)o Ja 1 B 7 B BEA TR MR R fe/ IMEL R I AR 2 2 TR Dy R i % 2 R ARG N B 1k
I 27 A7 R S DU A 810t 3 25 ) R HE 7 5 A5 D) Ak A5 2R AT R B AT X R LR T 2
IWRHHEL LI M AFTERG I . Je2k POrRiE o2 K A9 iR 22 F /IMELX L B9 50 3L X R 1 Y
BRI Sl an e 4 s b BB TIPS 5 KER NN
#o4 o kR LI7 B ImORG I L RGN

Table 4 Touching stroke and type detection above the baseline

N No. 1 2 3 4 5 6 7
. Q T v 939 555 106 1125 585 364 1137
N\ No. 8 9 10 11 12 13 14
T 893 1183 1155 682 1577 1363 1889

3) K i 2 D) 4y U 14 CFAF X P — ARG ) R 15 CF A5 IXHUA

ISEEAER gﬂ%ﬁé*ﬁi@@]%%ﬁ%ﬁ%éﬁ%iﬁ% 2R RE D) TR .
i PR £ B 2 kG 1 3 A AT ) 4 L ¢

s oa i

®)
K14 A —HENFHIS . WA Irmk Dy (WOl Jimh D,

Fig. 14 Character segmentation with a touching stroke. (a) Character direction is D, ; (b) character direction is D,

15 # 2 AR T4
Fig. 15 Character segmentation with multiple touching strokes
SESIERE ) — FRF RS B0, S BB W 2 A2 7 b MU S BRI i W R m AT S W
SCRAE EIOr A BT AR AR g . ARYE DL JLAR BT RS S0 AN 18 17 P, o, SE2R D5 RE R
i} 45 1 ) R R A BB A o AT 22 B AR U0 O I e 22 7 HE AR AN ] 28 1 1) de /N SR AR TR AE

B, 2 — PR iR B SR S8 U)oy 5 ik . HE sk By 5) &

S 52 V) o RO Y SEBIANPE 16 CFAT X A 22 At #* 3 35 & 8 5 Im A TR U A A

2230 FR 55 HFELR T J7 2 A A o ) e A A58/ 0 S TRt R R
4) W m st FHA ZE A 50 7K - B 58 i 18 iR

R 7 47 X B P 45 28 1 1) o S B R A2 AL ARIEBCO KBRS D ooy A5 IR ETT RN T I
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N VAR o~ &\

REEERARE

K16 A 2438 X5 /015

Fig. 16 Character segmentation with multiple crossing strokes

17 RELT i Emp Wi R

(OEFZX; (D) E TR () ETTHE; (D&

Fig. 17 Statistical results of broken strokes below the baseline. (a) Cross left and right; (b) cross up and down;

(c¢) separate up and down; (d) contain

K18 BT Fo/KFIE R R,

() FHF X5 (b IH & 5

Fig. 18 Attribution based on the horizontal distance of the centroid. (a) Character block;

2 ] 1) i

(b) centroid of strokes after attribution

U1 Je S — A S8 R B AT R e R BT
it TR — 45 5 5L

F3IHH 15N 2 5NN R 9 FENTK
B HA — 5E 1 A5 5 R B Wy SRR, & B A
B A BB B A 4 5 O 26 28 T % 7 4 488 UH R I
. Ford, 2 S m S A 15 2 WA A &
B VA T Ik AR TR e AR A 1 S 9 S
ENESEONENESE SR IR Y LR S
TR G T J7 A A e A B R /N RS AR
SE A — L8 FRF AL TR S B L B AR 5y — 8
FErpal TAE A B AL B e R B0 K B

UEL VM 5 O S 5 4 A U U 1R 1 19
B o AR A KV B B R BT A1 Lo 9\
05 22 05 0 0 K P BB L N\ R
5 SRR T O L K P BB 3
o 19 Ca 1N 0 0 5 R 3R
) 7 7K P B/ T 15 22 005 A A 10 K - B
5B 19 () 0 5 LA L L T UL B R
14 T L A 300 40 0 5 9 R O
S 18 T DAL D 1
CEVAEEZOR

95N R B 65 N
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K19 ZmEpEESH . (15509 5
Fig. 19 Attribution analysis of the stroke. (a) No. 1; (b) No. 9

A WAL 97 S0 15\ A I LA
AFTFD B JL AR 0 LB 25 0 45 28 0 Ak T 34
HISBSEAF MO IELR 17 S T AR AR . (A
F 254 S50 K - b 1208 8 0
TR KT AR A5 R

Aot = (A iy p giCensidy jo ()
Ao, ARl g ) A B K S B
A S 0 S R 9 K AR B K

AR RN 20 v, w] DL B, FE R bR T
HE 2 A O 5 D T AT SR AT O 2 I 5 1 K
L D K 5 A 0 A 2 ) L K B L
P 2 1m0 S A BERE FEIE AR T R .l i (9) 3N
J Lo 7K S BB R Al AT 3RS\ S5 1 B 2 ) 2
1] (5228 75 HE AR 0D B0 5 A O 2E il g 28 07 HEAR i)
IR N SR R (R U L ST R DD NS s o
FRIC) RS T A 2R U Jo [

B 20 “N 7 B T
Fig. 20 Attribution analysis of “™\#""" stroke

1 S2Em Y 9 S LA AT AHABAL B OC &R B
TE[R] — A7 5 DX Y il 28 1 1 Jis 722 A B A0 IR
W 21 PR, FAF X PR Eor R T 1 55
WA 9 SRR, B LN NN
PRI B, b, N e S
J A RE LR TR 5 56 1 50 7K P B B G L A 2 T T

K B T LA S 4 D0 2N i
L R 25 S B0 R A5 . A (9) 0%
L2 1 S L3 AT T R A B0 5
P IV BRI . Rl 2K TR 7 25 1 B2
A LS S L ES NI T aE
VR PE eSS T T FIESTE)

B 21 “NRISNS 7 PR S B (] ot B 04 0518 43 A
Fig. 21 Attribution analysis of both “\” and “™\#""" stroks
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Sty AT V) o B E A R AT D) B
Be A5 e AT Z MIAFAE S & S U K A L4

(a

L U)o MEJE B . AT o B d A LR 1A 22
iR .

Bl 22 FRUSER. (QFEFXY; (D YSENFF X

Fig. 22 Results of character segmentation. (a) Character block; (b) block after character segmentation

3.2 ZIWHER

TS RS ATV 43 S 5 G ik A X e B S
FARFUI WA B . EE ST AT XHLE By B, X 212
KB SC T S SRS (L 1696 47 SCA) R 3 1 15 o8
BV 43 A3 5] 109603 AN FAF X, IF #E S F AT X B
o FAF X A AR — 8T s B s S 1
FFIXCHAT 22418 A BER T T AFTE KRG VE I 45 X AT
5685 1. FAFUI 4T Bir Bl fig the SR 2k F 7 R BLAY Cl,
C2.C3.C4 B AL J5 i BLHy C5.C7 F 74043 ] &,
it 81500 N FFF X, MRS F4F X B it 47 Jmy &5
FEL R 55 7K - U0 43 Rl 2 B S BRI R 3% 1) g3 LA
PYEATVEVEE J1 ST ST o K31 s

1) N2 77T X B B B ) A 5 S dis
IERVI MU Nese 0 CART 2858 3 130G D143
J5 BRI 2 I RE 4 B I A U O AT B AT X R
it PO N ATGE AR H Y005 1Y B A 28 11 A BE
AR IEAR VR 9 AT B AT RN, SORF T B
SN T SE PR A5 DR, D TE A T4, Sy
TFAF DX R B B (E A ) 43 B AN 3R 5
RO TR XCHEE A B B U1 KOs
Table 5 Correct segmentation data of

character block dataset

7 ] [ 9
N cse N rsc N geeatt / %6

109354 109603 99. 77
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2) FAFYI 53 B By AH S B
VIGr B Nose U153 B9 45 S8 I D)
O3B N ese A IE B0 DI 43 Y 45 B0, 92 bR B
Noce HFRFRHN BTG /780 . /U0 B
By IE B U150 Bl an ke 6 s
# 6 FRFYI B B IE B Y43 B AR
Table 6 Data of the correct segmentation in

the character segmentation stage

Nee  Nte Nrse Nranr/% Niwason/ % Nesesire/ %
176802 183987 180379  96.09 98.02 97.05
N T ik — 25 VAL A U0 B B i A U O 2K
BRI 4548 R B B A R A U0 o A
FE N broportion BXF B B 45 3% V1 73 % Ny, #EAT 53T
SERWME 7 PN,
R TR B B LTI N,

Table 7 Ny, for each step during character segmentation

Character segmentation steps Nuwse N poporion/ 70 N goror / %0

Build character block dataset 249 3. 46 0.14
Detect the local baseline and
. . 962 13. 39 0.52
horizontal segmentation
Detection of touching
267 3.72 0.15
strokes type
Segmentation of _ _
25 0. 35 0.01

touching strokes

Strokes attribution 5682 79. 08 3.09
G55 AT DX B g ST B BRn= A B) 43 B B U 43
Bl X A U1 WOR AT REARTEAL L 45 5 03k 8
AN ST ICHRPE Y BT B 22418 AT IX B

# 8 IEWYIS R EHE
Table 8 Correctly segmented data

Nese Nie  Nie Neen/ % Neson/ % Nisteasure/ 70

199220 206405 202797  96.52 98. 24 97. 37

@ (b)

[ 24 BRSNS E T IR (TR K (b IKF

AU A R AT A AT AT )
3.3 KBWHERSW

ART7 Ik BAR BEA R DR 1 4 MR FE SO T
R T AT 22 (6] 2B 0 58 B S S K I BT R B I R T
PG [ AE AT A7 7 3 TR G % < (AT Sy 6
A2 T H B B 22 HL WY SRS Y 28 T At 2
P AR LI & 5 BOF AT UL o AR WAL 23 TR
Horpr 181 23 Co) WA HE AR IC 19 P A~ 2 1y 1 o0 3
SO\ T A 5 e MR 3 RS I S H A 2 L A
PRI AT O T N A, 5 MRS A
TR AT R L B A S 2 i ) A T K
IR AR T 95 A AN BE Y Af ARG o R A R £, A AT 24 P
AN ATATIXHIG W A T A KT BUE M 2
R o8 LA I . N IR 7SN\ R A
0 28 1 3z P 7K S, S BOUK P B0 AR B ik 2R 1
i B8 S PR IELR A E L 1T Hough BLZAG I 7= As 14 1 1k
FLLk 2 A AN 2 1 BT S B2 AT R R LA T Y
HERATE

03(\ Cxﬁ\ N
Q< all , 0 , ¢
@ (b) (© (d)

K23 EimEE SR FHAI SR (OFFXHR;
(b) JayaB 2 2k 5 K F V) 7% (o W7 3¢ 28 A% i s
(DFFFYII3 45 R

Fig. 23 Wrong character segmentation caused by strokes

attribution. (a) Character block; (b) local
baseline and horizontal segmentation; (c) broken

stroke mark; (d) result of character segmentation

(d) ©)

t% 5 (c) Hough HZK M ; (D) R REL ; (o) F/4 V) 45

Fig. 24 Wrong character segmentation caused by the baseline detection. (a) Character block; (b) horizontal projection;

(¢) Hough straight line detection; (d) local baseline; (e) result of character segmentation

4 4k 7

AR % B (AT SC vl 8 7 A 24 JR P RSt
SRR SCAR AT AT #EAT VI 00 . B R AR B

PR SO U1 23 18T A5 DX S S7 AT DB 5 AR
Ja RIS FE LR 7 TOOR I 19 7 A X Bk 5E I ey 1
LRGN Rl 3 B LS RUAG I Al 3 1 73 A B Wy 53 2 i
Geit s f o, 6P T AT A 2B AT VA L A5 B0 R A
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fifp DR FELR 107 AT Z A W AE & A8 S R DL R AR
e e J3E ) 2 i B 2R 7 0 A S AR UL L (B IR AT
TEM D BT AF A REBCER VI 73 A9 1 0L . B — 22 TAR
K X5 AR T5 1 v R i e Y 1R R R AT TR A ST IR S
TRIE 27 2] R 5 e 7 k4% W A5 U0 20 19 43 [l A
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