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Recognition of Similar Characters by Using Object
Oriented Designed Printed Tibetan Dictionary

MAsAMI KOJIMA, ! CHIKAKO NUNOMIYA,2
TAKANOBU KAWAMURA,? YOUKO AKIYAMA*¢
and YOSHIYUKI KAWAZOE*

The set of Tibetan characters consists of basic 30 consonants, 76 combination characters,
and 4 vowels. Despite the limited number, there are many similar characters and thus, special
treatment is necessary. In the present paper, typical similar characters are categorized into
four groups; (1) ba, pa, pha, (2) bya, pya, phya, (3) ma, sa, and (4) da, na. An object ori-
ented dictionary is created by combining the categorization and the character identification
procedures. A 99.5% recognition rate is achieved by the present object oriented procedure
which improves on the standard pattern matching with Euclid distance (98.7%). Moreover,
the present recognition method can, as a further merit, improve each of the categorization
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independently.
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Fig. 1 Part of printed Tibetan texts used in the recognition experiments.
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Fig. 2 Flowchart for the present recognition system of
printed Tibetan characters.
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Fig. 3 Structure of Tibetan script.
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Fig. 5 Basic 30 consonants and 4 vowels of Tibetan

scripts. (a is included in consonants and only up-
per and lower parts of i, e, o, u are used.)
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Fig. 6 Interface data for one sentence of Tibetan scripts.
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Fig. 7 Examples of MHL (Main Horizontal Line, heavy horizontal line near the
top) and LCL (Low Cut Line) to segment the vowel u in Tibetan charac-

ters.
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Fig. 8 Class chart for Tibetan characters.
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Fig. 9 Class chart for Tibetan dictionary characters.
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Fig. 10 Message-interact-diagram triggered by the main part of Tibetan character.
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ENTn3, 77 A [HHEEE] o—8iE, BiHE
DOy T A [EUXFH] LB/RT L. —f&IS,
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T IEUSCEE 1] 20 [HEUXTEE nl T80
b, BIE, BUXFHI1I»PL4BIITT6NT
BY, RPOHEEE->Tr T AR 2T o7,

TEHBXE] 2 VT L AvE—T - AV 5 5
ZhFATT oL EEL0CRT. [ EBE] 1[5
BEE LT, S1INERXTEAS L ENS
fedre g, TS | 3 TEBEfXE] LT,
EINIPLESMNETOBRITFBLUEEYHS

e
4 \&,,w

- 4
NV

11 7FurHELTE ba O
Analog dictionary character of the Tibetan
Script ba.
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FHHEE T, EUXFLHEInHE, [EY
XFE] O LCEBROREET ). [HBLT— % ]
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B L2 FHAEOET, 7O EERERL
7z, OB LTER SNz 7 a7 #§EF Tbal
OB ZE 1L IRT. 4 8BE (L0 38E, TH1
), WA (1), BIUSEVwE+ 38 (3
) KowTid, BIcELBEIC L ANEBFHEZTY,
10 BRECY VT VEMELMEEL AT 47 VEK
I B2ENBE LT, TS EBESIER L. TR
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FIIZDOWTIFo 7.
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bya, pya,
phy’a ma, sa

BELCFR4
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Fig. 12

FIZoWT, =27y FEBICL2EREDEERC
LD RHMERLITY, 1 MEMLFELTIZRINL
XFEPEUEH LT LHE SN HAE, B
OB L DB FRE 1 2 S EULFER 4 ~XF
RBOHELEEL. [EEXTH] 2 Y TL LA
A=Y AVEIIL - FATTILER1212
AT TEEBSCERE 1] 1313 (a) 1R T [bal, [pal,
[pha] @ 3 XFH»5H%Y, BEHOF TR LIS 1o
FeXFTH BT TELC TR 2] 2K 13 (b) 1R T
[byal, [pyal, [ phyaJ, [EBICFE 3] 1213 (c) i<
A% [mal & [sal, [EBOCFH 4] 1213 (d) 1R
¥ [dal,[nal OXFOMTH L. ThEDOFIFH
BHEENE, BEZEECINSOXFRTE »
TWb., ZO0, INOLDOLFED ENPHE 1 E
WXFLHESINIBE, HBADT T ACBVThH—
VEERSDHE (F—VHE)S LT EEBoER
BRI X 2 HE GERHE) 217V, 40X TE#E
MNTD. CoHERFEICLY, ThETEFHL W
72 49 LENH/ICE L EBER I,

13 (a) 2BV, AL HEITEEECHE L
GrERA-VEHEL, ORI VOEREE AV,
FT%bb [bal & [phal & — V1T, [pal iF
R—NVEO0 & %5, ¥72,[bal & [pha) EE U &—
VETHFR—VOBERICELVHETE S, F—IVOH
B2 TR NErRERSE, FHOERERICIY
HETS. [ba)] OXFITLEHES 1 T, [phal i 2

iﬂ%g&}ﬂ?én

TSR P UFTE L Ave—T - A8 - FATFIA
Message-interact-diagram triggered by the groups of similar characters.

pha phya

(a) ML EREL (b) BT 2
(ba, pa, pha) (bya, pya, phya).
(a) Group 1 of similar char- (b) Group 2 of similar
acters (bya, pa, phya) characters (bya, pya,
phya).

na sa da na
(c) W LFH 3 (d) BBCFeE4
(ma, sa) (da, na)

(c) Group 3 of similar char-  (d) Group 4 of similar char-
acters (ma, sa). acters (da, na).

13 4 HOBBICFERE

Fig. 13 4 groups of similar characters.

E%AB. K13(b) IKBWT, ¥Ry F XROFTHIZH
SEE [u] #FBE/TABIC, B8 [u] 0HE &5
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[yal L O#EBI 2T, ZOHERERLEULTEHIC
BWTBRBTELIIICLAL Z0kHicLT, #k
WRIPOELFELTFEBELELHE L TEELF
BERTS.

-2y FEEICY2EREDLEETIE, FXXv
b 6,258 XFEH, ELLEEBTE/Z0E6,179 X
FC, THRIZ 8T TH 5. EBRBOEVHELFE
WKCARFEZERAT ALY, kL 99.5% L 1H)
bl 22y VE#EET AV -ERESbeEick

LRFHEODHBRELR LI, BUXFIAT V22
MEREE LT EG LB 0EFEOMEYR
2IZFNBIRT (7L, FlEH 100%DFHEIC
wai FHEOMAERT). BOCFHERMC X

nu,&tf*)tq—wakﬁﬁéi BIIRT. R3ILB

, B EHE LB TOBRRBREEE (v o
E%;Ea%ai P EERREICBIT AN L A LTS
5. BUXERUNOBRERL - XELTEBIVE
BFAEL TERBRBOSWIFEEISERZLD

e
Table 1 Recognition rate of each character by the Table 2 Recognition rate of each character by using
pattern matching with Euclid distance. object oriented dictionary for similar characters.
FE& HEF FE HEF
x| Rt | sEE X% EE XF | aRt | R | x¥ e | mE
ga | 726 2 | bla 15 1 ga | 726 2 | bla 15 !
ca 8 4 | bya 121 2 ca 86 s dra 118 '
tha 44 2 dra 118 4 tha 44 2 rta 12 1
da 698 5 rta 12 1 pa 304 2 *100% 4717 0
na 395 6 *100% 356 0 pha 39 1 &F 622 6
‘ pa 304 16 &t 622 8 sha 61 2 *100%:23k L - ERT
pha 39 3 *100%:R38% L 7. EEF ya 170 1 bra, gra, rda, rdza, rgya, rtsa,
sda, sga, skra, smya, gh!a, gla,
ba 280 16 bra, gra, rda, rdza, rgya, rtsa, la 163 3 gya, hh!a, khra, khya, kra, kya,
= sda, sga, skra, smya, gh'a, gla, 1da, tha, lka, 1ta, nh!a, phra,
sha 61 2 gya, hhla, khra, khya, kra, kya, sa 641 2 phya, pya, rba, rga, rja, rka, rkya,
1da, 1ha, lka, 1ta, nh'a, phra, ” rla rn_a, sbya, ska, skya, sla,
Loya 170 1 phya, pya, rba, rga, ria, rka, rkya, hta 392 3 sna, sn!a, sn_a, Spra, spya, sra,
S — rla, rn_a, sbya, ska, skya, sla, sta, yh'a, zla, bya
la 163 3 sna, sn'a, sn_a, spra, spya, sra, nla 457 2
sta, yh'a, zla
sa 641 6 *¥100% | 1180 0
e 392 3 — oxt [ | PR
e S RlkoTHE - ShORME
nla 457 2 0% L 1o
XFRE | &dt PRI | SRR XTRE | GET | TR | aERE
x100% 1180 0 kha, n_a, tsha, dza, ha, za
; - FiE | 5636 71 98. 7% ja, ka,ma, ra, ta, tsa, a FE | 5636 24 99. 6%
&at 15636 T - cha, s!a, da, na, ba
EEF | 622 8 98. 7% HEF | 622 6 99. 0%
FL00GBRL 7o F& -
&3t | 6258 79 98. 7% &FF | 6258 30 99, 5%
kha, n_a, tsha, dza, ha, za
ja, ka,ma, ra, 12, tsa, a
cha, sta

%§4~,Mm&Lf05%®Wﬁ%§5c%n%n
Y. BAFRRE L7230 BT, 101K 14 (a), (b) K
/“F'?“Ji 9 L.’l%l_@ﬁﬂi L7 L8RS il & el O
TRI > TV, RIGREHDOEH o7 DIER 15 (a),
(b) AT &) ITHEESTEMLA-8F [u] LERBF
DIFRE [yal OBTRE, ZOEBIISETHS.
B D 12EIERAIRINLFEORTRE TN,
AT 0r S IV R, F 7Ty VEMSEE
TH5b C++ 2HAVTIT o728, KFRIZBWT,
ATV MBI X AREORRE E» LT-D),
BB LS VEUXFICH LT, 79 A [
1 #5272 [HUScE# 4] o), #hPhicE
EDRBAV Y N 2EI €I LThHE. FORKE,
HEDERELEZ T TREBROM ENFED %
o BRI L TRFEVFRTH 5 2 L5
oz,

7B, FFETCEXFETFT -2 A V¥ T —AF—
FELTHYH->TWE D, BHRERICIZ S~V F
Var¥a— ¥ PCISOIFA %#ER L, %%%A~
Y L CEREITZAEICLTWE, &8, U1
WEhrz1E %Y%T~9#%li%émbﬁtfw
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Table 3 The number of correctly recognized characters by categorizing similar

characters into four groups.
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EEEE 71
XF | XFE | BUHERL | BOHEH) | &EK
HOOCERH 1 pa 304 16 2 14
pha 39 3 1 2
ba 280 16 0 16
HEXFHE 2 | phya 21 0 0 0
bya 121 2 0 2
BT 3 ma 306 0 0 0
sa 641 6 2 4
BOCEE 4 da 698 5 0 5
na 395 6 0 6
&t 2805 54 5 49

R4 HULFHINOBIRCEVF L LERT
Table 4 Difficult characters of consonants and combina-
tion letters for recognition except similar charac-

ters.
& EEF

XFE | AR BREEE X% | 6% SRR
la 163 3 dra 118 4
ca 86 4 bla 15 1
hla 392 3 rta 12 1
nla 457 2 &5 145 6
ga 726 2

sha 61 2

tha 44 2

ya 170 1
& | 2099 19

®5 HABRLZ0.5%OMNR L HEK
Table 5 Characters with numbers within error
recognition rate of 0.5%.

(a) % i OFE# Y —
(a) Normal pattern of vowel
i.

(b) BE e DiFEHIy—
(b) Normal pattern of vowel
e

H14 LEEBBEiLenfE#/y—
Fig. 14 Normal patterns of vowels i and e.

0 XX.
CKXXUXKXX L. XX.
XX XXXXX XX XXXXL
D 9 S XX, . - XXXXXXXX. . X, .
XXX LXK XXX XX
44444 XXXXXXXX XXX, .. XXX
...... XXXXXX XXXXXXX
....... XXXX R 09909 S

BAROPR B
THEE 9 & o O@@IA | 10
B “u” OEMI A 8
£ 0ft 12
BE 30

BT BDOWEY HIEEIIERMR L R BT T 2
TEOTBLESPNEETHS.

4. ¥ & B

KFRTHHRE L72F Xy PRI, XFEED 1
EHEMOXFRBLITORINEE SR, F/7,
FRy PXFEOEME L CEUXENS L FOR I
BEbE\icd, BREROEHEE. ThoDF,
F7 V27 VRERE OB TH I BELFF -5 &
REAV Y F AT EMEL AT V2 b HERERET
WCEDEEXFELEALL. Thbh, XFOBYRS
SIS ERE R R L LSRR S S e

(a) B u ORIy — > (b) ERFONET ya DFEHE/S

(a) Normal pattern of vowel r—v
u. (b) Normal pattern of the
character ya of the lower
part of combination
characters.

15 #F u LERFOMNEF ya OEH Ny —>
Fig. 15 Normal patterns of vowels u and the character
ya of the lower part of combination characters.

BORHAV v FEITEMMETHILICLY, A4
COBHAV R EEBET S L L CEUXERSE
WZH 72508 A Y v FRBINT AESTE 25, &
DREFEFBFIE D F Ry b XF6,258 LRI L TR
BEF99SR%E R, - Yy FEBICL2ERE
DEEZT TEARBTE 2 b o YT T 232
BEEZMESED LI BEF 1RRBEORSR
D EAER SN

B, KFRIEZL YTV T7 42 M FRy MEEXT
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LSHOBEE LT, FTLEROEBRTRFOBVEE
R T 2 EYLEECBTOND. S5 ITKAER
EEBIT Ny P XBOHBRR T TEEE TAREE
REmEPERT L2012, FAy NEOXERIEH L
RRFEEBNTEFETHS. 4EDFT Vs b
WAL EA LT Xy P XFOREIL, 207201Cd
ROCHEB G HETHLLELZTVE, Tk, XFE
BEFEFIZ LD E LT, MOXFEOEEREICL AR
WKICHTRETH 5.

B AL EDB IS, HEIHKENZ
VT B IR IR R B R AR R IETEIR,
BELZT7 P AL 22020 Tn b EMEEEXR &
FREHEFR, HIRFEIED BEBXEE LIS
B2 LET. &8, KRBTSR —A T
2% (C) OB/ TT-> T3,
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(CPHL 64 8 A 5 HZAY)
(PR T4 9 B 6 HIRER)

Nhg EXE (ERE)

1946 fE4, 1967 FRILAFTE
HBEEBFBEAMEE. FERELT
¥ERETFEEHBF, 1981 £RKHE
fEERT, 1992 EFABEE. XF
REk, ATV MgHT -y R —
AZBE T AAT5ICHEE. BT HRHEEES, HAME
2%, BARHEHBFEL R EEEE.

HEFEF (ELREH)

1965 F-4, 1988 EHIL THE K
BETFREE. RELBEILE
EHEEHEMRIEEE, 1991 £11
RV RRESHMEPIRIGEE,
1994 F IR B THBELHBE
ERRFCET. 1993 £ 5 I TERFEXEHE

BE I B 36
B, A7V a7 5 3 07 ICEERRD.
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st B (E&E)

1945 4E4. 1969 E R KFH
HEER AR FE, BRT A -
V— - T A ($R) Aft. DIESE &
LTUVAT AFRBICREE. BHE, [
HA—=T 2 2F A7 b =iy
R, FT V2 MR Y 5 PR, 1993 4
LRILTEASEZRMEER. OOP, Framework, %
BA7 Yy MICERE R,

Bl EF
1947 4. 1968 EEWF B+
FEAAFBENEE. 1969 FFILK
SR EMELY ¥ —, FREEL
v 8=, RAERLEBEZEE LY & —
BT, 1992 ERKEEM R
e, CFEila  MBICEREED,

A7V MERRENCL 2 F Ny M EEEEE BB 2621

NE R=E (E£ER)

1947 4£4. 1970 EEFAL A
B, 1975 R IRHE 74
BEEINELRRET. BEEt [/
i, [FIEEELBIF. 1981 £ RIEHRL
BEE v 5 —Bh#dE. 1990 £F4&
BB EIE. XERE, Ty R—R, KHE
Yallb—=varBik YAV F 4T 408V aT
V- a VBT AMRICESE. EE[a P a—
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(BT, 2y ¥a— 5757 4y 7 2 | (TR
Y. HEAERZS, BAPHEZSE, BRBEHREES
£, MRS Z Y& 48.




