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Abstract

Our research has originated from the desire to facilitate the work in coding/
compiling Buddhist texts from their original Tibetan scripts into romanized
form to encourage Buddhist literature studies by using the present-day computer
assistance. As an example, we have used a 30 pagesvolume " rGyal rabs gsal ba'i me
long " published 1993, to perform fast character recognition experiments based on
the analysis of Tibetan syllable structures. It is hoped that acomputer system
capable of fast character recognition will be used actively by all scholars engaged in
Buddhist literature studies.

The result of the experiments performed is that the segmentation rate achieved is
about 99.0% for 18166 characters, and the recognition rate achievedis about 99.0 %
for 17985 characters with such a speed 2 or 3 times faster than the ordinary pattern
matching.
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T 1 %X et B I SIERTEHEIRE T A

Instrument Div., Hitachi, Ltd.
T2 RIUETHEXE  BEIFH

Depart of Electrical Communication, Tohoku Institute of Technology
T 3 ALPEEIRRIFRMT A FRKFE

Japan Advanced Institute of Science and Technology, Hokuriku



1. FC®IT

BE. FRY METRHEINAEERLAXO—BEEITERZTEREINATED . Zho5DOXH
DL -4 THEBRRBELTRLLENS BEAFRy MEENSERETNS ), NB5IXER
HOZNWF ARy NELXFEIZH LT, BUXFEORFRICLD 4TV -TIZHE L. EhZEhOTIL —
TEIZRHAY Y KEEBICEEEZZLICL D RBHEROMLEBELE, ZOFEICLDEICER
At L PRBMEL D EREINIO%ADRBENBONE I LERELTNEZ) , LHL, &
hebhEEaEAE UEXERHE L. HEXFOHNEZ DL RBRENFBCRIEVSIRAD
BB, FRY NEESHFRETIOE21 -5 EBVTFRY MARXEANSRELS THHO0—-Y
FALHRT BIEE. FRTZZDILE2 - FN-YFIILIVEL-HTHD. KEOXH%E I
VR4 THEAFEALLLS ELEBE. ZONEREL. AARBEIZE 9(%#&'@3&“&3%&&9 T
ETW3,

ZITERRXTIE, FRw b
XFOFHHEE (K4) BB R'ﬁﬂ'ﬁﬁ"[n’ﬁ‘61'5'N:ﬂ'gﬂ'ﬂ'ﬂ“ﬂ'ﬁ&'u'm' h
Lo TEBHOXFEBEUL | oo m b R R aa l Raga
S OWEERIIESNT, &7 BT RIYRS FAfR Ry R aAT Al §age
15H/ s~ oxErnsE (RREgey  RyesaaYalsyawigiep iy sew
HITo TRMAR & 1 2R N T o v v (S N— o
FOUSAERD ., BEHPDE ik ¥ i LA %ul RQN m i §'|"| Fraes Q LAl
wEoRE oL TzhyE | NN Raaiggvalesyquagaaagege) g
T2USAOHBERANENY Qn-hm'q_nwgn'u'gn'im'awg'gq'nqQ'S'qlmﬂwu'&wnnf
- RYF T EITOTLS,
AFEL. BHEROXTREE K1 BERRCALEF<y LEEXROSSIST01H
FIZITWL. DLWTER/NNY —> Fig. 1 An example of paragraphs in the Tibetan texts used
EBAT 0D A% 3) Ik in the recognition experiment.
LTKREREREMERTFI NS,

PDHERT(E. FRw MEEXH (T ERIHE o BiEHER1993 ) DI0ER ER#MART —%
ELTERALE, ZFO—8&EX1(IRT, FRY MXEIZRETHERZ LS. 1 EHEMNTXFR
HELRIThERSARL, 1 SHERYVEEERLUXBMA LRI XEHIESER 1 IZEFAZREXENTR
LTW3,

2. Fxy pxg4 5

FRy NXFIR2ICTTLO50 1 EHEETTEIND, 1 EHXFOBRIELRIOFELL B
E,. OBENEEBFHN GBS, HAZ0FFLI4BFARIIITT,, EXFEEMARICERAEDE
XEHNBEBFETH D, M2(F. BHEZENEALBEDOFRY MM BEHXFOBEERLEEDT.
EFFEAIOFELLIZIEEBFH SERSIN. EFUNOFEFEEXRIO FEN BRI, FIIE
FlETgaj. Fdagj. Tbay. ™Tmaj. Na) O5xF. #FEFETgas. Ndasj. Mba
J. Tmag. Tayj. Tgaj. Tnag. Tralg. Tlay. Tsay D10XFE. BEEFET
dai. sa | D2XFTH?, EFIF10EL LD, BELESIL. EFOLBIZHAERS i 1.
Feyj . Toy . MF< A FEIFEFOFTEIZAERLS Tu MI<, Tabs. LEBHIEERE




8 F
(i,e,0) ﬂ" m q" 3 & E
ka kha ga nga ca cha ja
THF
73 5. % 5 § H.4
nya ta tha da na pa pha
HiBEF X = 252 By
g & 3 & E g @
ba ma tsa tsha dza wa zha
s 34w gy
B 7' za 'a ya ra la sha sa
()

~
® | & ] &
M2FRy PXFTRDINEFRY ME 9 4
@ﬁﬁﬁﬁ ha a i u e o
Fig.2 Structure of Tibetan syilables expressed 4 BFE
with Tibetan script.
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Tibetan scripts and the ways to extract them.
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nga da khyu

Ratio: 0.97 1.78 1.93
Size: 21.24 26.39 31.33
Cym: 1.79 1.65 3.02
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Fig. 8 Examples of values of three features
about two basic consonants ( nga, da) and a
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6 - :

Complex character : O
Simple character : +

0.5 1 1,‘5 — 2 2l.5 3
9o B@XFLEHEXFOY/X - Cym FHEL

D53HR

TE o X2HH. 2 DODEEEDEA A TIE. Fig. 9 Distribution map of simple characters and
BHHEBCymESizex AL\ 2 & T EESFFENUE <. complex characters in the Y/X - Cym plane.



3ONKEHMBEA L E LA ULEREDOSEKT
HBZENDN Do
SRR ER W T BRIXFIS A &

Complex character : O
Simple character : +

EMXEI SR EOHEDY O—XBLV -

F—TOEROERERIITTT, RAITITE = 3
TR Ic L 2B EXFEETT . FEINAD .l
HEIFRPEINEXFERTH D,
it
4. BERR 010 1'5 éo és ab 3'5 40

Size

DR ERBXMT —VEAA—TRAF v T
TEDAH. XEHOHELETo . XFEYNH 10 EHXFLEEXFOSize - Cym FEH L
LE ($E ) 1499.0%T. ELLIhHLEN 0RHE
£332=2FF. 17985 XFIZ DN TRHEER%AIT> Fig. 10 Distribution map of simple characters
o and complex characters in the Size - Cym

AHXFENG —ox gty —ox ) MoE
gatEiEst (3) oxsmpEs(l) 9) 2@Le,

plane.

s =cos@W=(x, xD )/ Clxll - Ix @) - (3)
(0o <sl) <1

%2 BERIPBRICLIEHIFLEEAEXFO
EBaWm¥K EAAZHBIRD E)

Table 2 Number of misclassified characters

ozt shiznsaujox) e xhxen
MOEMBUEERDT . ANXF/NY —x(E,
32 X32RTD 2WRAD Kw Ny —> L. R
CRTEH TR AT 248y — ox () (
HE) COEMEREETS . HEOMEMIL.
=BT —Y30ESOFICHIR L332FFE(T

between simple characters and complex
characters by using a linear discriminant
function, and a number in a parenthesis

denotes an error rate.
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Fig. 11 Flowchart of the process to recognize

Tibetan scripts.
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Cym, Ratio 0.9% 09% | 80% 8.0%
Cym, Size 0.3% 05% | 63% | 66%
Cym, Ratio, Size 03% 05% | 61% 62%
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Table 4 Characters misclassified with those two
linear discriminant functions which use two and
three features, respectively and a number in a

parenthesis denotes an error rate of the
corresponding character.
HURY | xromm | BAW
1 2HMR | Mgy 22773
Cym, zha (32/37), ha (1/7), na (3/1074 )
Sire P 21277 P36TR
shwa (9/9 ), rka ( 4/4), dwa (2/2), mga (2/2),
gra (20/23 ), rma ( 10/14 ), rtsa (6/13 ), zla (
7/16), kya (13/37), sra (21/69 ), etc.
IR | MR £27F M P3TH
Cym, zha (30/37), ja (1/4), na (1/1074)
Ratio, > cd £127FHI7FR
size shon 019, tka (4/8), dva (272), g (22)
gu(17/?3.).m1l(8/14). rtsa (4/13 ), zla (
7/16'), kya (11/37), sra (21/69 ), etc.
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Table 5 Comparison of recognition results obtained by the 4 types of recognition

processes, respectively.

e PESE-S RESS

- MBS | svonw | wisi Epire
BBEMXFH 141 310 405 398
wiE 99.2% 98.3% 97.7% 97.7%
HEEEKIANXF 3320 1373 94.2 94.9
A 1.00 2.39 3.34 329
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Table 6 Comparison of recognition results obtained by the ordinary pattern matching
process and the 3 types of new process formed by adding the final stage F of
the flowchart in Fig. 11 to each one of the 3 types of recognition processes
except the ordinary one in Table 5.
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2 Kk 3%aE
o HEE | BEOAR | Wi RIS
BEMSCTEH 141 159 213 214
¢ 99.2% 99.1% 98.8% 98.8%
b > 2L DB
ez ot ~ 792 922 933
HEEEL LADXF| 33, 1552 116.6 1159
B e i e 1.00 2.33 2.97 3.02
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