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Abstract

In this paper, an algorithm for the on-line recognition of handwritten Hangeul is pro-
posed. The strokes are recognized by the minimum distance parser. The phonemes are
separated by the finite-state automata resulted from the state graph of phonemes which
are produced by the order of strokes,

By simulation result for 3,000 characters in practical sentences, the recognition rate of
strokes is obtained to be 98.5% and the separation rate of phonemes is obtained to be
92.5%.
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Character

Phoneme Phoneme Phoneme

Stroke Stroke Stroke

{a)

e v €

/ A\p
(b)

A1, 49 74

Fig. 1. Combination structure of a character.
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AAelds ohgal Fe g4z gt

1) 488 o =4

Tableto 2 ¥ 6] HAfFejg §Jads= a4 H39
ol A AelakH el o sle] dEYstn, o] FT F
Hell shvto] ulek zeg Fojgch olwl wEtzo
a7 22 Bulgk Freeman #Melzel§ Ab&gch

e{z)
n(3 Bl1)
£(a) al0)
F(5}) w7
G(6)
g2, w3 o

Fig. 2. Freeman's chain code.
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¢ aAsigsh 1 B4 Jhew THH ol n
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A B A

_L\u'_’
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Y3, 2Fand o
Fig. 3. Examples of correcting the winding.

Table 1. Correction table for winding.

Winding | Correction ||Winding | Correction
ABA AAA AHA AAR
BAB BBB BCB BEBR
CBC cCce CDC CLC
[Ho ;00 DED DOD
EDE EEE EFE EEE
FEF FFF FGF FFF
GFG GGG GHG GGG
HGH HHH HAH HHH

Wik ez 7l FAL U e £59
Mg gers x3eia glck §3e Helwe TEH
4 459 F8% vtevlgelia FHY $¥ncs
A e # A8 {reduction) 7} H g ok 2z B
g HidhE 231F F7F Al o7 dEe] EAahde] A

4+ 2E F8 IoldeR s
.
— - -
L
74, #H AR Qi
Fig. 4. Position operator.
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Table2. Reference of strokes.
No. {Stroke |[INo. {Stroke
1 | i 4y
2 — 12 8
3 / 13| €
4 N 14 e
5 4 His| g
6 2 Jlis]| m
7 d 17] ®
8 2 1B ©
s | umnfls] &
19 L
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(21} Hedd G

Gm (Vn, Vi, B, S)
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PrEzed & FEdd
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(H23) del A FoAgl 2 ol NeolE g Yo
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1) waw Ts Sfa.b)

""" wib w,

Te D(a) "

3) wiwg I—M W AW,

o17]4 S(a, b}, D(a), l{a)E 2 HEH slojo
of o] flo|E€ ALg Wl Al de $hE F g

2) wmaw wy

a5, AL e el
Fig. 5. A state graph of phonemes.
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wf slojelx HaEA (G, x)E A2z Aogeh

d (G, x) =§n{k§ w] (2)

V. Xae 23 ¥ o4 Fn2E

1. A44 74

ZE a4y HrA EFdWshe g fMe wdet 7
Aele A4 Ay 1alzE F¥E 4 gloh Y5
£ 2 ollE 2alch d714 Az £t g9
HEE vebiel, d4dE $a ARE depdch

Ao Fzaee E3 2ol ALl =& 10
A, 2z 22 2¢2L 44, F WA g
Lo o5 7R 4T A%y Aiolt {YP R
2ot £3 AE, 2l AaAEEE shiel a4z
A4E F5 o} E =Fode 28] a4@ch

H 3. A4 3FAH
Table3. Reference of phonemes.

No. Phoneme No. Phoneme
1 1 15 3
2 [ 16 F
3 o 17 1
4 & 18 q
5 n 19 L
6 W | 2 n
7 A 21 T
8 o 22 Jr T
9 E3 23 -
]
10 EY 24 |
11 3 25 H
12 e 26 L] |
13 L3 27 1
14 & 28 4l

2. #%- 4l 2 Eo)o|EL(FSA)

PAAN FAE Ao Ao 2o )z
FSAE T4 %

FG- A LENE AL cHgw Aol Felghepy

A=(, @ M, Qu F)

99 Aee S WY

QA HY AR

R ER

RES Y

F:ga 4 A

F8- 4 eEololg g 2doz EAH 26
st ze) Eadeh
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Finite
tontrol

T Ed e —input head

Ll e a2l o] T ] ¢— tnout tape

286, e 2EoE
Fig. 6. A fimite-state automaton.

27 el Qold U Z1EE Pohgold ©d 4
W Qo Aol olfojqrh olFg Wy Y4
vhebd s

M(Q1)=Q Qu@€Q 1€n
of "k vhal oA g Ao 2=z vhehid 297
o] He,

1
—®

a7, M(Q,, 1)=Qu 8l 4 Az
Fig. 7. Graphical representation of M (Q,, 1) =Q,.
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1. Ag Aad
Age vlolaz HFHE AE3A A Ealold &
oo o sk 198 o) veldch

Phoneme
Separation

Stroke

1
Tablet Recogniticn

Prepracessing

OB, o4 Alkd e Az
Fig. 8. Block diagram of recognition system.
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wi-FN
Fig. 9.

130,
Fig. 10.

o9y Tl 2o

Example of input character display.

FULOGNIZED STROKES ARE
+3 k3 41

SEFARA FED TO FHOMEMES
717

RECOGNIZED STHOKES ARE
+17 23 %1 k3 w2 LW

GEPARATED TU PHONEFMES
8 21 4

S Al g79 FSA A2 A

FSA processing result of “4-8",

2. A% o 2%

A ﬁ 2} o‘_lu‘l.Aél .%-

el

al

q.
Table 4. Recognition rates of strokes.

2 dE

veriz] dsted £3 E27) of
£ag 4oz sl F 300000 AF
214 A3 élhgl ok

Stroke Recognition Reject Misrecognition

No. Count | Ratio {ount | Ratio Count | Ratio Total
1 913 | 99.89 0 0 1 0.1 314
2{—) 823 | 99.88 o 0 1 g.12 824
30/ 137 | 99.28 0 9 1 0.72 138
2N 240 | 97.96 0 0 5 2.04 245
5{d} 112 | 94.92 1 0.85 5 4,74 g
6(p) 32 | 9412 1 2.94 ! 2.94 34
7id) 15 93.7% a 0 1 6.2% 16
Bl 42 100 ] 0 0 ] a2
() 255 99.61 (] 0 1 a.39 256
10{ 1} 213 | 971 0 0 5 2.29 218
1w 75 Jldd b 0 0 U 7%
12(8) 12 85.71 1 7.14 1 7.14 4
13te) oL | 9712 3 2.88 ] o 104
14() 7% 100 0 0 0 0 76
15(8) 58 100 0 o 0 il 58
160} 25 106 0 0 1 0 25
17{8) 168 97.67 2 I.16 2 1.16 172
1800) 126 | 93.33 4 2.96 5 3.70 135
190%) % | 96.8 5 5.50 4 3.67 109
Tota) 3473 | 04.55 18 0.51 kX] 0.94 3524

Ay TAF g9 8002

ra% Az 29
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HEGAgdTo Kok EaiM GF A 2ol B

AER 98.5% Ax Eslev 44H3 Hze T4
b Zef 2 dAE ML g T Aud A
ol Halel ¥em, a5 (reject) 3l AFw 54
Mgy et o4 B5 AANE A 10z
A sielor] HaAwlzl o] ghs 2oy AL U &
wog shgrt

B 5. Aie ¥yw

Table5. Separation rate of phonemes.

Separation Reject Failure
Total -
Count | Ratio Coum] Ratio Couﬂ Ratio
S|
3000 73 243 153 5.1

5% Ao Fal o4 ASE bepdch QAR
5 FAbe Aol 4 A EelelME AR A4
A ok AFela, 2oldgl FAF FT(O k2% 1
#9) = Z (9% 2+ 1 %59 g A LA 2
o abzl 8 Holsbul Fe| shzsled, 9 (17x2& 1+
-4 (17% 2% 1+ 1)%9] 2004 271 gt 2
# (scaling variant) & by 14 2b5shd. 2 92
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