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On-line Recognition of Cursive Korean Characters
Based on Hidden Markov Model and Level Building

Sang Kyoon Kim' - Kyung Hyun Kim ! - Jong Kook Lee '
- Jae-Uk Lee "'" - and Hang Joon Kim ™1

ABSTRACT

In this paper, we propose a novel recognition model of on-line cursive Korean characters using HMM(Hidden
Markov Model) and level building algorithm. The model is constructed as a form of recognition network with
HMM for graphemes and Korcan combination rules. Though the network is so flexible as to accomodate varia-
bility of input patterns, it has a probiem of recognition speed caused by 11,172 search paths. To settle the prob-
lem, we modify the level building algorithm 1o be adapted directly to the Korean combination rules and apply it
to thc model. The modified algorithm 1s efficient network search procedure time complexity of which depends on
the number of XIMMs for each grapheme, not the naumber of paths in the extensive recognition network. A test

with 15,000 handwritten characters shows recognition rate 90% and speed of 0.72 second per character.
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(3 2) Hmmoll 218k
(Fig- 2) A recognition network for Korean characters based on HMM
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Algorithm(Back tracking)
Begin
level=1;
back=T:
while (level Y 0) do
begin
Woewery = W (level, back):
back = Bllevel, back):
level =level — 1 ;

end
End
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(Fvg. 4) The modified level building for Korean
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Algorithm(The modified level building)
Begin
for /=1 to 5 do
begin
for g=1 to Ql/] do
begin
Initialization(/, q);
Recursion(l, g);
Termination(/, g);
end
fort=1to T do
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begin
P, H=max[PU £, )]
q

B, )= BIl, ¢ arg max P(, ¢t. @]
q
W, ) =arg max [P, ¢, )]
q

end
end
End

Algorithm(Back Tracking)
Begin
if(P(3, 7)) P(5, T) then level =3
else level =35,
back=T;
while(level ) 0) do
begin
Wieoan = W (level, back);
back = B(level, back):
level =level—1;
end
End
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Zaeltt. A4 e fe P dEeR 99 BAL R

<-E ]> DI—IA_I% “6‘]» 5‘]-.? lH lr]nlﬂ g %‘.a
Table 1> Recogniti t
(Teble 12 Recognition rate (a) (b) (c)
a9 dolg g 294 FOd Fage
£ % # % # % (3™ 7) 2y 2R o
B HlolE] 5000 94 19 0 00 4906 98.1 (Fig. 7) Examples of the recognition error

A Helel 15000 1205 8.0 268 1.8 13527 902

{H 2) 0l 2R REYH|E
{Tabie 2} Error ratio according to error types

Pavwge b ovpt vt areghater g.ﬁ. ‘Siog}] Q% _E_z].z';_ B]—,% (%)
v 344 g7 919 62.4
Al o 2 slag 2 2zy 417 28.3
"\ A é%i %é g % 137 9.3
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’%7‘ 21 32% @/5), A 1473 100.0
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{Fig. 5) System layout B ) gy AP S o) &5 B wyo A9 Q1
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gel 5 L
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x4 43 F4 (sec/char)
4 9 g 0.2178 81.45
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10 15 15 0.7231 90.18
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(Fig. 9) Recognition of Korean character ‘CF(da) using level building
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