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A Recognition Method of HANGEUL Pattern
Using a State Space Search
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ABSTRACT In this paper, a method of separation and recognition of phonemes from a composite Korean character
pattern through a state space search strategy which is a problem solving method in artificial intelligence is proposed. To
correlate the separating of phonemes with their recognizing, the problem is represented into the state space, on which a
search strategy is performed. For the minimization of search area, the structural information based on the composition rules
of Korean characters and the positional information of phonemes in the basic forms are used. And the effectiveness of the
approach is shown by a computer simulation.
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el FADE FHaha, Aol el Als
—;” 7} al— 0} 7]

Rt}
ol
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o
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O

@2 FANE A EAL 2ol
Q) 7heh P2 u o} 714 6 Al o] P2 ol 4
7t Aol 9248 F o] Fahe

O. AefSZHEHAHol| 2|8t 22X E0l

A} e} 7 7L ek AW (state space search) ol ] g &4
(problem solving)utAl-& =&, A, 59
AL v Ze gL A5He TAE Folstr]

2 o] # 7|5 (artificial intelligence)

ol A FA ) A o] 7ol =& o] k. o W
2 ow g F4ld ofste] #E v AHAE
tha] 2] 8 =2 o A ol (trial-and-error) k¥ o) o]}

ol FAE siAsle Aoz, sHS Aol

o,
)
oL
_xZ:
lo

%Xﬂ 6]"1’:‘ %7\1'% %/‘l,] TS‘}-O?] fSH (SOIUthn)—% ilo}.LH
= pdoleh, o} ) A Abel g ol ek T @ Al
HE o) slgl S Aol AL ofn|ah
73

of of Fhet, Al F A FAEEHLZ (S, G,
0)e] Al +A842 o]FojArh 4714+ St
z 714+ (initial state) 24 F-A Fol & fgt 2 =
o] Agjol ., G B F Ad| (goal state) 8.4 =7]
*LF/Hi—rE] N 1A 8FE s o, Od= oI Aka} 2 A

3 AR E oh R Al B BT = L F Y et

-
& 4 ek

el ol kA A -3ho] ohe- e E Ao
e 242 2 (expand) o)zt shvf, #35

LOSEDz} sta, 4 5lo] 828 7lefe] & =2

A 5-¢ 2J~ = OPENojz} g

ezt A ol A e = 7} 3tk
el A 2k (search strategy)oll &= 2] &

S F TR Y] mevl AAE AN
7] FEl

G

<

8}l 2] 7] = bl o] 941 (breadth- first) &2, OPEN
& Aul Tz odsle] AhAk Aol A =
2 oz 3ar) 7= 7] o] $-Al (depth-first) BFA,
22} 3 OPENe] 9l =5 % FollA e ol
7t A == 5 ki dcksEle =25
$Askod slaba]7)= 7 8 A (heuristic) B o]
olch o] Mkl 4= OPENe| == Fof &4 &
Ae7] sted Al(1)el 713k (evaluation

function) & o| &g}

f(n)=g(n)+h(n) (1)

o714 f(n)& = no] §tAdS £x8 38
g #H7hgkol L, g(n) 2 2714 e o4 =X n7bA|
Fan & ZF A7) Slete] £2% AEe g
74, h(n) & == nof| 4] B F Al off o] 23= 2] |
Aol gt u| oz HHA Py ode] AhE
gk o1 7141 g(n) 3 hin)e] f(n)ell === AeH
A oulEe A2) 2 vebd &+

o gk

[*F

f(n)=(1—a) - g(n)+a - h(n), 0=a=] (2)

o 7|4 a7} w9 A4 a=1°] 5|™d F 3 Ae) o
ol 7] ‘1’]0}-0:‘ AH A A gofut 9]‘75 e A
& & A

7164 01—9—0}2] 23 = 71_?—3/(1 37 ;‘—__c_g]
o iz HaHA A2 v Lnkg 25 A
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ol a=(9l 7 < gt A2tg B3 FYUH &
(uniform-cost) ®4 o] 2} 3hw, gHE-ql 4| 7} FFo]
FEANE vlel-dEFY F glolA] EF Al
olz+ &7 2ol g A& A A M (heuristic
information) & A& 4 ¢+ BFol HEE &
Ut FAdr St o= S o2
# 4 v] & (minimal cost) 7 2§ %7 Y3t 4]
(3) 2] u]&3h4 (cost function) & o] §-gkc}, of 7]
A g(nj)-2& 271456 843 == nj7t=| 9
ZAzvgogH nit nj9 Frr=o]x C(nj
nj) =% nioll 4] X E njo] o]2+& A2 v &
3ol ),

g(nj)=g(ni)+C(ni, nj) (3)

ol A FAdul Lt A uhs4
& AFehant o] HAALEE AAFA
A &37] AAE HE 7] g g
Fol #eld Fof Holojok 3oh. F HM A S
(search efficiency )£ 3ArA1 7] 7] §]3ke] B} o]

€ FHa3tste Azbo] wialE ofof &} o] &
—Hﬁ& ol gh 7o) & Aldsle Wy &4
> 5 Agshe g Fol O of oA
o] Alxl A8 A3etn, Hivj e 5F
A AT wd oz A B Foi
t & &§ kA7l

n‘“ -'\o r}r

0. Aef 32| EMEH

1. E0|g EHMAMH

A EollA] AFE vie} o] FFL 24 X}%
32 E, -"r“- A FAANLor 2¢He
FANE P A (4) 9 7ol 2] 2 E (list) & 3.?8%‘
4 glomn o] gAES Y4 (elements) Ci, Vh,
Vv, Ct 77} 24 A2 (initial consonant ), 433
=22 (horizontal vowel), 42 = 2 (vertical vowel),
ZA) 242 (terminal consonant)-& ¢ju| gl 18
dl o] a5 HBVE T4 ]3—"7]-‘“‘ vhe}
W Aoz, o) oA 7| EALE d4R de

gAERA 2l2E P A Be|AE (sublist) 7}
et
P=(Ci, Vh, Vv, Ct) (4)

AnglAE Ci, Vh, Vv, Cte] J4F ei(i=
Lo, Kyet @ o, Y eidf dlo] g F2E A4
FHop 4o A7 WA E o] &35ke] A(5) 8t 2o
FHdct

ei=(code, nodel, node?), i=1,":+, K (5)

o 7] A codet 7| B Al 4] ek 2 A AFAAL
A (slash) & 1, 2 A 4 (vertical) 2, GALA A
(back-slash) 3, 3 A 4 (horizontal) 4, A& Al &
(circle) 58] 44§ 7=t} 28] 2 nodel ¥} node?
T A4 Ao A A T3 9 vhe 24 (feature,
coordinate)e] F Hxr g A ®Hrc} o] 4 fea-
ture £ A4 QA JAE el FH 54
24 (end), +A A (corner), ¥7]4 (branch), az}
A (cross)®] 442 z-A| 5] 31, coordinates N

N wiegla HuioA EAAH A& el =

z} F o]},

de.:
LJ

O3 dAE AT AAEA
Sample Problem for recognition,
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NP=(a, b,c,d, e f, g h, i}
Ci=()

2. ZE7| AN AN
of| A F-A) & A F7kell B H 3] Ysto] $AA
L2 17]”"41 SE A A shed of ghet, o] & 9 3]

B l?iiff}l, w8 S 5ol 4 | Fsto] o %
oz AYHE +AMLE +22S Fuz
aho} A(7), (8), (9)ehtol 27 4el g AT
.

NP=(a, b, c e £ g h, i ]j
Ci=()
Vh=(d) (7)
Vv=()
=()

NP=(a, b, c,d, e g h,1j)

Ci=()

Vh=() (8)
Vv=(f)

Ct=()

NP:(a; bv G € g, h’ i: ])

Ci=()

Vh=(d) (9)
Vv=(f)

Ct=()

3. SEAE MY
| A EA ol A W Zpe] g A AE 2|4 B9
Ciz,'1’& 432 g g~ Vha '} & 44
2 PaE Vva 'WE 2ARE gl EQ Ctr
A7zt SHAES Aol Aoz FEA4H G
£ A(10)3 2ol AT 4 AUk

270

\-g d

NP=( )

Ci=(a, b)

Vh=(c,d, e ) (10)
Vv=(f, g, h)

Ct=(i, j)

4. HALEX} Heof
of| A -F-A| ol A ALel| F7bof] 2T & Bk}l ok
3ty A& NP9 148 ABg|Ax Ci Vh, Vv,
CtFe) 3 gAE2 $7& Zolch whatby, odab
A ol Y AER F7|=7tol et ok g1t 3ol
oA E A 4 ot
(1) NP-TO-Ci: 8]~E NP2 g4 & HJua|lirE
Cig o]&%
(2) NP-TO-Vh : 2] E NP9 945 xvel~
E Vh& o}%
(3) NP-TO-Vv : g]A2E
E Vva ol¥%
(4) NP-TO-Ct: 2] 2E NP9 /145 AMBLE
Ctz ol %

NPl f4& Auel

N. MEfZ2te] SEEA

I M=o B0l =

271 4ol d Fsted SEAEE Hold) B
2 A%ele AL FAE 249 4 ook
| gt e g]eo] Alel] T (state node) SN2 &H&
T2 FA e 2 A4 71 Cl, Vh, Vv, Ctel gl
ez o9 gz 4113 e i 2
2 BAM

o

~a

|

+

SN=(NP, Ci, Vh, Vv, Ct,Ci-B, Ci-R, Vv-L,
Vv-P, Vh-R, Ct-U, COST) (11)

o] 7] 4, Ci-Be} Ci-R& 249 H3lct iz #o}
24w @geln, Vv-L& £23128 #zcl jzt
g, Vh-Pe #9428 #3489 1 #35, Ct-U
= FA4AAL A izgd, 2e]x COST=
A7 A] 74 2u)Bo|c},
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2. HMH Aol XA}

At Al et AEE o7l daaE
g3l = &AL Y3t 714 Fed
AL 7bsgt 4 2 v fo] AL r=ab-g 843
o FAPA g H4 2 3t Aok 28l &F
BE FAstE g AL #5752 4 de HF/E
A2 A A A4E 2 AR e 74% 4n7) 2]
EF7HsA ol EAE olejd B E H$-E HY
e AL v E g oot aepi o “?‘_'—PJ:‘)“"‘]':.
g2 2he] 7F Aol o dhe] N%N ol E 2] 2ol 4
o] A Bl abl A4 726 fo] F FAN
o g3 AT Ao Huis = FA =L g
A171 2 v e g godod-g Al
F 3 Aelxx= o 7208 (4(11)04 COST)
£ Mrel2E Ci Vh Vv, Cte] 44 50] N¥N
azle] EZ 2 HoA oY A 9 37}
ule} A EC o2 Bud 2AzL Cig & A4
ezt ‘o’ol Ay ‘m'duf olo] i u]BALE9
o= 27 29} 2eh

if| middle-i(e)<{ N / 6 then Cost<0.0

else if middle-i(e) <2%¥N /6 then COST<0.1
else if middle-i(e) (3%N /6 then COST«0.5
else COST«1.0

38 2 vl g449 o
Example of COST evaluation.

o] 7] 4 middle-i(e)+
o 8} o] AHAH & 7 A4 o COST & A& ghol
kol Haugoax FiE EAFE
Axrl ®coh gl x5 P4 gl 4
(3) o2 7 2|8 Al Atsle] OPENe| 5547

I, o3 8344 === OPENo A #4u] 9]

ke —‘é—/“lﬂiﬁl- TSR FY sl o)
FARYE Y o) ot ghdojod g 454
2

£33 OPENY 2xu]§ ==§ 447 o

$3h53 RE 22T A E AAlel 28
FAol A=A e wEut A4z
g e YRk o & S 2l 2E NP

A ed] F4 iztgold

9 AL ed 24AL CiE &7 i
NP-TO-Ci 7} 457 ¢+ A%+ 29 37
Ko

if bottem(e) >Vh-P

else if right(e) >Vv-L

else if center-i(e)) Cl-U

else if bottom(e) )Ci-B and (HAVE-O(Ci) or
HAVE-M (Ci)

else if up(e){ Ci-B and (primitive(e)=5)

2% 3 NP-TO-Ci dd4bat7t 4 £5)2) £35tE of
A ill-operation of operator NP-TO-Ci.

o} 7] 2] right(e), up(e), center-i(e), bottom(e)
27 A4 eo] $u BB 4} 5 kel inE
o| iL, primitive(e)& A4 e9] wldkzc HAVE
O(Ci)& & AFsholl 4 2428 Ciol ‘0’0] Z443}
w TRUE, 2¥ =] gfow FALSES 223},
HABE-M(Ci)+ Ciell ‘n’e] &3} TURE,
1A ko sl FALSES £33t: dh4olr)

3. [HELE THI X404

Y4 34 F FFece A 94 gas
Vhet Vvel dagol thgn e 43 e e
FARZY 2¢FA o LatestE HA G
AN AT 25} o) WAel o ok,
2 xE o]u] 2ErsAde] gv & o]lB g
o] o] At 2hab-g &1 A] o) 18 2] 9t o v NP=
¢7t & w7tz #4& ALt NP=g 7}
9 A 2L AEste] Ql4o] =
F3 =2 3},
(1) 4% 2& 2% 72 : 4% 482 140,

27 el a1, 43 H¥-L 270 o] 3}o] ml, FHEL
T FHAEL 17 o) sfolr},
BFL B AFE o] Fojalng 94 e g
ZH§AA G obg A& A g} =g Q4
2|2 E Vvel Vholl 4 4ol A9} 9 =)o upet
FARE FHESS 283 F, 0158 AR

2n

mjo
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el 7} Bl £
% 7 S0l &=

& A% A8 AN S mgd Aol 4T3

Pr
Ao} A7 & lo] EAloh Aol 43

" A A
OPEN=¢ o] 270} & a7} 3+
A

Aoz del

B L ALY FF

Kinds of Korean phonemes

2 A =2&(Ci) T, M, -, T, I, 2, O, H W A,
MO, X R X F E T F

% 2%(Vh) [ 1, n, + 7, —

A BE (V) 1 b F 4, 3,00, 8, 4, A

A4 =2-2(Ct) .7, L, B2, 3, H, AR O,
R, &, T, B, ZETR KB, @,
oM, W, BA, EE @, 85, HA

a2l 4

212

[9m 23 |

A4 AejztAel 585
Overall procedure for simulation

V. Ay & A

AR AlAE K2

Abe A A AL 2 45 @
o}, o] el Ze Caolz ZAstel IBM-PC
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3, 7| BAA£F AL s A 5L A Lo
wfFol| 2 A A4 olti o] P\ A4 g Aolslel e

inner boundary)o] |3

I} o 5 73 A Aol 4] @) ¥ 73 Al Al (outer boundary )
o2 B &w % (profile)”} ¥k (crescent)
zyol Mk EAE o) &siich 27 5(a)
Hedo A APAAE —°r/‘4 #Z2¢ A3 2¥
5(b)elct, Alqks >

Zefoll Aokl ol

H, °]'x ﬂ—u%ﬂ 2 31"“3
al¢el
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rl o
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é
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< 74 3}% %:: sh4of] taled W} Wldko g
Eoig Eod gt qa4mﬂ£ﬂb%%4ig
F e st 3=Por Hie Az 7
3t ko] Al 4ol 1&54#7}_ by
3 Fe) ehAl 2 A wakad g
Eol whe} iAo wepsinlow
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el B A R T
} ; i } i i }
a2 %!’ " ’ [
(a) (b) (c) (d) (e) (f)

a8 s AxA s of

Result of preprocessing,

shluk Al Rl A& 7 gersel el A
o)Al b dart A4 EA s 2A4eto] A%

AL 74 AE 9N E Antote] ARALT
225hE abAlo)), o] el FE o) gate] 23
5a)e] BB oz HE S RALE 2ot 47

(a) (b)

i
] ';"' y '! . .
i i._.z }‘ :
H i el
(e) ()

28 67 2ok -4 27 6(a)9} o] YA

Jy 6 ZIEALE 353 A4 o

Procedure of primitive segrments extraction
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FAAL, (Do) A4 Az, (g)]
29 #42 2Eqch G4 S EAL

273

s

o,



SEELE IS4 AR CEE'90—4 Vol. 15 No. 4

AR CATE 2 A
Vvg, 281 ‘o’

ke 29 7(b) & ‘4

28 FA

ol

Ciz, '}’

25

s

Foi el atatol o

2L

s

FHAe o) g A

E1
T

2l 5(a) )

A=
L

o] Vh=¢ o}c}.

o
i

AahA 257wl

=
T
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w

o

12 9

A AB)ol HFE =, A 7HA o]

Vv

Vh

Ct

Ci

(a)

NP

Vv

Vh

Ct

Ci

(b)

Z71 4 el o) B Aefo) kX
Nodes of initial and goal state,

%7

2

i

]

iol

t

3. Ao oy

[
o

Aol o3

o
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Results of recognition

U197,=
T W L
®FR &
Mm_e”a&nlme
S KX ¥
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glo?i
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e
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e Y wwu
.....O.HMM.MW/:\UI 7E
Tk QR o
SN e &N
dAllo(]L 2]
T8I
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B R T X
Moo
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Q4o A5 g Ao 8L g 2ol oi4izt
A f¥ez $5E 4 Ak 474 (1, (2),

(3) 2.ale A#3 Aol B Aoz Aol
Qg 418243 43.90(%) ol%=, (4), (5),
(6) 2ol& =2 Hol BY Aoz 56.10(%)01
olch,

(1) watzed ool 71la A %

(2) 712 L F2220 7T A4S

(3) A454 32220 7 wg-%

(4) A3 AgH(151.552KB) e 712138 A
(5) 84 x =0 COSTAHA 220 71018t A
(6) Ab& 2t A 2] 2o 71l% A+
Az gtAle] ZFe = AFA e A e JlF
7)7b DA EA gk AT, =, =] A4 g

283 W AAddaer HAA A o]

Ho —{o

1]

P o
o, o
s

H& o] o] &5 Y, 52 sl
s ok el olAlgkAle] zt e+ B E A
of £2t8l71He) 8 7] HF0E £F 4v|F
HE-o 2RTAGTE o] B3 v B AtFo] AEH
A Lot 3l B(a)e EAH FFol HEH
‘Hol ‘HWog a7l g(b)x ‘F'st WMoz 249l
A5l 7359 dlo]x, 27 §(c)& ‘Rl A A
Aol ‘'R B koo R & oY)
Agste] ‘'z 2T REo @B ugo
AR 5o}, 7| FHE 25 4v]gro 2 A oAl
Al gL 7 -9 ofj olch, wfalA] v g4 o] &
BslE, A(5)e] £Aol Ao FAE 2t
¥ AL A ¥ (shape information )& 713t o 2 4
A S FAAA + S Aoz Arasch

rO

: ] ] e Y
YR I e B
[ | ! : | i t ! | i
—1 P : il |
| H 1] N i i I i .»'*\,j |
RN ENS) O
Ci Cct Vh Vv NP
(a)
" H : | ]
B O . .
oy ’
o - .
P e ! .
j i P
Ci ct Vi Uy NP
(b)
L
: - ;
P |
1 1 Lo i —
Ci ct Yh 'S NP
()
288 A6l AsiE A2 ol

Examples of ill recognition,
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e
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2
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s
-
2
N
£
M
2
e d
g 12 J
Iroox i
£
2
L

ol

o

2
£
e
o,
o

g3
o

*)

il \m

=

b o
ol

ol

s

>

T o
AU

-

A8 4 glch whepA Abgd g
ub E Al 9] 8 ub=A] A
of shviel Fdu] St o
2 g o] S Al b & 2ot 8 g
el sk feked A4 Ay
AL Yatoa AFsle] T
ol

b
o
2L rE q

ok

L

of!
ol
-
ol
>
ok

o rir
ol
=)
2

Ry
U

a4l g
=

duorde qnt oo g X odo fff B ja

‘-{‘U Y
=
A,

¥
o
v £ 3%
fok,
Hopr o

Do
~N
rlu_ - i

w
3]
-
L
o

E 3 FUn L3 gol et L x4 wim
Comparision of umiform -cost and breadth-first

search.

sh&l BPACEX|UCS*[BFS%| 1% | SPACE | UCS | BES
FI0 | 4%%5| 12| 14| Fdo | 4x%5| 5| 5
FIl [4%%10| 27| 27| Fa | axxs| 13| 13
F23 | a%x7| 18| 24| Fap | axxa| 4| 4
FI3 | 4%x6| 130 13| Fay [awx1z| m|
Fuu | axx2| 2| 2| Fa [axxn1| 2| 2
FI5 | 4%x%4| 5| 6|F45 [4%%11| 81| 8l
Fl6 | 4%x%7| 30| 46| F46 | 4%%9| 18| 2
FI7 [4%x10| 38| 34| Fa7 | axxu1| 2| o
FIg | 4%x4| 8| 8|Fas | 4xx9| 25| %
Flg | 4x%8| 23| 20| F49 | dxx6| 15|
Foo | 4%%2| 2| 2| F50 | 4xx9| 12| %
Foi | ax%7| 25| 53| Fsi [axxl0| 8| 2
F22 | 4x%5| 5 sxx12| 14| s
Fo3 | 4xx6| 27| 65| Fs3 | axx9| 11| 19
Fou | ax%10| 28| 73| Fst |axx2| 0| a
Fos | 4%x6] 9| 22| Fss [4xx1l]| 13| £
Fo6 | 4xx%5| 9| 2| Fss |4xxw0| 1| 1
Fo7 | axx5| 13| 51| Fs7 | axx9| 15| @
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F38 | 4%%9 591 757 | F68 ) 4%%9 16 55
F39 | 4%%6 13 64| F69 | 4%%8 16 95
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