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<ABSTRACT>

This paper describes how o recognize hand
written Hangeul character using the stroke order
of the elementary segment.

The recognition system 1s constructed of /
parts : character input part, segment disassem-
bling part, character element exiraction part and
character recognition part.

The character inpul part reads the character
and performs thinning algorithm. In the segment
disassembling par(, the input character is disas-
sembled into elementary segments using the di-
reclion codes and the fealure parameters. In the
character element extraction part, we extract the
character element using the stroke order and the
knowledge rule. Finally, we able to recognize the
hand written Hangeul characlers by assembling
the character elements, in the character recogni-
tion part.

1. INTRODUCTION

Hangeul characters are composed of 14 conso-
nants and 10 vowels as the basic character ele-
ments. Each of the characler clement is assem-
bled from the following 7 kinds of the elementary
segments.

/ ; LI(Left-Inclination)

~ ; RI(Right-Inclination)
— ; LR(Left-Right)

| 5 UD(Up-Down)

O, 0 ; C(Circle)

7, 7 ; RD(Right-Down)
L L ; DR(Down-Right)

’/

Furthermore, the segments are generated from
combination of the basic strokes(/,\,],—,0).

Considering the [oregoing special features of
Hangeul, a hand written Hangeul character
recognition syslem is proposed in this paper.
The system takes into account of the stroke or-
der of the elementary segments. The flow of the
tecognition procedure is shown in Fig. 1.
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Figure 1: Recognition procedure

2. CHARACTER INPUT PART

A hand written Hangeul character is read by
a camera and transformed to 82 by 82 white
and black points. We perform the centering of
the character and thinning process as a prepro-
cessing. Tor example, the hand written charcler
KIM’3}” after the preprocessing is shown in Fig.
2. The numbers written in the character ate the
stroke order of the elementary segment.

3. SEGMENT DISASSEMBLING PART
In this part, Hangeul characters are disassem-
bled into the 7 elementary segments. The el-
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TKIM?

Tigure 2: An example of input character
(After the preprocessing)

Figure 3: Direction codes

ementary segments are found by the following
procedure. In the first place, we detect start-
ing point of the stroke by searching from the
upper-left corner. From the starting point and
next point, we identily the direction codes shown
in Fig. 3. The stroke is determined from the
number of the series of the same direction code.
When the point number is smaller than 10, it
is rejected as a noise. After go through these
sleps, we extract the feature parameters ; start-
ing coordinates, ending coordinates, length of
stroke and angle of stroke. And by following
to the flow-chart in Fig. 4, we extract feature
paramelers. These parameters are stored into
knowledge base. And then, the input character
is disassembled to the elementary segments by
the rule shown in Table 1.

As an example of the UD, IF the series of the
same directionn code greater than 10 and the

angle of the stroke is between 70 and 100 degrees

THEN this storke is UD.

Doabyect porat

EYIECH

cras

rueher of dircrtian
XLl
P P ~ ¢
g I 2 evwin \,_..,,,,,,
wo " awsler of mo I “ ~
_,< Vhan G oin ahe >
sane 1Illl}c|\un//
//
- -
~_ " re
> v
{ ! "—‘*’A/(nnllllllﬂl

e »
Ceasting toordiniic L

search tnordinates by peraivvang — e ——

1 sotht aud Jefo ef dirceiian Jirectlionn cotes

code yre 6.1.8.103.5

S
-
N Andun ~.
-~ - - {mu::\ seree (‘J
S S
enning (nﬂrdln)lc_l [
‘ ertract feature paramcier:y l

7

‘u\rnu seteents LI Rt LR up RO OR 1
j

e "\
P

X - titkn J>" ! ’/>>> \
L coo o i o ena
Vivs 1-}' ° g K L
] | ’\\\ end P e

~o

Iigure 4: Flow-chart of extraction of the feature
parameters

The series of the same i
direction code greater than 10} The angle of the stroke

Ll G 140" ~ 70°
R 8 110" ~140°
LR 1 170" ~210°
uD 7 70" ~100°
C 6.7.8.2.3.5 250 ~-360°
L7 170" ~210°
! 70T ~100"
RO ; .
170" ~210
1.6 - -
140"~ 70
70 ~100°

7.1
170" ~210°
DR .
70" ~10¢0

7.2
210" ~240°

Table 1: The rules of elementary segments

The [eature parameters of the input character
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HONG’Z’ and the extracted segments are shown
Tig. 5 as example. Where # is the number of the
stroke order, X0 and YO0 are the starting coordi-
nates, X1 and Y1 are the ending coordinates, L
is the length of the stroke and THE is the incli-
nation of the stroke respectively. And we define
the length of a circle as zervo.

Information of kakijun L

' ,' B ¥ox0 Y0 %1 oyl L THE
1 % 36 16 49 17 130
RIGIHT- INCLINATION i34

Information of kakijun 2

X0 Y0 X1 Yl L THE
. 113 29 17T 47 18 167
3 KIGHT-INCLIBATION RI

Information ol kakijun 3
P X0 Yo x1 Yl L TR
: 1023 39 23 39 0 360
b : cipclr €
Information of kakijun 4
’ : § x0 Y0 XU YL L THE
t)— 1 3% 41 AR 44 9 108
L ’ Up-DOWN  UD

infommation of kakijun §

JOX0 Y0 X1 Yl U THE
: 149 40 49 61 21 180
L e LEFT-RIGHT IR
Information of kakijun 6
j X0 Y0 X1 Yl L THE
1 57 29 57 39 0 360
CIRCLE  C

"HONG’
Figure 5: An example of the feature parameters

y X

and elementary segments of HONG s

4. CHARACTER ELEMENT EXTRAC-
TION PART

In this part, the character element is extracted
by the procedure shown in Tig. 6.

In this procedure, the number of the segments
starts from the 4 segments, because a character
clements of Hangeul gets 4 segments as its max-
M.

The order of the segments in writting Hangeul
character is shown in Table 2.

On the other hand, some segment have same
siroke order as the other, such as the vowels 7 °
and 7 77 have UD, LR strolke order. For these
we apply the elements knowledge base.

Other HMangeul character vowels which have
Where
superscripts of feature parameters X and Y are
the stroke order of the elementary segment. The
subscripts are the starting coordinates.

Another example is the knowledge rules for

the knowledge base shown in Table 3.

consonant character elements’ H ' and ' L7 as
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Figure 6: The procedure of character elements
extraction

shown in Tig. 7.
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Table 2: The order of the segments when writ-
ting Hangeul character
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5. CHARACTER RECOGNITION PART

In this part, we recognize a character by as-
sembling Lo the categories of character elements.
As an example, the recognition process of hand
wrillen Hangeul HONG’ 9:[_;,’ is shown in Fig. 8.
This character is written in the order of conso-
nant, vowel and consonant. The consonant ’ 5’
is disassembled to the segments RI, RI and C
and recognized as ’ 5 *. The vowel ’ 17 is dis-
assembled to the segments UD and LR and rec-
ognized as -7, The segment of the consonant
>0’ is disassembled to C and recognized as ’ O,
Combining these elements, we can recognize the

character as * 5.

o
stp‘gwgegragr feawr@ergzllggmgzers
F 2 Xo'<Xo?
= 3 Yo?<Yo', Yoi<Yo!
- 2 Yoi<Yo'
- 3 Xo'<Xg®, Yo'<Yo?
4 2 Xo?<Xo!
AL 3 Xp2< Xo!
T 2 Yo'<Y02
T 3 Yo'<Yo?, Yo'<Y(?
Xo'< X3
- 1 *
f 1 *
=) 4 Xo'<Xo®, Xp?<X0?
Xo'<Xop*, Xo?<Xop"*
-1 3 Yo?<Yqo', Yo?<Yy!
}"] 3 X02<Xo'
80° <63<110°

Table 3: Knowledge base of the vowels

IF{( the first segment = UD .and.
the second segment = UD .and.
the third segment = LR .and.
the fourth segment = LR ) .AND.
(Yo'<Yo?®<Yo* .and. Xo2>Xo' .and.
70" < 8'<100° .and. 70" < @2<100° )}
THEN v’

IF{(( the firth segment = LR or RI } .and.
the second segment = UD . and.
the third segment = UD .and.
( the fourth segment = LR or Rl )) . AND.
( Xol<Xo2<X03.and. X03>X02.and.

70° < §2<100° .and. 707 < 6°<100° )}
THEN " %°

r

Figure 7: Knowledge rules for character ele-
ments’ B " and 1L’

]
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Figure 8: Recognizing process of hand written
Hangeul %’
[~

6. EXPERIMENTAIL RESULTS

We applied our recognition system to hand
written Hangeul characters which are written
by 7 men and 6 women. These characters are
the names randomly taken from "Korean Spir-
itual and Cultural Institute” which is the Ko-
rean standard name book. In this experiment,
95.3 percent of 280 characters are recognized cor-
rectly. The examples succeeded in recognition |
are shown in Fig. 9.

Some of the mistakes come from the segment
disassembling part, because their character ele-
ments are connected each other.

The examples of failed -in recognition are
shown in Tig. 10.

SEOL HOANG? 'BONG -

Figure 9: Patterns succeeded in recognition

— 305 —



"DONG’ JAE

Figure 10: Patlerns failed in recognition

7. CONCLUSION

In this paper, we propose a recognition sys-
tem of hand written Hangeul which takes into
account the stroke order of the elementary scg-
ments. The effect of this recognition method was
confirmed by experimental studies. Now, we are
improving the systems to recognize a character
in running style.
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