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Abstract

In this paper, we present a character recognition algorithm in printed Korean and English documents

including touching characters. We derived two rules to segment and recognize touching characters in
the bilingual documents, one from the shape characteristics of Korean and English characters, of the
writing blocks defined in this paper, and the other from the RF(reliability factor) values generated from
the classifiers. Overall classification accuracy for the KITE paper of the proposed algorithm was about
96.8% for the English abstract, and about 97.8% for the bilingual parts. Also we confirmed the proposed
algorithm significantly improves the accuracy of character segmentation of the actual mixed Korean
and English documents including touching characters.

I. M E

A o3k AL 198040 22E AR 14 oo

Hd

* IERR, BHLAB ETERTART

(The School of Electronics and Electrical Eng—
ineering, Kyungpook National University)

*t EER, BUEECRE BT TS

(Department of Electronic Engineering, Kyung-
pook Sanup University)

BEHAF 199648 H22H, 448U 19964118118

(1758)

o) F2l o Fledl shtz @7l gk H2el
AT AREE wx DA Sl ol YA
FAbgel el e Be AN Ave dehlz
QI alwimem Ealge] ARskAl sl

- O
o=

UAY A R Hezoplh & He gl
(well-formed and well-spaced) 4] £45& 4

o2 s B2 QA AlaEE AASE e 49,
E3] 4173298 o143 t}F ST OCR Axwe]
ASelle Tl GAtAe $elE A ERpEel of
3 996% o4 F& ANES ez A 2

i Ay



19%6% 117 BFIEEH

e, sl8 B4 edAre) #d(quality)e] Y o
A9} v odo] EAeld & FAlEe] we 7
SolE & QAES PE 4 9 OCR A1xe] 7
dbo| ] ofgch

AA| el QA ollels b o] Azl
o Axgony zaud? B3 deR) apE
AR @-F EE FAOA AL 253
A Bz e Ay Aomlelelds) e
A& FAFE ol gl BA] oAbl A @
Guplse tlalil A B =), wE 2ufde @
AR s wF] olgshs b A A
2ol gl ASv} Fstmg, @ hel Jupd g A
anldeld Uyl gaide 9 wekez e Exb
5 Basjol He A9t Az weld, dof ol
Y jedo s Azelelds) Wy M 53
wlgo Az ¥ dTpiEe Hatsie] Aol
dala QAshe=d] oA Folob grh M, &F
& TN A A me A AAaSe] 43 &
2] dpske] 2318l ez AYE ] ARG TF FA
Aol g Exl e s Alznleo|ds] Wy
Sl sdojel de] sgoz Heldl 2] Ay
I EApre] AAA AR e 5 W $9o8 Q)
3 o] Mol i B¥ FAE FAld 17
dlob gk webd, g - E£& Exeld A EA4
dod g Aeks] Aol dstn IAs Wy AsiA
g 2 dfe] T2 B4 AE wleA 8
| EAsleR, o]5S wejsle wmeldelw AAA
Jokg vleig B oot Qlok

B ERME A4d - £8 FAM 2e
B 57 s Aadeeldste] Azbgoz Q1A
al W 5 e £2 Q4 dwe|Ee Agdelsc & -
o B4 FAA E A dde Hs) Al
olAdsly] Sial Exldelde] g2 ® FEe 4 -5
B 9lx ARE /1S 22oE Aoy, HH EF
719 25 Anzre 23EE A% A43he o8
slo] QX HasAY 4 e A BT V)FEL
nlelslgic) R Aol Ry =77} uisg A
Z48e) 712 B202 o]Fo)x 9lont doie] 7%
£ =8 At A o v1E BEEs 7AEY
olc}. o158 olgsle] I} AF APL TR W
2, B3] g2 o3l tie] shtel 2RE Ak A
ATl 49 wkog Relsle] e AgelE olEL

Y
oo

2 e

OL

i
T

O

© i (e
rEJ)

(1759)

Erdd
>

#33% BE F 1K 117
g A2} e AT ol o A
43t 2paEe] MR B ol Hde olEL 49
ko g HekAz 4 9l e F¥(merging and
splitting) ¢3e]&g vwiadsisdch =3h §3 £57I
E 53lslked 1} Aol oA A Al E ¥
gAY v 3 S8, AA A e {38 7R
3 R e Rt o, A fEEER EAal
Al AlEdreas Qirle] B s Y o
23 syt AkgE WS ol 8t - FE
A] elalg4 OCR AT ESo]E Fd o AA F4
of &l 14 APe 33l ANE HEIYCL

. 821 golel TxA SXo| et 7|2
SEER-E

poe $A dA9e Azdeldst] Aaide
A S P ol PR BAES Rl ¢
o Ue BAede] 2EHT i ] £ W) £
o HRE olgslel AL FA g ATAell 5
A dok g2e 724 544 23 1eldsh 2] o
CR CE R EERE RS

C1 Vi C1 C1_ v
7} Vi a2 9

(a)-frdd 1 (b)r3 2 (©F3 3

c1 C1
\A|

Ci Vi v | V!
cz & c2 = c2 &

(@3 4 ()43 5 653 6

agl 1. 2 oA A 2 $HCAE, VR

=)

Fig. 1. Six types of Hangul(Xorean character) (C:

consonant, V: vowel).
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Table 1. Character examples for each of the
four writing block types.
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nng Location Character examples
block types

o Characters are located in the

& lower and middee zones gpay

B Characters are located inthe | a, ¢, e, mn o1, s,
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upper and middle zones bdfhklit
Dl Hangul zones All Hangul
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Fig. 5. Categorized writing blocks for conti-
guous pairs of alphabets in English.
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writing blocks.
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Table 2. Touching styles of contiguous
pairs of the Hangul depending on
the types.
C Typel | Type2 | Type3 | Typed | Typed | Typeb
Typel | 7F | 71 | ol | ol | okF | o
Type2 | $of | £ | &4 | 74 | +8 | ¥
Type3 | o | =% | =9 | 33 | 3% |
Typed | ol | <4 | A | B | okF | o
Type5 | FoF | 5 | 8 | $4 | ¥% | TE
Typet | Bl | B9 0 28 | 99 | 35 | 99
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Table 3. Touching styles of contiguous
pairs of English alphabets depen-
ding on their writing blocks.
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Table 4. Structure of the type classifiers
and its training results.

Structure of the ..
type classifiers Training results
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neuron | neuron | neuron | node errors rate(%)
e | | 5 | g 00022 0
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Table b. Structure of the character recogni-

zer and its training results.
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S 29 W% 4

Structure of the Training results
character recognizer

Recognizer ||t | Hidden | Output Average tr;?nt";]g
neuron | neuron | neuron | node errors rate(%)

Type 1 recognizer | 236 b 115 0.0006 10000
Type 2 recognizer | 2% X 70 00011 100.00
Type 3 recognizer | 26 % 50 00013 10000
Type 4 recognizer | 256 40 450 0.0002 0%
Type 5 recognizer | 296 R3] 66 0.0003 PR
Type 6 recognizer | 256 5 20 0.0014 100,00
Type 7 recognizer | 236 K1) & 00012 2960
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Examples of testing data, segmentation
results, and vertical projection results.
(a) Segmentation, blob coloring, and
vertical projection results of English
testing data. (b) Segmentation, blob
coloring, and vertical projection results of
Hangul testing data.
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Table 6. Recognition results for English ab-
stract of the journal of the KITE.
No. of No. of
. . No. of No. of | Total no.
Total no. of Mhmg]ws toh;}cmg segmentatio recognizer of
characters - characters n error error | recognizer
after.veljmdl fgr real harcters /
projection image
819 156 3 14 12 3
rate(%) 128 45 12 15 %3
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Table 7. Recognition results for the bilin-

gual parts of the journal of the

¥

KITE.
No. of No. of
touching | >, No. of No. of
Total no. characters touching tati izer Total no. of
of after ckflamcret:s on error error TeCOgnLZer
characters| oieq | T o | characters | characters characters
projection imag
1741 536 210 23 15 1703
rate(%) 07 121 13 09 918
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