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Handprinted Korean Characters Recognition System
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ABSTRACT

In this paper, handprinted Korean characters recognition system are proposed by using new “jaso” de-
composition method. New “jaso” decomposition-method are inciude the local area projection method and
the local area Blob Coloring method. Backpropagation networks are trained by the features of “jaso” re-
gion and searching methods of intrested region are applied in recalling procedures. After the 1600
handprinted Korean characters for 4 writers are trained, the recalling results are show that 95% recog-
nition rate is obtained in non-trained brightness image documents of 1600 handprinted Korean characters
by using the proposed algorithm.,
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He oM ZAF G B EAYH S FEIT EAGANM ENE S 323500 2 BARGA st 23}
e o shte) SHG el i 2718 AL BAY EAES 2230 EXERME ) =7,
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[ Hangu! Documents ]

Optical Scanning( .PCX, .TIFF) and
Preprocessing

l

D Filtering, Location and Segmentation
@ Type Classification( Type 1,2,3,4,5,6 )
|

@® Jaso Decomposition of Character
@ Feature Extraction of Each Jaso Region
® Recognition of Jaso Code
Typel |Type2 [Type3 |Type4 [TypeS [Typeé
Cho | Cho | Cho | Cho | Cho | Cho
Jung | Jung | Jung | Jung | Jung | Jung
- - - Jong | Jong | Jong

(O _Combine Recognized Hangul Codes
Typel |Type2 [Type3 Typed |Type5 |Type6

[ Postprocessing ]

a8 1A A2ge) THE
Fig. 1. Characters recognition system.
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2. T7iX| 513 olAlg |8t Backpropagation Network

dzEAo AEUH L &) AMesEE BF 72 Backpropagation network & AH&3ich s £xje] {E &
BE3y] o8 12EE7)(group classifier) 7t AHEE Dz 2FE B2 A7) A8 xAh EF/7(Gaso
classifier) 7} A}&-5 =4, o]& ¥ & 7] 2 Backpropagation network ] A}-8-®t},
Backpropagation network 3 & ARz 2w 7|& HAFe e g ohpe tad 22 AME o] &3t ¥
F s A Aoz A5 BAY 8 589 dwsl 58 & v ol 2 S A -
H27|(pattern classifier) @ &3] o] &¥t} Backpropagation network StFdnelES ANES=Le] 4%
o 032 HASNIE ARZEY e A FHHog Fahe daelEolrh Backpropagation network
Aury o g &3 2 (output layer), €92 (hidden layer) ¥ &2 (input layer) ] 3322 T4 €} &9
oM FrY &l eYE o HE0 08 AAANI 1, 2YFANME 2AFHF o] & tHA EHF UY

Z M A7)tk Backpropagation & i8]l 5-& Rumelhart5o] A 9tst 2 HZ Fahlman$ ol 33 ¢iig

gt o ok rlo

9.
=9 9¥sl9 o) 43 Backpropagation €12 E-& vh&3} 2},
WA A9y 2 3193 A 7% (connection weight : W) E& AP e 2718 A7 HE X, 4F
upa} 2+ 29 AA 2870, (1) 2 (2)9 gol Alatgrt
Sj::i Wi X; {1
0;,=0(S;) where, 6(2) = [1+exp(~2)]™! (2)

A BeEge) ANED U e 2o PAoE AAYEES 2P & 9 % AR08 A
A Thgel 4 (3) 3 2ol AdFET AP
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O - @F¥2 @ FF3
C1 Vi ct AV
V1 V2
®/E84 OFRE5 ©®AREEG
Ct C1
ct V1
V2 v V!
C2 c2 c2

a2 #3674 RATE
Fig. 2. 6 types of Korean characters,
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¥1E

FR 12352 249 ¢ 420 PAHED, 78 4,5 6% 24, T4 % F422 7= Ak 43
ki3 4001}2 67}19] FEoz TREHE 4 /¥ 24, F4 2L 34 AT B 19 2ok {REaFol ¥ F
LR RURE Fu 2L EFRIINME A 1970 HE ol s 3 d e Aok dabA dhF Q12

.Tl.
N = tTF%zIOOXP—E—vr 2 383 & de o] dZAAA o]ch,

H1.329 7 /8 24, 34 2 A4 A4S
Table 1. The number of a Chosung, a Jungsung and a Jongsung for Korean characters types.

81 | %2 | #¥3 | #¥4 | #¥5  #ES6
B 19 19 19 19 19 19
= A 8 5 5 7 5 3
Z A4 17 17 5

B =FolMe e 2 A8 40x40 stk oz F3 AR W ug 2819 22 f8 gt &
BEFHE AEsdg §8 £F8 9% /% €7 712 < Backpropagation networke] AFR-5 AT 1 & -‘3’8—8—
40%40 3tA2E 8x8 =79 647 FAROAFLE EYUSY ZF ZAOFAAM F&2FHHoH, °o]&-L Backpro-
pagation network @5 Aol Ejo g AL E deld £8 BFre ¥ e o) FHoR sla Y

£ 20/ R0 g slgon 2H2L 67 FHOE gl /) FHo R FFE TRY F USE AUt

5. 812 2R2| 22| 7Y
a0l e f¥o] BAHD W 7 $HUR 428 RO A& veh pol 2YY FIANNHE B
Aol AsEe o] AAASS A AeAT Nz ALR Bl B2 f8 540 Be w49
2790l o] SHT 39 2 48R RA BAL B2 pr) 43% 548 olgelel FaYAS
59A71H 2 f89) 2e J4e TEA Y 4 Ath T4 288 A FE5T VY Uoix ool 24 2

F4e TN E T Ut

HE2 329 7t 4¥d A2EH
Table 2. Jaso features for Korean characters types.

. Fay 257
cEare 24, 24, 4 FEN g9 g &4
#31 s o] M2 A gl Ex Eole M2 D Y
32 F7hel 7= e 72 18
433 el st g Mzd #olel 712 718, Sl B S0 A 7 g
84 gshe) 7ted g MEN P EE oo M 7 g
#3 5 209 7tz A g9 712 7 3
536 240l 7b2 A 2 Sl AEd | s sl 18, $) Ee Se A2 1 g

oluf grae| 2 EAA A, T4 2 FAHIGH] AAH Ae F e A Ao QHG Ao Aa R B
ol 2%d % Urh B3 WA FFY B 24, FAH L FAHEC] FET AAJE B 27 Wi =
299 Bgdutoz A& A4LE Ead e Aol olal® AAelv) nng F429d B ¥y ol 4
22 ge 723 543 2499 Blob Coloring 714 & ©]&8H olE F& F2& 4338 AA AF F71
},

Blob Coloring %’._hlal T ol d49 9] BlobES ?E—'}@l Fohlle 9FE g8 Foldt Blob
Coloring 2] & 11¢ 37 zo] F4st4ak(Xc), $&H2(Xu) £ dFS2 (XD Eo] o] &€ h
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[ Blob Coloring Algorithm |

k=1, Scan the image from left to right and top to bottom.

If( Img(Xc)=1){
If( Img(Xu)=1 and Img(Xl)=0) then blob_color(Xc)
if( Img(Xi)=1 and Img(Xu)=0) then blob_color(Xc) := blob_color(Xl)
If( Img(Xh=1 and Img(Xu)=1) then blob_color(Xc) := blob_color(Xl)
If( Img(X)=0 and Img(Xu)=0) then blob_color(Xc) = k, ki=K+1

blob_color(Xu)

}

After one complete scan of the image, color equivalance-adjustment can be used.

13| 3. Blob coloring ¢ 18] &
Fig. 3. Blob coloring algorithm,

FE F9E AASRT AL e F LA B AT Aok e g5 19 49 gt

23 49014 Dy Y #lAF A S A A 817198 94 Blob Z7]0)i Dy PG ez By Aoz 3
7ol 2 @HE5 AlAsH7] $1F A Blob &Z7]olth A ¥ o] AaREo] 3250 W Q1 dde] 24
2 A 83] &8 H7] 9130 712 Blob, (Isin) S #1932 A 931 Blob, (Egiop) & 574171 338 33},

Aerd HAUNE FFHE SAHEL A2FHE EF T A8 18 59 mAIEA

ag 59X e GG mEol AHD AN e A ks Bt ol FHRS I xEHAD FHS
Er 25 AAE AL ¢ 5 olvh 283 o] FEE 7 AkL A ol diste] A&l & Am g

Classify the Hangul character type  (Hype) |
' |

< |

Jaso region-boundary (Joound) extraction from
local area projection.
[

Blob coloring in local éaso region (loob), and
computing blob size (Swies) and blob
boundary (Bblob)

Erase the blob (Ewor) when

® #( Sbiov<Dms )

@ if( Sbiov<Dimz && Bhiob-Jbound ) l|
| [ ] |
Delete all active blod(lwob) In jaso region E[:I

and restore thr erased blob (Ebwb)

A v

¥ [0 o

HaNa

o I R R S = 38 5 AUdd FAHE ALFGE B/
Fig. 4. Jaso decomposition algorithm, Fig. 5. Examples of Jaso decomposition.

5. EAIFE, Aol U BAHA B

2oy 7t AA4A9 94 EAL 2280t AAAZ A (6)3 22 w4 57 (mesh feature) S FZ& 3},

Myr(z, =L T FOrxN+i, yxM+ )1/ (Nx M) )
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Sx
and M=—
Wy Wy

where, N=

AN Wx R Wye 242 4299 Sy B S8 oYYz x WP Ly H¥e2 £ € 9o 2 Aol
et N2 ME A EFE £ 32999 7tE 2 A24F gk Agelrt Y (6)& ol &3t I8
FlxxN+i, yxM+7)22 28 HA7ste 4 5 Mevlx, )& 78 5 Aok &0 59 SAEL G534 2
o] #& £ it} 4 (7) 2 (8)ollA P(x) 2 P(y)e= Ztzh M 2wkgr 2 7t de] Aytste F9at Eolth

Sy—1

P(x)=| _;0 flx, 1)1/ Sy (7)
Se—1

Py ={ ;0 i, )1/ Sx (8)

@RS 5 A (9) 2 (103 ze] 78 Uk

$,-1 _
Cx)=[L fle, ) x flxi+D]/Jx (9)
cv) = £G, ) x FAFL 9] /)y 10)

A714 Jx 2 JvE 2 89 AngddeA 85 Ao w3 Aot el C(X) @ (V) e 4z Frsd
b 3147t ok

a8y o A4AY 229 EAEL o] &35t Backpropagation network & StEAI71AL 142 A& 3] A (re-
call) & AlE &t} 121 A o)) Takahashi[1]7F AIQHer &8 gk A2l = A4 RF & AH&3te] HEAH o et 23E
Fo|= & 3ttt
max2.

RF=max1+(1—-
max1l

) (11)
e HE o] E 0 S Fo|ES ST 3 RE7L 0.7 olsteldl B G Gzl olsh BAGY g
49 gl el O AuE gAste A exE FU £ RS sk

. A|Z3o|M & H3t &

A& vkl ge 2 2] ¢nYUES AFE Yol FHEsL HA LUIH BMFEE WFes QY s
AEatg et QAW B ASE FF A7IeA ol gek MHE 400709 A2 A 489 BUNAEL] ¥
A8 2% QA E 4 JAxE SFA T webs HA BE5E A A5 E 1600707 Ek

24 9@ 27" HP llc 2701 & 0] 8392 si4%E 300DPIoA 3713 = (B) & 28 stdA
o FF79 FAIGEES 4 AFCh

SHEF 9 499 2922 9% Backpropagation network2 ¥ 3 ¥ i 49 o] 43U

120070 ¢] 222 HP llcA7lv el #7142 (B) S 1202 8t BA94S E8A 7, d8E BASEe &
2250 o FEEF 2 A44£AAL 9% 58 AR SEE network o] AN FE H 7t 8] st &

B3 REERE A8 network 4

Table 3. Network configuration for type classification.

Z TE ek s 243
e AF 64 20 6
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B4 FEE A2U04 8 9% network 74
Table 4. Network configuration for jaso recognition,

=4 =4 4
62-20-19 | 61-20-8
62-20-19 | 40-20-5
62-20-19 | 66-20-5
62-20-19 | 66-20-3 62-20-17
62-20-19 | 60-20-5 62-20-17
62-20-19 | 55-20-3 62-20-5

o
o fen [ | |vo | |
ofl

FHA & EAG g sl A0S A=)

E5EB=1159142 FEEFEL A ol F 6& EAAAEL =43 Ao},

E 62 B RIEFEol 9%014 =7 W& EAAA Yo FHEFE B8 44200440 8BS
AL v 4ot B Uk H 69 14408 B 458 B=1201T) o] & B=115%! 24
e Bata 95%0) 4 14 &8 veh 1 IS ¢ 5= AUt

ES5 Y48 ¥ ERE (B=115)
Table 5. Type classification performance. (B=115)

4 s LEH EAF vna
- 877 27142 | B3 | "4 -
1 80 0 0 1 0
2 44 0 0 0 0
3 15 0 0 1 0
4 162 0 1 1 1
5 84 0 1 0 0
6 15 2 1 1 0
g A 400 2 3 4 1
2F5E 9.5 99.3 99.0 99.8 99.4
Ee d8EA £4 A4 & (B=115)
Table 6. Characters recognition performance. (B =115)
. N 2214 &z}
FR B Tt [ mviae | 2ads | g | OO E
1 80 4 1 5 2
2 44 0 1 0 2
3 15 0 0 1 2
4 162 15 1 13 8
5 84 4 6 6
6 15 2 1 1 1
3 Al 400 21 8 26 21
A4 & 94.8 98.0 93.5 94.8 95.3

F 78 QA A =H) S® B=1200149] FFFA 4L A4S Aol 4" EXGA4E 9
o] 7] whEol 99%0] 4] 12 &S Yehl 3 vk # 82 EE BAGYRT W 449 B =125
AN & A =T AaE =A G Holh
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B 7. 48EA £2) 948 (B=120)
Table 7. Character recognition performance. (B =120)

- w | s oA A "

F R BN T | @n4z | 2443 | 2 N
1 80 0 0 0 0
2 44 0 0 0 0
3 15 0 0 0 0
4 162 1 0 0 0
5 84 0 0 0 0
6 15 0 0 0 0
3 Al 400 1 0 0 0

Q14 & 99.9 100 100 100 99.9

E 8olME Fr1A2el AgE B4 I8 ANEL ok BV 2, 3, 40 AW EXAGE AN ES AT
ol e B = Utk ol "7z 10 &) AFE FXG el thE EoNA}o) vl v H Faz 1o Ay
Fol Y& ziow AT X ov gd EA4Y 2 5314 &L & Hr) At 45 FA494E B=120
oM 27)dEte B4 S P AHE =AF R0

E8 JEEA EA 248 (B=125)
Table 8. Characters recognition performance, (B =125)

: n S ZAS

Y| A g T A | 8nds | g |
1 80 1 1 4 5
2 44 1 1 2 2
3 15 0 0 2 2
4 162 14 3 7 7
5 84 1 6 6 6
6 15 1 3 3 2
T A 400 18 14 24 24

el & 9.5 96.5 94.4 94.0 95.0

® 9% 2 SEHA ¥ 28 G dHAE FIEFEO) B%olYe & ANERE A T UL F
2 A &L 77%013 A& B F3L 3

B9 shaohd 2 BrlAe) 23 A4 & (B=120)

Table 9. Characters recognition performance for non-trainned characters, (B=120)

- N e A2
f # e TE o i ——— pE——— ——
SEF EAT 2914 FEapg SER BASF A Br g
1 80 0 12 2 16
2 44 i1 16 5 14
3 15 1 6 0 5
4 162 1 28 2 25
5 84 3 24 5 20
6 15 4 6 4 6
g A 400 20 92 18 86
A& 95.0 77.0 95.5 78.5
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dold Az & ANLIATE G4 D714 B4 Gl thal w17 DR A 95%0] el
& Ag 5 dold M Ee AN4SE Ul FAsGTh

g g

B =R 49 Y £ B oyt 2499 Blob coloring 718 & =Y A2 A £
oF2 A|9Fsl 1 Backpropagation network-g o] 83t E2}Q1A18 A=t tl, Aot WA E dHElA A]A
£ 73 48 9 YY)kl 4003HY A A 1600712 FAE S5A17) 2 Q14 & Al x st

AlgE ol A EM04 L A FEEF ¢ueEL 9%l 4 =& B E By gH EMGYR
o HAY 1% MG M E 95%0)1 4] A ES YERHATE E3 HEEA e OE iz £
Mg gl M E 77%01°39] & AAHHRE A& F UL A% o] Az 2 A4 dugg A}
$3H HzpE L FAQ A 438 22 AAEAE 4E 5 ASE Y Ak
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