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ABSTRACT

In this paper, it is shown that neural networks trained with back propagation algorithm and dicti-
onary can be applied to recognize handwritten English characters. To eliminate the useless data part
and to minimize the variety of characters from the scanned image file, various preprocessings ; that
is, segmentation, centering, noise filtering, ¢ -aling and thinning are performed. After these, characte-
ristic features are derived from thinned character pattern, The neural network is trained by using the
extracted features for sample data, and all test data are classified into English alphabets according
to their features through the neural network. Finally, the ways of reducing learning time and impro-
ving recognition rate, and the relationship between learning time and hidden layer nodes are consid-
ered. As a result of this study, after successful training, a high recognition rate has been obtained
with this system for the trained patterns and about 93 % for test patterns. Using dictionary, the rec-
ognition rate was about 97 % for test pattern,
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g 11L& 29 E £t 919 ¥ 2,000%e) FE A
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WX /AT G FH AP o] &3 BUIA A LY

HolEl S Qolnh,

atr Also
b I « ck Erase
{140{ Girl
1 ¥ v e B;g

J.U-""/’ Fool
Fueen Hel p
w T a2 d o w La.dy
£ Uuwmwm e ¥ Moon
t eac Quick
e x a mp | e Rose

O3 1. 318 E 8714 924 Holg
Fig. 11. Handwritten english input data

2. 22X ey

2,00070 9] "7)A] GEA}F dolE FollA 53274 ¢
el g dgsld 23 HAEES SR,
e ExE e 9% Aot} R E Al g oA
< IBM-PC / 486 33MHz9] @730 - S35t

1) 24 & (hidden layer) ‘=S40l IHE Q14| g2
e

243 FolW EAE HE3y] A FEAHAY
AR E AFsed, o] 24939 =EFE FFAT
o & 4L Frh. Itz oz S 2HF
o] xEF7L BE&4E A3 Fxo g AidFgo)
BolA ez =2 A goh AF2 G FHL o8
Hoge 2217100 € woly ol g A A
EAsA gong Aatd exry) v ANE 71E
ARt 2g o FHAIUGL 2o B AT e
224 7182 0012 FUh FEHES 09 =S
028 3tn &Y% ==4E 107094 6078 7HA]
10GA A 5ol WSt 7| E A w8350} St
3 APl o & 14 &8 A T 2 ARt
F 3.0 vely Aok Zztel] s $HERFLE 200
wog At ol 7tA] dhgg SH3A XA
Ao AFPRE NN Begg A Aok B
3N m=frt EOjESE BMESE 43 A2

st B/ E = 289 AEE A A Hed,
o2y 2459 xrrF7) EolGdFE Aol
Y JAZZEY Fe BolAAT 1 F7t ok A
ool HW FPAIT YFL R FHHAE
A eabe AL &S ¢ F Atk FFAILS
3070 W7t Hg mgton SE& o Ml i
ago] 19 12.0] YebY Qi) ol &9 %9 =&
F7t A3 FrhA FUrEsE JR o] BAaAvt
AR 2t =xvt ujglor & BEo] Hojxnz A

& @ 5 Ao, 1 5t BolX|H da o)ie]
AE g 7HA 9 dheo] o3 9 A7] W&ol

A4 &2 Ag Hde] g3 &4Fe =47}
3070 71 & @9 93.9%8 HYn k=47
Z71gol whel 90~925%2 9 WEHE Ho|x
BTt =F7E 100AW Q2 go) Reh ole
slzfol ¢ ARl e ARE BF 58
oA dold fdte @ol =¥ 3kA X3td A&
Sgo] HojA7] o]t

B3 eH3e x5 ofE HtE 59 QA ¥y
Table 3. The vaiation of iteration and recognition rate based
on hidden layer number,

43 LIS A& (%)
EEF 3 S A" Ay A
10 157 97.6 87.6
20 41 99.9 89.9
30 32 100 93.3
40 28 100 915
50 27 99.9 91.1
60 26 99.5 90.1

(2) st ()0l WE olAge| vig

shepaloll AA ex1e] il R3] HsA
= Ztzhe] @ xbe] WAE-g A sof slAIN A2
A ArApel Wt 35271 Foli} 8 pA| o] dojR
g A HEES A sl HHE SIS E Fol7] 8
ANE 58S A Aok s} JAESA He H9ot
HAagit B dpdMe 939 =58 307,
EAEg 002 31 gF42 0104 09744 A3t
NFVH A zhzhe] whE B0} 914 &8 ZALEIY T
E 490 2 297 dehg Ut |22 gEEol
248 9w FEdge A8 ¢ F U, 9489
B3 0.63 0.991 4 28 %= U
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LEARNING TIiME
d
o
*
T

HIDDEN NODES

O 12, &Y% wufo nE g4 Wt
Fig. 12. The variation of learning time based on hidden
layer number

(3) RO ()0l THE QUM B2 tHE}

RARE 93} FAA ) Ao o a}aF #ak ol
2} o)A AT T sl AR RE Y $HF
A 7H&EEE Fo g was) s 348 o
2 dFdMe 2 HAH s 7] Yskd
SHFY =58 307, &S 092 st mul Y
< 0.15-8 0974 |SA 71 A 14 & A
I 3 A#7 ® 50 veh led mdge] 02
ojM FYHEET} 7P Wk 1 gho] AABFEF Ko
A7t 07013 M= F3te F@3kA ZRH
o|ZNE7tF A Wsto) QlojA] o)A ko] wrg &)
He B A FPol F Y AS ¢ F AL, AF

E 4 350 2 vrE S5 Mg W3}
Table 4. The vanation of iteration and recognition rate based
on learning rate

4 ol fri oMo A2 B WY go] YR =)
dae) 97 ol 82 W) WEIT AN §
A2 2l o] 02U 933%2 7+ FROU WA
Hog A9 Wshst YAk

ES 2dgd g wtE g4l Q1A g o] Wa
Table 5. The variation of iteration and recognition rate based
on momentum

ey | T# Q4 & (%)

84 [ gedd | Ngad
0.1 46 100 93.2
0.2 41 100 93.3
0.3 43 100 92.8
0.4 49 100 92.7
0.5 55 99.9 92.7
0.6 65 99.9 92.0
0.7 s

sag | ¥ QA& (%)
X R % g 9E EEL
0.1 200 98.9 89.9
0.2 141 99.8 91.0
0.3 101 99.9 90.9
0.4 82 100 90.9
0.5 70 100 91.3
0.6 62 100 92.8
0.7 56 100 92.2
0.8 51 100 92.3
0.9 48 100 92.8
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3. Eto{ oAl

2.9 ARE AR 8l APA & o] &3 #2}
7t obd dold 2 Q141 e =, AP o] vl
W2 474 9] (2) & whstth AbY 2] doj e SRSt
12kl A 112491 50070 @l (& R+ 2,310 &
I I bl o] e YA wrolE ) 5078 9] G (E =4
= 2,0002h) 0l i go] Q14 #H & Fgstact
2o digk A7} & 6.9 YeERY lch # 6.9 &4
3 Qalel Qage 9 1 (24329 $ 307,
5809 Tl 02du) e dijo] 1 ol 914
9] AN gL Fe 2UF A ALAS o] &3] QA S
Ato|rt, o Q142 g A Y Q4w
T} Q14 80) 93.3% A 97.1 %% k4% HolH =
O|ZRE o/ Fx F£HL T F At

H 6. 5070 @o1(2,000=21) 0]l thE £2pE 142 gl Q14
o] Aapujw
Table 6. The result of character recognition and word rec-
ognition about 50 words(2000 characters)

Y& (%)
E2pd A4 933
gold 214 97.1
g 8

2 Aol e G971 98 AE A sed o)
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W/ QA GREEI ALEE o) S8 HoA GEA) A

A Ik NG A2 md A AN RYE o8
3ty 2] AJAH-E AAISFEC) AAP A2
8714 G EAE W ol SXZRE wol B4 ¢4
& Fol7l Ao e Axe AL ARE
o ¥ =@M X e o8 REdiA o)Ay
A 2 oy dnEES At e
g Y 22 HAERCE FAR ARYER S
TR s JAdn GudsE o] 83N
o SFAI-E F07] St Yo s =YY S
o] O AA A & o] §F P o o]l WL £PLE
E Eoled 493 AFE A9 VA3 2T
Y =25 127128 Qo 28 & 457,
SHE o =5 300 3 532709 s elo)
3] AT A oM e &HEe xuF
o &8, mago] sFAILH QA4 g4 nRE
e ZABIY L B =R QA 8E Bole
g oz A AAYE BT 4 o9 ApH e
Dol v sty @ F ZAE A s dold 914
& FYPsyct AL HAA & 5070 @olg
2,000=}e)) tldte] E2PE Q4L 93.3%E UEld o
o, ALAE o] &3te] dojd Q4L e AL 97
1%24 14 2/ Fxbe] Ao o] o] & &3}
7 ASE & F UK ol9) ol NAF T
AR S ol &8l YA FERY QA A2HE
AASted flo] # A7 Algd dndEES
AHE-3lH P ERF AH EAQ QYo 2 288 &
oz 71 gk AL Wy Foz o] AF A
BEXE 9IA GEA) 2= HE Axg 349
M SEAZEE WaEA 31 JLe =Y 5
Ae N2 g g 53 A 3G 22 @
AF7F e sith aelm AhE Al 2Eel AXzH
A AAGe YHAAE A st=4ojg
T#el gty
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& M B (Eung Sung Kim) E#rH
19674 2R 2284
19894 2H : Ao @usta HzF
g 2A(FAH
19924 2H : Ao #dsta oty
Azg ) P58
AAh)
19924 3A~BlfE  AFddsta
sty Mapgsta vt

M A 18(Seong Hwan Cho) FEfr B
1980%F 2H : BigfEASR BTT
L 2R
19824 2H : RIGIERPR KK

BT T88H(THE L)
19914 8P : EIHEASKL KBk
BT TR (TEML)
19824 9F ~ 19854 7H : #E L&
B FUREE WAL AT

Aray A 8t 19854 9H ~Bife : AR THEERM KSR B &M BEUR
Mok T EREHE, MRIER, WU M

F #8 % (Keun Young Lee) IE#H
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