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ABSTRACT

This paper describes the implementation methods of the MLP (mulilayer perceptrons) recognizers for
numerals and non-nummerals. The MLP has known to be a very efficient classifier to recognize handwritten
numerals in terms of recognition accuracy, speed, and memory requirements. The MLP in the previous
researches, however, focuses on the only numeral inputs and does not pay attention to non-numeral inputs
with respect to recognition accuracy, rejection rates, and other characteristics. In this paper, we present some
implementation methods of the MLP in the environments that numeral and non-numerals are mixed. The
MLP had been developed by three methods, and investigated with three error types introduced. The
experiments had been conducted on a total of about 63,000 numerals and non-numerafs. The promising

method to recognize numeral and non-numerals is described in terms of the three error types.

719 =

%7914, MLP, Q121%, 7128

1.4 & F&o dFe oA A3 Eeld 2y =&
o AT [1L23]0] o] RHolA dorw] Eelst
oA AR e LHEY AEAY, FZE  AdE HA FAY 227t obd HlEzl {4
AgAY & 4E A9 AFAYd YojH Bt dFE A9 fok
FHLZ 8FHE VN Jlgg ojd U #e 2 =82 A% vieArl EAse @744
A7t Aol Ao14]. £AAA L A4stmar  MLP [(]l2 2AAA7E Fdse e 3
e i A8 FE28 F 247 98 Aotk MLPE o] &3 £xiely Bye A
S e #4L AAY. oA A9 F&2 A4y W 7 W BEAS B4ste A PHE A
A wAE o X T B §7 ¥EZHo]  dEUTh e AAH 2AE AF A kA
AA gAY, T2 229 g HE2E HuE THY LF IS A ol o)eezy
EAge A 2ok matd Q12 oA e 71EY B4 e wiE] d4rg Q4 EAS
2340l we Lojdltlm Al ANE  BY wWE3sA BASAY. AT Uy =&
A3 228 235 Q484 gk A2 o £AAA7Y 78 ¢ I 4F& of 53,0004

R
o

fe

=

=

L2
L

- 1119 -



A YRR T

3] 2005 FAZEFstE e A9A A2E

9] wak 94 dolE e 14,00099 2] vlszzt P4
dolgE o]8ste] olFoixth. AY A}, AL
g MLP 2214 717h 22e} w7t EA3h
Aol HAA A8E = US S ¢ F AUk

0. 947 7% 2 27 &9

1 A47 &

E AP ME MLPE o] &3t &ztnt ol
2t HleAe HFstnzt s Y] £xFW
0~97tAY £ F FHuUe A(E FHsa vk
Aold wlgaZ Q4 stejobdt. BlEE £3t
7} ol Hejmz 7| g e AL Adz A4
& Aoz @) olF 1Y 19 Y AR L&
T ke ez FAHT 29 19 F Ay
719l 322 13 2¢] Jdehglch

Nurneral out Reject

Numeral

Numeral out

Reject

Non-Numeral Classifier PN, PN_S

A= MLPZ T =d, P PN2 10719 &
=, PN_ST 11719 &8wx=, a8z Se
Mo EYx=z FAHAJUC

24 7HA 2% 3

g
=

gidez A4y dA4Fe 2HET ]
2§ BRPAAD E=gged 2Fe% J14E
o pHANNY 24T A ANUY £ae &
Fo] @9EtA gotA LREE ARE QY
e AFE ZHo] oyt watA o) 2
58% 71258 TR B =EANE ¥ 1%
2ol A7 27 #¥L A Az B
Typel 2 F+= 480l =2 203 &Yx &
2 FezolAY AEFP FHPAE Q4L sl
7Sl gt Type2 255 4o = &
ol AR A4YFI wob ANS AdsE 3
& omgch Typed LHe Hl%Ad a2 4
oldl 4} Zelaz AAIE A2 252 9
ujgich o)9} o] 27 H-¥S AHojstn BAME
oz 2AYYYY FExg ADE 4+ Atk

¥ 1. 22494719 A 74 2F 73

Classifier §

Input
{(Numeral or Non-numeral}

(a) U441

Input
{Numeral or Non-numeral)

(b) A2

a9y 1. A8 vt 4 uby

Non-numeral
Non-numeral

Numeral 0
®)

PN (b) s (b) PN_S

a4 2. & dA1Y P

AYPPINA S Yol A SH2AA H
2 FA2JAE FE3e JAEFVY 94
< @) TheF $7F YL 2 ZPiz BHe
td gge P2 AYEn PE 0~99 £ 2
SUE 2YsA 9o 9714 Pe £ Fdx
BN dFeR HEdn, st &a ez
HlEA FHAES BT o83t FAAL U4
w204 PN PN ST Sob mpabslzlz <7}

gz vl FARES T ol8dty e
& @tk PN H1 Zgto] dAXNE Yod

&Rz welSoln a¥A 9vhd wiex FEs
2 QA3 7|4& 3tk PN_S9 A% £8F
o 71Z4x=EE M2 Fo |dmEd #HPie
ZEgol 71 F A9 vieA FY22 A4S
gth. S, P, PN, PN_S =% 3hi}o 23132 7}

2F 7% 2k =9 Hl
Typel 2% 2t A A¥LFH
Type2 25 <A} 7zt Jges
Typed 2% ®I&xx A

m A3 2 2y
1 49 Holg A=

B =RdAs A4S sty 471x) F59 2
2 G4 dole] MEES Agstdc. &g 93
11,6909 &2 94 sHolg AEst 91133}
H)$zt g4 HolE] HES AlRE4t). oS
A4719 HAEE $JsiM 41,1939 &3 9
Hole] MES}F 4,70929) vl A4} do]E]
lEE AMgstde. 2 94T vz F49
1€ 28 39 uetldch vlea 943 dlolE
AEE WAAZ A48 $ue $ART
A Fo FAGAN ALY HE o3
S} Helol Asd 94 d2EA L AR B

Zd FFEAEE FAIS] Utk

3 (L 5L 2% pkAis

28 3. £2 94 2 uleal 4 o

ox it o

2 X

UurEQ) e A4l U4 g gi
£ adE PEHsA g3 e B gold 53
Z3le] dPgoan GAe JAIT B =R
e g4 4oz [6lolA AN R e Wkt
T EAL olg¥nh

e

- 1120 -



BAH 279 954 AAS A% MLP QAv1el FH whgo]

@ A7

fac)

]

2. 2% ¥ 249

29 13 23y 29 Jehd woAe] P, PN,
PN_S, S& o793 4nYE{5]S ol&ste] 3y
89tk 4 MLP 947)e shte] 2L 7Y &
3 =T ASE 30, 50, 70, 90/ 2 Zalsle ¥
stk skgAlel S542 0.1, B4 072 HAs)
Qo s wEESE 10032 A getglch

AAAEY B5S F5F F 4 Typel 27/ &
el dig AXIE 45L& FHBIYC Typel &7
o] A AMEE 14 73

recognition rule : If arg?G‘ij =true class,

j=0,1,--+,9, then the recognition result is correct.
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rejection rulel : If maij <0.5, j=0,1,...9, then
reject the input.
rejection rule2 : If max0; < Oy, j=0,1,..9, then

reject the input.
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Typel* error (%) = the number of misreconized
numeralsx100/ the total number of not-rejected
numeral inputs
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acceptance rule If maxO;>05, j=01,--9,
then accept the input.
acceptance rule2 : If max0,;> Oy, j=01,-9,

then accept the input.
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