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A Study on the Implementation Methods of MLP Neural Networks for the Recognition of
Handwritten Numerals and the Rejection of Non-Numerals
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ABSTRACT

This paper describes the implementation methods of MLP (mulilayer perceptrons) neural networks to recognize or reject
handwritten 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. In the previous researches, however, researchers have focused
on the only numeral inputs and have not payed attention to the 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 MLPs have been developed by three methods, and investigated with three error types
introduced. The experiments have been conducted on a total of 66,705 images of numerals and non-numerals. The promising
method to recognize numerals and reject non-numerals has been described in terms of the three error types.
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Fig. 1. Typical structure of the MLP for the numeral
recognition
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Fig. 2. Two methods of the recognition of numerals
and non-numerals : (a) method 1 and (b) method 2
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Table 1. Three error types of a numeral recognizer
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Fig. 4. Sample images of numerals and non—numerals

32. oA EE 43

a9 1, 38 2, 337 39 YErd el e P, PN,

1610

PN_S, SE o F9As (7S o] &3t g3t
At 519 ZH MLP ¢l 7)olE d/de] 2thE ¢
H5z g1 BloA A" A 2L AFLE 54
WEl7} gH ) 22)7] HAEA T sl 2 %
g7tz 4 W7} o] &¥h 2t MLP 9147]= 3hy
o F742¢ 7IAY F5 ==9 AFE 30, 50, 70,
90/ e gastd TaFAL gE5A9 qFEL 0],
F4EL 072 ALY g WHEITFe 100374

Q7159 Bee FED F e 2L A4 7
43 0 F &AL o) §3te] Typel LFHFol U <
A28 Ase BAREG

recognition rule : If arggnaa:oj___tme cass, j=0,

1,---,9, then the recognition result is correct.

Typel error (%) = the number of misrecognized

-numeralsx 100fthe total number of numeral inputs

Q4 FAM O MLP 283 ==
o It w9 EHFEE vt

g2

oy

E 2¢ 24 H2E Holg AEd tha Typel 27
&5 Yeidck 28 4744 T3 =29 7
BolALE Typel 277 Zagn 7 A7EE A
& HudrY, 348 45 =29 8 M=
QA7) A AT BHEe PO 2 F-E0] M won,
PN} 9 F&o] PN_SET} Wt 22y PNZ PN_S9

E weo £ F7M7E AL R P AT

A Uege @ F Atk ¥ 64%9 LFE
g 71%02 w9 PY A< 307, PN 507} PN_se]
A% 07el F0E ET 1S FAY 5 A

T 2 =X HAE ¢fo|ef MEof ofst
Typel LFEE(%)
Table 2. Typet error rates for the numeral
test data set

A7 l%:;_}%_? 30 0 70 9%
P 644 548 S04 4T3
PN 805 634 575 543
PN S 877 8M 688 641




M- " oop o B = T E op T R A7 B! o T T
5 T o% o T oY = 2 2 TRR :o.oliﬁa‘_ﬂﬂﬂ%ﬂﬂi
& N OB 55 = o = oo m R w
7o - C g & L B oo R o S
H 7, ot N g9 70J nmv o |2 aw 7o B Jo T W %o =4 X0 Wy
= égw%& E £ T 5 S Pt R Aﬁiﬁﬂ%ﬁ%ﬁﬁﬂ
Ea 2o © 5 P 5 KRR S A e
B Mmhcw%m% mm w £ 2 8T8 nowﬁéooﬂwmmmﬂﬁi%
O o Y — - ~
s ARTE  gE 5.5 [FRRY Rrogiestos
= . - 5] J— ~ —_—
Fhetey 2°  Twgd olose FeTezjrLLT
L I e 2 ST gl @ |¢ o AR N P o o B
o B oy — oly go &2 = =8 — N mm T m Sl
T = W e T m E,n\m;& Wﬂ,bt ,EA‘Wtu_A./ﬂOCMM
| T o v Ago g A N T N I A C
9 avﬂﬂli%% < 8 T 2% @.05 zﬂﬂoﬂﬂ»{ﬂ‘ﬁoolc,ﬂﬂ
m of =+ T =W s 2 -~ g M EE e =
_sut]nuuan © K = Ko TN o &.o/nbuﬂ
i dmF N o = 2 <K o o o X e W
o & A Nﬁlb\A mh . 4. H = o T ° my -
oF TV.JMH._‘_N 7 em ~ @ ‘M. ) o,uPev# _adﬁat&lmw]
= M = x - 9 3
¢ TRoTIT gz M B LEE 3rOELETeIl
Toheizuz Elg EggancELE D
2 o 0 - .
o O R o W mm. ™ 2 o o ok T oW W OR W
4
X
& H o o o £ g = MU RELATTI F T RES N o m
Tl R s F 3 OO NG T p L BW MR g ol L BT A
Tog o w o o Ty Pap®gleTITNKaag e lF e
< <2 : 5 7@140ELX7 ,%ﬁ/%evm.# B = =
o muV‘.rQ _ = 5 B S ﬂmvd.mﬂ o N
LN g ¢ L Lrafv.oxe B yETNT
o d.,_tmrur_y A L B &]%ﬁAoid.erEo_7.d\.ﬂW R
e 5 2 BE TORTaoR ylvewoanlly
4 o_a ol s = 2 01 mm N T . =r < = ,.AI No e No = ol Jle o A o=
T by oo A vov BT g RNage il o ake g -
Rk B W S S 9B REN G No Rk Sy T BT
w of &g IF % % mw WﬁurﬂzTﬁﬁTﬂM%%Pmﬂ?ocM7wx
oAty o E E L, E Ywg P kN )
g E N s o 2 wHEIEYpTE P gee VAT
B = oo wr D ﬂﬁww;ﬂ7%%%mﬂ,ﬂ3%u7riwﬂa.
= 5% dp DU - B - T S BT T R
— — _— ! X iy
KEGHCNC TS e PRI Os pT o er DEes
mﬂ_uﬂwmmq. mwmmmm ;m.%mqm%_d%%_@@ mﬂ_ogm
B o 0t o gy Eg §°8 o =077 N% X3RN LT mwX o
NEELZ%TM._ .me.mm2w mpmoﬂ._wur‘_‘m,ﬂﬂw.ﬁﬂQWmmﬂ%ﬂomﬂrmwW%
X TEESEE Dot N T R g gD
ey T TIVESE FxmmLeluwr gwmT SR
WE BT g P DWRABE N AR LTNVTAENRNR

st

o

1611

o, 22 oy AEdA

&t
g 20074 ¢ A} dlo]H

Z

54¢ 29 5o tehgth

7 T

=
=

7+ 9071

=
=

4.33

14.62
17.58
16.26

b

<
ald

70
4.09
2148
18.19

50
16.71

4.32

2277 2011
2127

(%)
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