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Abstract

In this Paper, propose for MLP(multilayer perceptron) neural network that uses optimization recognition
training scheme for the wavelet transform and the numeral image add to noise, and apply this system in
Numeral Recognition. As important part of original image information preserves maximum using the wavelet
transform, node number of neural network and the learning convergence time did size of input vector so that
decrease. Apply in training vector, examine about change of the recognition rate as optimization recognition
training scheme raises noise of data gradually.

We used original image and original image added 0,10,20,30,40,50dB noise for the increase of numeral
recognition rate. In case of test image added 30~50dB, numeral recognition rate between the original image and
image added noise for training is a little . But, in case of test image added 0~20dB noise, the image added 0,
10, 20, 30, 40, 50dB noise is used training. Then numeral recognition rate improved 9 percent.

Key words : Neural Network, Numeric Recognition, Wavelet, Noise Image, PSNR

L ME 4 9¢3 9 G4l 20, 30, 40, 50dBY FSol H
FAe WAL FH dY gez HolF oy
AFHE olgsl £xe A4sE AL 60d ¢ HE FLE Y T UASF AAG.

Zo@ Egodth IPlE BFHD WHEE o &4 EF 5FFE PHeRe AT £ wel AgsEx
Z£AE A4t doe B2 A ESHdH. T Qe dojral ¥ WP AESh dAojnd v
o] B2y 2F A2 oud, AEZ 5 o BAF T A HE At A A 712Hd 2F
WE o83 TA Ao oFXm Utk 2 F BxAZ  ARYL 1YY £RY AFdE unA ZARE(FI,
o) &5 BEAME A5 A o T 2L FLo] A 3 dzt 43 ARz AgA @90 o1HE Ax
ox AEHE EAL polrh oA @So] o] Mol B o8 N2 AP SAYH S
Ao Qage A PasA B B =gohe GExd, ARG S ARFE 4 39 == A



2003 @ FMHREAN:Y Bg BF BHAG XL LB 1M/ 95

AT F %, BAY 371 molr] B 53
Hel 271 golsl Ad T A9 Aeul ve 33
Z 289 N7 AU 2R Agsyc

n 83 =&
1. Haar flojB2l

ZA AL EAxoz Mog 3 FHE -
th2] =AM mide REAHQ] ZEH A7z AA
7—‘4°] A&E dte Rol £ 4 Fol gwe 54

Edgiolgr & 4 QU

14]] 1& BT o)Fel o3 I JE
Wx)& 9E 4 Ut} Haar 9 o]lB el 9234 (scaling
fuctioin) KX)EFE wrEo] X&d, 2 FEL 4 (D
Zo] AHeojdtt

Wy = c@(2x) — co¢(2x —1) (1)
=¢(2x) - p(2x-1)
1 if0<x<1/2
=4-1 if1/2<x<1
0 if otherwise

71 A Hx)= A4 (box function)E 4 (2)9) 2

o] ejdt
x
#x) = { if otherwise
kik,

Haar ¢o]H. 2l < @ 9 A HR a9 189 4
e el Az Ed).

ifO0<x<l
i/ (2)

Ob-—l

2. BYYH

Harr 9B g B3 wE AN £52 N ) B
B3 Aen A3z AAHA HEo H{sich[3] et
A B =RdME £ 94d4 EAFEL Y8 Har
dolr

Y WBe AHga,

& @ H AHgdd 8x8 a2 7HA Wl Al gA (47
B", a‘, Db wrEold weEd HEe Avje
4x8x8 F}xe =72 Z:= A ) o (lowpass)d &
(A7) g2 Fo® Fnsh wol AHm, 3 99
(B, 7, DY4dgele d2e 4, +9, yz4 A
27 Aar. dolud MH oy 5N TAR &
€349 54 F2¢ 37 A8 41X =A43E o
We Hg, vms mio
Zrzbe] wpejol wis AW EH,
D 289 a9 94 (47, B, ¢, DYe RE g

guez A 495 £4 94L dojnad wa

°] :
6 16 a2 As @ xA 4 dolng ¥

& 3%,

2) A9 ge] AgaE] Lo 0o] FEE AFL o] &
dted v 7l 42 F (A7) agz SAMg R o
g8tn, (B, 0} 222 T 9¢& AYd U9z
699 e, (DAL ¥% A 1942 A
9% sbed 649 FUS SANEZ ol gaE H

3) {47, B, 199 a3t (Dl de & 9 o
dojBal ¥MAL AY F (K7 [ MH)REe 99
HE2 244 & 3%

4) stARez (AR (B P? &, (57 7
JFA KT, U7 MRES 99 Hgs 24 se
b 0]1:]._
olglgh AEE 4 EAL AUy BE

g Wee 378 ZdozM, VAT &

g Zol7] 9% Aolh.
=28 AF%e 94%5EL 2741717 Y8 549

o A% FEL [0, 1] Aol2 B3 k1]

e g
PN

3. &8 3%

xA g 3Ae] Hrl HEZ PSNR(Peak Signal-
to-Noise Ratio)s A& rhi4d] € =FolA A1&3%
AAL 16x16=27]19) ol Ho|HE 71X EE PSNRE 4

39} 7o
PSNR =10log,, 1 (3)
e
7)ol M e MSE(mean squared error)24, ¢ 44
o W vl G o F FHYd sjga.
N-l Ny
e= 2 (4)
Jj=
o7 A Ny, Note 47 44 Jd9 9, sauda

B ol
B =@dMe € A 3NN 28 SAUEH @&
#F 4 =z 9449 0, 10, 20, 30, 40, 50dBe] FH&& 4
< 9Be2RH £28 53 99 %€ 25 Fd9H
[«

2 AN E A A ES Agtel W S E o

. 28]

TF71E 3MY Fo2 oFHA dAF AFTY F=
[B1E8 7t d¥32 SAHE 9 a7|A 208709 =
ZE FHHn 2€F2 2 94 0~99 deHE
= 102 PEEY 2YFe k= & 42 74"
9. Z 39 xEE UE FY =9 AAEFE o
AAE7|L -0.01~001 Alolo] BEEn HFgko]l 0
& ZEE 33, gAnss dndE6]S ol &dd st
¢ JYgdo dAF JdAY F2E a9 18 2o



96 /dleolBdl £ &L o] 8T AN HA 3

EAZ10

e

8xB+3xBxE

m. s ¥ v2

Agel 29 A d=zzddl A= 1274 2
WA, 0~97H 2 1207148 A&k TeHA 57
WEE 2457 A8 713 HHe olgstd Asa
o,

D 4% At @¥9 doj2d ¥E F 238 419 9
447 B O D) 2R o Qg e 24,

4x8x827] 9] A& o] 881,
2) 49 Bt £A949 713A 0%te]l Edue &
ol g3t {4} U= ol gt (B, O}

4 AP YA 699 @Fwg, (D)
7HRAE 194 S ALY Jhed 649 @t
HEl 2 o] 83 e AS, F 8xB+3x8x6327]| 9

231,

A7, B, chRes, (D dena

W9 AR T (K U MORRe 98

el 2 A A, 3x8x8+3x4x43 7] 9] F4E& o] &3 1,

4) 49 De (AREn (B2 FP? &9, |77 F?
T3 KT U MARre 99 dg=s 2R,
8x8+9x4x4A 7] P4 & dHHEHE AL B9l

o M
"

off (L ox fo oX
dn o

ox to rlo ffu e
tlo
2 oX I

L
s

3 C

rir

E
R
o
r

L AHA AED
Q48(%) | 9833 925
291418(% | 083 5.00
ARL%) | 083 2.50

FANTH(Z) | 937685 | 601525

-AlE#H ol A4 P4-15, 256MB
E 1. YHYHE QAE ¢ 23A2 HD

C, D, Ex 49322 d4g0] %e ¢ & & dvt
Mot B =gdAE g S A423 yunos
Fe EANTBS ZE AW BAA A8d SHUHEz
2

Barelnh .
ol H 22 F4e AR T Aga)
Ztzte] 16x162719] olm e} 20, 30, 40, 50dB<]

‘Hz Adas AL

#g¢ ook Fed Axol Be HH A4EL 2
7 Ad BA b e dde dAsEnh 49 lAE
A %4 FPVe FU) AEE o, 49 2&

3 9 g4 50dBY) Fgol ¥ G,
49 20 83 FA dolHdl 40dBe] Lo

%, 49 4t 30dBY Feol HA FAL, A
20dBSl F&ol M 942, 4% 6& 10dBe)
gol M9 GAE, AW 7L 0dBY Fgol HA I4

Aol A8 Holth BlAEM Age £AE Fd
of ALg-® 9 A4 1207FA9] 0, 10, 20, 30, 40, 50dB2]
#e8 A 36007112 AHEselch

2

Hq (A1 282|483\ 4844854
A &(%) (8059 744 |80.95|77.14(79.88
2A4&(%) [12.73| 175 | 10.83|12.97| 9.83
AR-£(%) | 666 | 8.09 | 821 | 9.88 [10.23

¥ 24 R AR A3
¢t 0, 10, 20, 30, 40, 50dB9] F =
Fdog AERE oW AHLo] M FHolu
o a9 2 74 439d FE e UE A4 E
Bt Z AdgeA 30dB~50dB Ateld] &
Fa M= A4 &l 90%0°]¢& HolA gk, PSNR
o] 20dBeldt FHE UHgo] FF3 #LHYE B F
Aot Zzte] ddoiMe #ad &L 19 3~9%
2

v. ¥ B
E =RoNE e 4 £3 949 2488 kol
7l 98 ARFe) Ao e MY AL A ol

dolEel 0dBe Feel M9
0dBS] F&ol 42 F¥e AN B 4Fe

°|7l W&ol

120

100

80

60

Q14 8(%)

40

20

0

£%8 50d8 40dB 30dB 20dB 10dB 0dB
Satoll et FS(dB)

8 2. AEE I3 S0 GE AAME



2003 #H FARBEANLY BE BF BRAG L LE 1R/ 7

ER EL
120 120
100 100
3 80 ¥ &
O o Al
¥ e 3 e
o 40 o 40 ‘
20 20 8
o . , . 0 L . , ,
S&5 50dB 40dB 30dB 20dB 10dB OB SES 5008 40d8 300B 20dB 10dB  OcB
Fatoll 442l BS(dB) 4ol 42l TE(dB)
J8 3. AE12 2 &3 o0 O dAas J8 7. AE59 F2 &8 JA0 s JAME
]
a2 e

PEE 50dB 40dB 300B 200B 10dB  0dB
F ool 4 B&(dB)

FxE 50dB 40dB 30dB 20dB 10dB  0dB
Hatoll 442! #3(dB)

=2} Al Of HS X2 HAF St OIAI2 = =
T8 4. 6829 2 TS 40| OIs 2AE a8 AISEO S T2 AN CiEt olalm
23 LN
120 120
100 100
g 80 § 80
* 60 W g
od ir
40 o 40
1
20 20
0 R e e ik 2 o
oxre
FHE Sod8 ;";a] ;2?2:?;‘; 1048 0B S&E 50dB 40dB 30dB 20d8 10dB  OdB
=Bs Hatof 4 FE(dB)
21 AT Q HES RS A Sk OIAIE = =
-8 5. 4839 I TS JHU U UME 08 9. ME7Y AP TS YA e AME
=
a V. 323

[1] Suzete E N. Correia, Joio M. de Cavalho, "Optimizing the
Recognition Rates of Unconstrained Handwritten Nummerals Using
Biorthogonal Spline Wavelets,” IEEE conference, Pattern
Recognition, Vol.2, pp 251254, 2000

{21 Seong-Whan Lee, Young-Joon Kim, “Multiresolution
Recognition of Handwritten Nurmerals with Wavelet Transform
and Multilayer Cluster Neural Network,” IEEE conference,
Document Analysis and Recognition, Vol.2, ppl010-1013, 19%

el g (%)

2HE 50d8 40dB 30dB 20d8 10dB 0dB [3] Y.Y Tang, LH Yang, World Scentific, "Wavelet Theory
Bol el HE(da) and Its Application to Pattern Recognition”, 2000
02 6. ABA0 A IS AAN HE QA= [4] Auls, "E-83< goj8gl B LueEE ol &%

FFFEsl A% A7, 2K 193

5] R, A3}, BN -, BRenl, APy,
179 pol5h-360, 1998

[6] REQ, Ws2WAL “ATAS, p2A5-254, 2001



