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Recognition of Handwritten Numerals using Eigenvectors
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ABSTRACT

This paper presents off-line handwritten numeral recognition method by using Eigen-Vectors. In this method,
numeral features are extracted statistically by using Eigen-Vectors through KL transform and input numeral is
recognized in the feature space by the nearest-neighbor classifier. In our feature extraction method, basis vectors
which express best the property of each numeral type within the extensive database of sample numeral images are
calculated, and the numeral features are obtained by using this basis vectors. Through the experiments with the
unconstrained handwritten numeral database of Concordia University, we have achieved a recognition rate of 96.2%

FIE
Handwritten Numeral Recognition, KL Transform, Eigen-Vector, Nearest-Neighbor Classifier

LM 2 2 43Rl EF AEH 5 g 8ok
A #8344 482 & 9Ed, 98 £A9 2
42 AFHe F4¢ 9RO Bt AE A A g€ 4G AF, 214l wet verabl bt
2de 483 A7} ¥eE AYsHn Yok §§ WAY WY, W) 27 % W) 449 AT 54
A 069 5 e ATHo & EAANL 5 s@sicl ¥ Be wAZel A7) W olH@
AT AEH D Aol A% BF AFH Fo 27 RE LAE IVY £ YL A4 299 Aol
o Bt J1eEA 1 S48 B BRAsel ol Agolth M A4S FY2 98 U
FUdHoz BE A7 o)FolAI Atk BAA  welH AY B A4 HAF Z eAdAY Ay
He) @ okl WA £AUNE £ 2 o= @ 2 s1&e el U@ BE AT} o %ol
Bl 9402 el dFHn ov), oF 93 1 YrHI-6l
A £AANE AEIEY AE, $UNE AT A4 dwHez A4 Axdd 45 A47Y FF

» ZAstn HIWATEHE, REYESHATL AFH ~ ofFdiEn XN R HoSEE
we HUED HEEAUZEHE AR - 2002, 10 17



o] &3 HrA RAUA

R LAHEE

AA7|17} AAgshe EA we z9-g A Y
olF ME o|Fd A FAY AolHE F EE
e FAG Ao2A, FHH EAY
ek ol FL& EAold w2 ?.’%‘%
ARAste Aoz2A A7 wEt ge F57
I ek F71A 22k A4S AT dEHY o
719 525 =AE FAP%eE dx9 A4 &
of 2A% UA7|(feature vector based classifier),

o] Fel Ao 2A% FE2HQ 147 (syntactic
and structural based classifier) @ A733=&
0]-83 914 7|(neural network based classifier)%-©]
AH5-101. 71€9 "7A AQHEL PR
e 23H¢ AA7] AAC o QF7r i

o -

r-{ﬂ o Ix mlo >

W 545% Y ARE A§E delth 28y
AT F Qe BAY TR ARY AHAA 2
A7\ AR AAEEL Folt dolt Hr

Ao, QA7 Aol dE A aA YEF]
H 3o £ o 714 oA4904E AT AE2E 54

F27149 Age] Wag AAolr

e P J—1°r‘?‘1‘51(eigenvector)~§— o] &3¢ o
A 22 A7 E At B 7HE 24 3
B A& 7)¥Hholistic view approach)o.& 3}=
QQAEMH o Z A KLW¥Eo] 23 nHWHES o] &3}
o BAHLE =AY 5HE FEFIY, dYrlrE
#H A7 el(Nearest Neighbor) 71¥& ARS-gch, Aot
g 7MY A% d2EE 98 Myttt Concordia o
&9 %ﬂxﬂxx} dolElHlo] 28 AL§ste] AYPsEA
o AY A 962%9] AANESL 4L & AN

Il 21 KXo A2

Q714 <AZFE A4 {4 5AL 194
o2 237 HAilMe £ 5HJ FEd UA
A 22 AAEsr dasth aHHEE o
&3t 229 EAE FEEYU YN 27
7t ARk #rh makd A R dACAME
HZMHE o] &3 g4y &4 2 g wHe AL
a3t 2AFFE ARE AVIE2 AV)-AFged 1
F JAE T FEE ol FT. B o
Az]-Astd 2RG9YLE AR GHol=ZR o

AA B4 oA syt Hasid
6}7 3%‘7¢(dllalt10n)‘?“i’.‘lg g3}
7}117} QEE ”&-‘é

—‘?Lj_

'—35}-3‘] TZ]' O]*]'B‘-’J
a% Axee) A B
€ Fyvsh o 473 5

KLAZE F2 F4U4F BokilA AHEH e
Y} 19879 Kirby 9 Sirovichel o3 €&14 A+
of oa] HEAAA B8 go] dHT o B
e W BHEFAAM 4 d4sd 5He AR
2 gdste ‘—“151:3: gohll= oA, o WEE
FolF B ¥ 94E9 71A(basis)7t He HH
o]tH11-13].

KLAgE 949 doHE 4a4e] 8= As A
oz WA= WE WyoerA 94Y oy
224 BAR(ENA g A NAYrE dolHE

q@sy) Wgo] 7$AF $EES 2E dolEd] )
siAe dolgel $4E nho 54% 27 gow
A A RAgsAY e Ades WeA7Ed g

oA HAe] HMEIAE AFTITH11L

N2 249 M7 9H xi2 F4¢ HEe9] =23
xol 3 7l ZHexpected value) mx$t FEA &
(covariance matrix) CxT of&ll¢} Zo] Aitdc

ﬁ X; (1

C: =E {(x—m)(x—my" }
=L 3 i )i m) T

ol e

ol

m, = E{ x}=——
(2)
FRAGPE Cxe A4FE 7129 dH o7 &
o, N27iel AFFR €] E(eigenvectors) &
T73e AL #q Jhsstd o)Al Cxo AHFIE
(eigenvalues) & A7]E0Z HA( A Ay - A W3
i a6 ggste 2t AAHMEE ey, ez ... e 0T

TE ¥, olF o848 tgel YUY AF VED.

54

987



AR YHRFANNI =24 A6Y A6S

=[e1 €r.... eNz]T (3

q71A, HE A9 31‘”5‘}1 P& M 2 2R
WeHE LRhgE oD, A% P& 7pg Fe af
gol dese nfdeet. 2™ o] gd Ae

dHHE xE
s, o] Y&
dgd.

AEE vy AMA)7)E Wialg o)
& AHEslel te ) e KLHEe] A

y = Ax (4)
& nguEg Ay y
9% & doke Aol
AgPolmz AW AT
o A-1=AT7} &, ©
s tga Zol y?r—-‘?-Ei

)

B

2

ol

X
Ljﬂ.;r‘:.'

x=Aly= ATy (5)

g, Cxo] EE LAHEE AMgste didldl K

e 7 2 nfAe dgste K9 niHHE

g AHEEte] W@ d AKE FASCE 4 @)

A dE ye Katde] Hu o] WAooz FiAe

e xE o ol AEw EE}H #o] HA X3

AR 7L @t o] EAMA] x'E Hg FA0E T3

k=3

= Afy (6)

olul, x¢ x'Atole] HF AF A=
o2 FEAY.

‘E‘T"‘]

€ms = gl/h- 2‘/1, (7

714, AjE BZ FAE AFE R @i
A4 Me 7 € 1REES 89 e KAY 24
HeE Aoz A 9_ }% H23E + dde A
< RAErh &, KLHELE A2 AF 249 9n
oA FHH ﬂ°lﬁ} KL‘?‘; o 7124 Ade 7
A HeEE ddgst=d glolA HWE7E 2189 Rl
HAd LFE RS 3a, B HEHE 0o A
3 AAAGE 7Y W3 E ZEE0] uAgdRHo] ¥
=& gle=d Ytk

B dFeA AAse 2254 3% UHe KL
HEL AMgshe Ao2A, 4F 2494 JdE 7
Adee] Jgoz FHESY ol LAY A4
st ol o] e AHAA FRE G

988

% i}, Zéjtﬂ KLe#E 2zxoz 1x%
224 dlolg]l &
744% °ﬂ ol AH&TY olE 1xdY HEFHE
WA F AREsfof dot
WA, 224 dojHd A g KLH#E A4
8171 Y8l 2717 NXNQ MA Y £xpg4g 27]7}
N2x19) 124 9 Lk, k=12, . M2 7|1 2%

oe 400 oal ol5s BREYH FE TEh

_ 1
7~ L 211k (®)
g3, ZF w2l A HEgAe W Abo| gy
o Tt
¢k=Ik—¢ ,k=1,2,..,M (9)
olA), M7l¢ ztoldd @F A143td Fold £
Agee EXE 7P 2 Yehle MY Z3
FHE ukE T o] ukE A (1009 FERAYH
Co nHHEE AdgezAq T 4 dd. old
#8 Co 7 & HUEE AFsd Aneos
Z 53kl dEsHe nHHEE Fajor ot

=L S 00l =BB" 0

Aq7|A, 88 B=[0,0,... O] o1& ez
doj aHHEE S e 94 TEA NxNeg A
Wgsd 2w £A94T golg "ok o
He 48 £49459 #4802 49 & ok

99, nfEE ukzb TEAE, A (1) g8 9
olo] A Io o HEx Y Q=[wlw2,.,
wMIZh F8A 3, o 7HEA MY Q7 A4
o e SHAE AT

wy = ug(I- &) ,k=1,-,M (1D

SH eARgde g Mol 149 WEsE £A
Pl A4 N2uth Ze Agole gugle nh
HY AFe M-UI7F 532 yez] a/49EEL 0
o Azl SFU o Aol 4 (109 B
C2¥H A3 2fung F3he Aud 49 BTD
9 1fdE vkE 9A —?6}1 uk=BvkE A&dte
24 EC} He AdFgoz ufHeE kg FY
AH12].



o] EAFEAAN HA 13](Nearest Neighbor) 7]
Qg FHaAg 71YPE A
%2 dlojeiMo] 2o A
A A HEGoHES Had AvoHE A
315}"’ o|ZRE Ztzte] &zbd Ui S JdEE
& T olgA FulE 4 £xd d# 54
#* %]‘4‘: o mlx|g £Ast olHl FFe AANE
3*7“3}“ g AH8€ & shte] nx] a7t FolX
W 19 ERRE FE3n I M 7t
e g £AE o] nXxate] HA w£x FF
2 gH g

l

V. g 2 Ao

AXE 7Y F5 H2EE 98 Pentiumll 400
PCAlA Colg AMg3ste] APsigich £ dAgelA
A8 &2 delee AUt Concordia Wighe]l ¥
1A 22 dolg o] 224 ol F 6000718 =}
E2 FHHEY, B AP s o]F 4000718 g4
& A MEZ AMES YHA] 2000718 HAES
FAZ AESIET 2Y 12 o] do|gHo] 219

£AE d¥E B

SR L T8G023))
127454 790/ 1345
IR PEYSITVYESY

3% 1. Aol AFESE "I|H =XEQ o
Fig. 1. Some examples of numeral data

L71A A B FEA ¢A 9A gy
#o] APl AAYE FHIAL F, WA o
e AYEE [B5%25] 2712 an-Zwss &
AR 1508 AHEst F4E oA et aln
o] 43 83l MAMIE FYstm aF 139 F
AARE FAstd cAMY {718 YASA wE
QArr. 2% Fd Qg 23 st =2 £
< 9% AXge gEso

-hu

] /\loi/‘i % 625
1%»%‘151%— *}%EJ"E
W shte] kg Aol didl 8009 53 T3
a8 7P A 54 AHEEd 5784‘7%‘011
A HA A8 (Nearest Neighbor) 71\ Ap&3sle 9
714 fl}?l’ilg et on, AAE 7 o3

962%9) ANEL AL & AT

®1e AE EA2E Tl &% £A914e 2
3g 2o of HolH =¥ 1Y Be o4 Uy
9 ASE 24 73 10 A2 E5E 399 24 59
30] A2 E£58 Z92A 47 6319 24 U
Wi ok BAA 242 AA HGA & 39S A

ﬂfsn £ 9 ge ad) vid og
2 2qxe] ehd & U

RAA Hot
Re g Azhe.

E 1. ®lotEl Exlo] o5t oiAlAD}

Table 1. Recognition result using proposed feature
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avg 3.80 [96.20
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Table 2. No of used eigenvectors vs recognition rate

No of engenvectors Recognition rates
40 95.95
80 96.20
400 96.20
625 96.20
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