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Recognition of Handwritten Numerals using Hybrid Features And
Combined Classifier

Joong-Jo Park, Young-Gi Song, Kyoung-Min Kim
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ABSTRACT

Off-line handwritten numeral recognition is a very difficult task and hard to achieve high recognition
results using a single feature and a single classifier, since handwritten numerals contain many pattern
vanations which mostly depend upon individual writing stvles. In this paper, we propose handwritten
numeral recognition system using hybrid features and combined classifier. To improve recognition rate, we
select mutually helpful features -directional features, crossing point feature and mesh features- and make
three new hybrid feature sets by using these features. These hybrid feature sets hold the local and global
characteristics of input numeral images. And we implement combined classifier by combining three neural
network classifiers to achieve high recognition rate, where fuzzy integral is used for multiple network
fusion. In order to verify the performance of the proposed recognition system, experiments with the
unconstrained handwritten numeral database of Concordia University, Canada were performed. As a result,
our method has produced 97.85% of the recognition rate.
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+ global feature([4Xx4] 1A

+ BEFEA 2 = mesh feature([10X10] 17}) +
crossing point feature(20-D vector 171)

« B3E) 3 = directional feature([4Xx4] 47)) +
global feature([4x4] 178) + crossing point
feature(20~D vector 171)

Ao A AME3 NARG RV BF F
A A& st o, 1o AMGE g {%L}.
%, 2E AdAHFL (0112 AFsisld ALgsigon,
JYrese H3 EHEAY 84 AFR A
e &4 %S AMEEIE R, 24959 24w 9
REF9 %E F8tAYt FHREST 24 0~
9ol t)-3-3ke] 107e)th. 2} A B 2] A4
099 & 079 A& At AP &
tlole Z 3= it} Concordia tiahel "7A et o
olEjMo] =& AgEtFon, F 200070 A Hlo]
B E 47327 g A83AL, sl AL
&M L 2000708 & dlolH & Abg3ste] HAE
FYPgFo M 2 Q127 AAEE ZAIsIAT
4-?}, AAA 2512 FAA7A 7ZH A s 2ol A
AREE A AR SE(RC, rejection criteria) &2 1

A (D& AHgss=h

n_ﬂ

__0~-0
RC= O F 0, ~— @)
A71A, O 2B gzge) 743 2 Hegholn,

Otz A A3 Zge] F HAZ 2 &84S Y

oAM= RCC (0.2 270 &gy dye
71-:—5}93‘4. aE)a ANA Y] M E(reliability) &
2l ®)2 ALt o] 29X Recog.= 54 &4
of dg AAHNES vepllY, Subs.i= 5% <3}
3 2204 8E& e

Relib. = R—eli—‘zg’%— X100 e ®

=
>

g AFANI1Y RA4Y) Az g
A5 o A8E GUAAIIE A
CegdA] AN 2 25 Yeh
Feixw, wd o] AYAAHE YojAE
719 Bit AHEE AT 2 F2147]e)
Faed AEE WAHRY AN
WA WA PAEE g o Al A

o
rLio r“‘

2
_{'0 e

7o o
N;O Fie

!
1
A
o2

1’Er
:

me N
)

i wlo o

s qo

&
o
SN

oo &
r.ap.\r.'i‘l)i
_.Ol

3 1—3— %‘E}—Eﬂe} 18 A3t A4 ARy
719 QA4 E A3E 2ol oy, MAFEY

719} AL i 5SS 73 [0,1)40] 9
2 Atstetrl $138 4709 directional featureel]
EHKHH—" EA®S 1002 ol ALEsidZ, 1709
global featureol thal|Mi= §AgE 122 po] A}
43140k ggAlol veld 8 oE &2 0.8%EA
o] &A= & EAdolHA 9% & A+
Ao} H2EAY g st B 18 BYE 24
‘89 Q1A Eo] v el o) AHEE &
o] A7} [Ax4)Z A v g Folr] L} ‘Fo] 7]&o]
A QA WS F& Feojd o] 5L g9 HHl
& HEHVVL o] gL BAdn

¥ 2+ BEE5H 28 Al4std A¥s AAEY
Heolarie] Qg Aakg B} gald vEd
St o &2 0T%EM o] A BEF 1
By i $53) ¥ 28 RY 23 29]- ‘39 2
Ago| tha vmAgt AFHoF g HFPEA |
o 4% QA ES Rolwd, o) o] HgEA]
z2te] 2 A9 548 F 38y FoE &
Mgl

# 32 B3EA 38 A1Estd AgS

! NE A9E Bk ggAld vEd

001% M of S Az gAe &

%‘i-iﬂ’-ﬂi
_.2:.1_,

.,

AB=

19



FRHFYGR T A=A A AE

m

5 oMt e £

RolA HZol
of BesAe AL Ao T BHEAY F4
uth $590, ol BHEYl 23 2RH 54
3 geld 54 % P2 548 vF XH] 9
roz Azdr

Z 1. SEEF 1o cfst FeA7|e oA
Table 1. Recognition result using feature set 1
Pattern | Recog. | Subs. Reject. | Reliab.
0 97.5 25 0.0 97.5
1 98.0 15 0.5 98.5
2 93.5 4.5 2.0 954
3 M5 55 0.0 94.5
4 96.0 2.5 15 97.5
5 95.5 4.0 0.5 95.9
6 96.5 20 15 98.0
7 955 4.0 0.5 96.0
8 88.0 12.0 0.0 88.0
9 96.5 25 1.0 97.5
Avg. 95.15 4.10 0.75 95.88
E 2 SEEZ 20 ofst £2A429 oiAH}
Table 2. Recognition result using feature set 2
Pattern| Recog. Subs. Reject. | Reliab.
0 98.0 1.0 1.0 99.0
1 100 0.0 0.0 100
2 92.0 7.0 1.0 93.0
3 91.0 9.0 0.0 91.0
4 97.0 3.0 0.0 97.0
5 93.5 4.5 2.0 954
6 97.5 25 0.0 97.5
7 96.5 35 0.0 96.5
8 93.5 6.0 0.5 94.0
9 97.5 25 0.0 97.5
Avg. 95.65 3.90 0.45 96.09
H 3 SEUEZT 30 ofst Fela2|ef oiAAT}
Table 3. Recognition result using feature set 3
Pattern| Recog. | Subs. | Reject. | Reliab.
0 975 25 0.0 97.25
1 100 0.0 0.0 100
2 93.0 7.0 0.0 93.0
3 95.0 5.0 0.0 95.0
4 98.0 2.0 0.0 98.0
5 97.0 3.0 0.0 97.0
6 96.0 3.5 0.5 96.5
7 98.0 20 0.0 98.0
8 97.0 3.0 0.0 97.0
9 98.0 2.0 0.0 98.0
Avg, 96.95 3.00 0.05 96.97
aAEe 2 4% ZH7te] BEEA S Y¥er
stz 37le] Helavle) g HAYRoR §HE
ARAN 7 E ALGstd 21914 HEe 535 23

20
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Table 4. Final recognition result by proposed

system
Pattern| Recog. Subs. Reject. | Reliab.

0 97.5 2.5 0.0 97.5

1 100 0.0 0.0 100

2 96.5 35 0.0 96.5

3 95.5 45 0.0 95.5

4 98.5 15 0.0 98.5

5 98.0 2.0 0.0 98.0

6 97.5 2.5 0.0 97.5

7 98.0 2.0 0.0 98.0

8 98.0 2.0 0.0 98.0

9 99.0 1.0 0.0 99.0

Avg. 97.85 2.15 0.0 97.85
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