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The Construction of Decision Tree for Rough Classificaton
in Handwritten Character Recognition

Y OSHIHISA SHINOZAWA! and SEIICHI OKOMA?®

Generally, a character recognition system classifies character patterns roughly in a first step
and then recognizes them precisely. But such first rough classification is quite difficult in
terms of generating classification boundaries. Therefore, our approach includes not dividing -
character patterns into many categories at one time but to classify them into a few categories
step by step and to construct a decision tree in order to improve the classification rate. In this
paper we propose how to construct a decision tree for rough classification. At each node of the
decision tree, the groups of character patterns are different. If the group of character patterns
changes, the feature that is suitable to classifying them changes too. The group of character
patterns should be classified by the best feature. When we classify character patterns into a
few categories, we use a total index to select the best from many features. The total index
evaluates not only the classification rate but also the balance of the decision tree. In this
work we constructed a decision tree for ETL9B. The results obtained from our work show an
increased classification rate of character patterns.
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Table 1 Rough classification of character patterns using
Kohonen’s self-organization.
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Table 2 Construct of classification boundaries by

relearning.
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Fig.1 Backpropagation network for relearning.
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Fig.2 The problem concerning local construct of
decision tree.
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SHRE 37.0 44.63 191 5
ryho¥— | 66.6 26.34 106 23
HETEE 58.8 25.18 97 26

®4 HFREILOBBOERE K

Table 4 Number of times of feature used for each index.

FRL:EY | 28E | =ritor- | %ekE
Ay a 8 8 5
I3 0 4 3
FI#E % 3 5 7

W 13 2 5
B4 A 3 5 3
RN T LI 4 7 8

FRLZEBVBETEEELEA LHATE TN
FUALD BT MELIE L A EER AR L
Tz, 20#FE, K3 oz bo—kadiE
TREIN—TTLOXENY — v EDOIESDE (BE
HRZE) IR U0 KA IRIED FI ST/ 8 —
VEBIURKLFNY - VEIVNEL B EVIR)
BRN, HARELHWEES, By —v
BBIUBRRXFNN Y-y bu—%Hnr:
BEDIREEETHOTIENTE L,

4.2.2 BP L& TEFE L A48

KICER LRI LTBP 2 WTHESEE S
W72 BPIZE— AV VER RHW, BE— AV M
ETOBAICHAT S 2 20RE, FEREE 0.5,
E—- A MRHIZ 0.9 & L7 FEEHUIZT T 100
EEEELZ. BP #v b OBNUVEOKIIFEET 245
BANRZ PIVORTE L SR E FHERL D 16
LEE L.

KHROEDT V=T o ORNERZFDOEICEL T
THOBP v b »LOBIEDEFTE Lz, T4bb
31D BP AV b L OHRNEEZRDTWE, KD
KR ITLEFF LHEALL=2—-F %y b
T2 L CREE TN — VR RGESE .
EEBEHECORBOEROBEREER S IIRT. o
R LATHEDICT N =T I TELLFNY -V
DEFHERARILFY =V BOEETCE - D =
ETHAB.

ING 3 DDIEL BT % & LN b FIRENSHE
BIEDS, 3 LLBL CAB & FEEEET —BKY
AL T EDTELHEATHEIFHRIRICBOTRLE
BRIECTHBIEEZRTIENTE
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Table 5 The classification rate of balanced decision tree.

i SEE | TviruE— | HAEE
E1EE | 95.2% 95.2% 95.3%
w2RH | 97.9% 98.1% 98.1%
#3EH | 98.9% 99.1% 99.0%
EABER | 99.2% 99.4% 99.4%
E5EH | 99.4% 99.5% 99.5%

®£6 EKFOEOLFNNY — VRO LRE RO 75K

Table 6 The result of unbalanced decision tree.

it WE/ N | RER/-FE | SEE
SHRE 3 16 94.2%
Iy ha¥— 4 10 95.7%
AR 4 8 96.1%

4.3 EHR2—ADSE #HER L5 VWHERADOER
EEB2 L LTRIINT Y ADENTZARTIE 2 (K
DET N —T TUEST 5 LTINS — V805 M BT
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TW—TBEOBRNEIZDEIELETTDOBP & v
FrLORIEDEE E I NETCEBLTCEL/—-F
BCglo/fEL L., ZOBRERE IIRT. K612
AR L2 EATRBEOET CORE / —F ¥, &
B/~ F¥, REFLF/Y -V OFEELRL.
R6 LW HEEOHLHFHEROBEL LIRS,
FEEIING Y ADBVRER->TLIY, BRICEW
HMATETLES. BPIZIDVEFEL WAL L
Vo TR T 5 & & DOSEERL 100%127% 5
BOWRYAROE SHEL & 513 EDEAREEROTER
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Table 7 The result of decision tree constructed for ETLO.
O RK | R | AEE
Ay va 242.3 412 63 84.2%

Eij=td=y 427.3 | 619 | 265 | 78.6%
PALEE S 281.5 | 409 58 86.3%
g 192.5 | 406 40 86.8%

RG34 321.5 | 525 | 102 | 80.5%
~NYT7=TM | 185.6 | 434 78 | 87.6%
SRR 145.3 | 215 | 103 | 93.2%

NG Y AREEB L. FRTAHIISERADE S
4TI Ay Ta, HIBE GBI RV 7290
Ny =D ATEEPSERL, 2N 6 BE TN
TOEM» L BIREESH T L2 L7, Kohonen M H
BB TR HEREIZ =09, FEHEKI
200EE L7, BEEOLDIERTALBP Ay O
BENBORITFHERLVESI 4 FTHIM, +h
DAREIE 32 fE L B L7:. 2Bk 2 & Mk BP iXE—
AV MEERHVE. B XY MNERFIBSICERT
% 2 o0RE, FEREIT 0.5, T— XY MREIZ 0.9
L7z, FERPEKITTT 100 B & EE L.
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RIEHELIIEBECEND 200 & Lz,

KBDEDT V=T ORNEIZFDECELF
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ThbH. K8 THMEREZERT S ) ZITBVWTE
RENHFYOFEHEERT. £9 TIIEs BEZ
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Table 8 Number of times of feature used on decision tree for ETL9.

ik Avia | BERE

HIME | WHR

N T =TIV

BWE4FT 5 —
AR 21 9

S D5 A
3 —
19 12 26

®9 ETLY OKRGHEORESEE
Table 9 The classification rate of decision tree for ETL9.

RUTZ7xIN | SFK
%1 1EH 87.6% 93.2%
% 2 174 90.3% 96.5%
%3 R 92.1% 97.8%
54 92.9% 98.9%
% 5 B 93.5% 99.1%
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