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An Unified Neural Network for Handwritten Similar Characters
Recognition by Using Peripheral Local Outline Vector

KEITARO HORI,t HIROKI SUGAWARA! and AKIYOSHI ITOH

We have proposed the feature extraction method: peripheral local outline vector (P-LOVE)
already. P-LOVE extracts a feature at a peripheral point on a character which is scanning
from 8 directions around the character. In this paper, we propose the unified neural network
(NN) system in which each NN classifies patterns depending on the P-LOVE features for
the different peripheral depth. Experimental results show that the system achieves higher
recognition rates than a single NN for handwritten similar characters of ETLIB. In addition,
we consider a rejecting method by using a majority decision of NNs in the 1st stage.
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Fig.1 The feature extraction of P-LOVE.
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Table 1 The sets of similar characters.
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Fig.6 The number of principal component and the accu-
mulated contribution ratio after condensed for sim-
ilar character set A.
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Table 2 Recognition rate of the single neural network.

e BT ﬁﬁ; s
A %Y 99.69 99.81
FS:] 85.75 85.06
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Table 3 Recognition rate of the unified neural network
which utilized the features in peripheral depthes

(%).
%gzii?mﬁlﬁﬁzmﬁ3 #e
25| 97.00] 99.44| 98.81| 99.94

A 40 | 60.94| 83.38| 73.31| 88.06

B 23 | 99.56| 99.56| 99.56| 99.94
H | 92.19| 91.94| 87.44| 96.81

2| 99.56| 99.63| 99.13| 100.00

¢ KA | 88.19| 86.63| 82.13] 94.63|

b 2% | 79.50] 99.81| 99.81| 99.44
A | 20.13] 92.19] 90.94| 94.50
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Table 4 Recognition rate of the unified neural network
which utilized the features in random (%).

BROUSCEES | XF | B (%)
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Table 5 Recognition rate of the neural network in each stage.
BEERE A B C D
1B ENN
i (BREEL,2,3) 1BE 2B8 a?$ 12 2BE %@x 1% e maE | oo 288 a?ﬁ
EmE| ® _ ©6) EEEm | 9 )
EFS . B % ERRE 5 EREE
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5 2:1 15 15 100.00 6 6| 100.00f 12 12| 100.00 43 43]100.00
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0:3 277|  169| 61.01] 36 16| 44.44| 64 29| 45.31| 682 611| 89.59
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Table 6 The decision of the neural network in each stage.
@ FEIFEEA © BLICEEARC
@ SetA ©SetC
; 1BENN (8E1,2,3) a é@iﬁyﬁ, oao ; 1BYEINN (R1£1,2,3) a é;;?;ﬁ /a0
5 fE% ¥ E%
2T—H 1543 1543| 100.00 oT—% 1580 1580] 100.00
| 20H 39 38| 9744) || 20-% 17 17| 100.00
| err—xn 18 18| 100.00{ | &I »rrm 3 3| 100.00
& 1600 1599 99.94 a 1600 1600] 100.00
2T-X 927 882 95.15 £T—% 1315 1294  98.40
x| 22 % 515 410 7961 || 20— 234 184 78.63
R etr—& 158 17| 7a08| |8 [ eTrx 51 36| 70.59
il 1600 1409| 88.06 Eig 1600 1514|  94.63
O BECCEEEB @ BOCFRED
b SetB (@ SetD
); 1BrENN (51,29 a i%;ﬁ:l /e i 1BYEINN (R£1,2,3) a éﬁ;ﬁ;ﬁ; o/a0
Hisg % g B
2T—& 1587 1587 100.00 2T—& 1301 1301 100.00
2| 20-% 10 10| 100.00] x| 2o—% 178 177]  99.44
glatr—= 3 2| 66.67] | ¥ | 2r—a 121 121 100.00
gt 1600 1599] 99.94 # 1600 1599  99.94
2T—% 1410 1402| 99.43 2T—& 377 359|  95.23
x| 2o % 150 19| 79.33) |4l 2o—=& 773 730 94.44
4| etr—& 40 28{ 7000 (4| eTFR—%% 450 423 94.00
it 1600 1549 96.81 # 1600 1512 94.50
F7 UTxr FREBIE (%) RESCT +8 SWEE 2, 3 ¥ NNOBRIER (%)

Table 7 Rejection and recognition rates (%):
unknow set.

BLOFELE Uy bR | R
A 42.06 95.15
B 11.88 99.43
C 17.81 98.40
D 76.44 95.23

I MMDOEEDHE L T, EFLFETH20%D
BWEis ZoTWwa, Zhid, BUXFESDIR, B
Hx XFRTHIN TV EXFEITET > TWED,
SRR 1 TIZBEBLL 72858 R 7 VDS ShTL
FICEHRERZLEZOND, 22T, FHUXFE

Table 8 Recognition rate of the neural network by using
the 2nd and 3rd peripheral depthes.

BRXXFHRE| XF |RE2 |RE3 | %S
FE | 99.81] 99.81| 99.94

D
RE | 92.19 90.94] 95.00

ADILBWVWT, BEL1EBNL T, 2V 1EBEE®D
NN, EE2 LRE3D 2EOBRL L CHhang
4% NN THRANETo-EREBERE RS IIRT. &
DIFHE, RELFETH 0.5%ZRIHEL 22, F77,
FIRIZEE 1 O NN 2B B EDOKEBED NN O
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Table 9 Recognition rate of the set D in each stage
excepting the lst peripheral depth.

3| 1B*ENN (EE2,3) a | 28t ENNO b/ate
F WAh B ERMEXD
—¥ 1595 1595} 100.00
; 5 5 4| 80.00
it 1600 1595 99.67
—B 1480 1446| 97.70)
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