199 48 EFISEWIGE £ % ClE £ 4% 87

#399-36C-4-8

exe’l 7| AxE 2 A
7

o

S E A o A

1121',

(Partially Connected Multi-Layer Perceptrons and their
Combination for Off-line Handwritten Hangul
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Abstract

This paper presents a study on the off-line handwritten Hangul (Korean) character recognition
using the partially connected neural network (PCNN), which is based on partial connections between
the input receptive fields and the hidden nodes. The hidden nodes of three PCNNs have ten receptive
fields and different input feature sets. And we introduce modular partially connected neural network
(MPCNN). The MPCNN combines three PCNNs with a merging network. The learning scheme of
the proposed networks is composed of two steps: PCNN learning step and the merging step of
combining three PCNNs. In the merging step, another merging PCNN network is introduced and
trained by regarding the hidden output of each PCNN as a new input feature vector. The
performance of the proposed classifier is verified on the recognition of 18 off-line handwritten
Hangul characters widely used in business cards in Korea.
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Fig. 1. PCNN structure of learning stage.
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Fig. 2. Ten receptive fields for PCNN.
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Table 1. The recognition rates of PCNNs and
FCNNs without rejection.

No. of N
Type of % %1 No. of Recognition
sonnection hidden Weights | rate(%)
Features . nodes ’
Cross distance FCNN 80 13698 89.9
Feature PCNN | 129 | 7641 90.3 ﬂ
Crossing number | FCNN 80 14978 90.4
Feature PCNN | 108 | 6822 916
Distance transform | FCNN 80 14978 91.9
Feature PCNN | 94 | 4312 93.1
Hidden outputs || MPCNN 79 11293 95.3
of PCNNs (24056*
L

(*: In the case that the number of all three TSNs
weight is summed to that of MPCNNs weights. )
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Table 2. The recognition result of 18 characters using the MPCNN.
| A e & A e g om oW W oz oW g g e
o AN 2 1 1 7 0 7 11 0 6 0 0 7 2 1 9 0 1 A2
o] 0 o8 0 0 0 0 0 0 0 1 0 0 0 10 1 0 0 0 989
Ak 4 0 8 6 1 1 2 5 0 36 1 5] 9 0 2 0 0 3 R2
A} 2 4 3 98 0 2 0 0 5 2 0 0 0 0 1 0 0 0 977
<. 2 0 1 0 %7 3 0 0 1 0 0 0 0 0 6 0 0 0 .6
5 2 0 0 0 2 9B 0 3 3 0 0 0 0 3 1 2 0 8 975
E) 11 0 0 2 0 1 89 16 1 1 0 49 0 1 0 19 6 4 K4
s 1 0 2 0 0 1 8 921 0 1 0 4 4 0 4 2 1 1 %9
7 0 0 0 6 0 8 1 0 98 0 0 0 0 0 4 0 0 3 9717
Al 4 0 12 1 0 0 2 0 0 95 0 4 0 0 0 1 11 0 %4
W 0 2 0 0 0 3 1 1 0 0 927 6 2 5 0 0 3 0 %6
A 0 1 1 4 1 0 6 0 0 4 0 82 0 1 1 9 16 4 929
at 10 1 ] 6 2 0 0 17 1 2 0 2 911 1 0 2 0 0 A9
2] 7 7 0 1 1 5 0 0 3 0 6 0 0 6 0 2 2 0 A4
Z 0 0 3 0 8 1 1 4 0 2 0 0 0 1 94 0 0 6 97.3
& 7 0 0 0 0 2 8 6 0 2 0 a3 3 1 1 86 1 0 91.3
| 0 2 4 4 0 0 4 4 2 12 1 9 0 2 1 0 9 3 A0
o 0 0 1 0 1 1 2 1 3 2 0 0 0 1 7 3 3 9B 974
Recognition rate: 95.3% (16475/17280)
A g EAF el leix] Er] 58X of the 4th IWFHR, Taipei, Taiwan,
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