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A Deformed Character Generation
by a Computational Handwriting Model and a Genetic Algorithm

HirovUKI KASUGA,t KEITI SUMIDA,! KEI OHKAWA*®
and YASUHIRO WADA1

In pattern recognition, a large number of diversiform characters is necessary to train/test a
handwritten character recognition system. However, it is not easy to collect a large number
of natural samples. In this paper, we propose a method for generating a large variety of char-
acters by Wada & Kawato’s handwriting model and a genetic algorithm. The following two
points were examined to evaluate the character patterns generated by the proposed approach.
(1) Is there variety in the character patterns generated by the method compared with the
character patterns in an existing handwritten database (Japanese character database ETL) ?
(2) Is there availability in composing a character recognition system that uses handwritten
characters generated by the method as training data ? The variety in the generated charac-
ters by the proposed method was found to be greater than or almost equivalent to the variety
in the human handwritten characters in the ETL database. The effectiveness of the pattern
generation by the method was evaluated by comparing the recognition accuracy rates of the
following systems; (1) Multiple similarity method, (2) k-nearest neighbor method, and (3)
Linear discriminant method. Two systems were composed for each method, that is, one used
the ETL database as training data and the other used the generated data as training data.
The recognition accuracy results by the test data for each method are almost the same and
are very high. We confirmed that the proposed method can be applied as an alternate method
to collect a large number of diversiform character samples instead of collecting a large number
of natural samples.
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Fig.3 Initial patterns.
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Fig.5 Initial patterns: hello.
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Table 1 Parameter values for character formation.
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Table 2 Alphabet recognition rate: ETL dictionary.

A B C D E
Multiple similarity 100 100 100 100 100
Linear discriminant 100 100 100 100 100
k-nearest neighbor 100 100 100 100 100

03 00000000GADOODOOOODODOODOOOOO0
Table 3 Alphabet recognition rate: GA dictionary.

A B C D E
Multiple similarity 100 100 | 100 100 | 100
Linear discriminant 100 100 100 100 100
k-nearest neighbor 100 100 100 100 100

04 DO0OOODETLOOOOOOOOODOOOOOOOO
Table 4 Kana recognition rate: ETL dictionary.

0 0 O O O

Multiple similarity 93 100 90 100 90
Linear discriminant 95 100 90 98 91
k-nearest neighbor 89 100 90 99 96
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Table 5 Kana recognition rate: GA dictionary.

0 0 O O O

Multiple similarity 90 100 89 100 95
Linear discriminant 91 100 90 100 92
k-nearest neighbor 90 100 87 | 100 94
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Fig.15 Corresponding via-point between reference
pattern and pattern to be evaluated.
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Fig.16 Examples for test patterns.
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Table 6 Correlation coefficient between model evaluation
and human evaluation.

oo | oO0Il | oOoIln | oolIv
O 0.724 0.714 0.714 0.701
O 0.815 0.806 0.812 0.796
O 0.788 0.776 0.776 0.777
O 0.828 0.846 0.852 0.854
O 0.768 0.811 0.812 0.809
m] 0.851 0.834 0.839 0.861
O 0.816 0.822 0.822 0.858
a 0.774 — — —
b 0.881
c 0.913 — — —
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