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Abstract

Subspace classifier is a popular pattern recognition method based on Karhunen-Loeve transform.
This classifier describes a high dimensional pattern by using a reduced dimensional subspace.
Because of the loss of information induced by dimensionality reduction, however, a subspace
classifier sometimes shows unsatisfactory recognition performance to the patterns having quite
similar principal components each other. In this paper, we propose the use of multiple novelty neural

network classifiers constructed on novelty vectors to adopt minor components usually ignored and

present a method of improving recognition performance through combining those with the subspace
classifier. We develop the proposed classifier on handwritten numeral database and analyze its
properties. Our proposed classifier shows better recognition performance compared with other

classifiers, though it requires more weight links.
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Table 1. eigenvalues, Jy, and Ty for ‘0’ class.

eigen

Index( &) value! Ao, Jox To payy
1 \ 7056921 22949587 22.949587 7.056921

2 4744389 15.429076 38378662  11.801310

3 2679252 8713109 47001770 14.480561

4 2.169216 7.054438 54146206 16649776
11 0459979 1.495883 71411404  21.958767
20 0.226570 0.736821 80638432  24.796047
44 0.070444 0.229089 90.043110 27687954
68 0.038092 0.123878 94025312 28912468
89 0.023889 0.077689 96.062234  29.538815
103 0.019098 0.062108 97.023008  29.834265
122 0.013281 0.043191 98.006250  30.136593
152 0.007812 0.025405 99.007051  30.444336
242 0.000507 0.001649 99.990311  30.746685
256 0.000022 0.000072  100.000000  30.749664
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(a) subspace classifier and (b) combined

multiple novelty classifiers
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Table 2. Recognition rates of subspace and

combined multiple novelty classifiers.

( B=50%, mesh feature)

o Subspace Combined Multiple
Threshold - Total(%) Classifier Novelty Classifiers
0.00 94.70 0/0(0.00) 947/1000(94.70)
050 94.70 6/6(100.00) 941/994(94.67)
0.70 94.70 243/243(100.00) 704/757(93.00)
0.77 94.80 433/434(99.77) 515/566(90.99)
0.83 95.20 617/619(99.68) 335/381(87.93)
091 95.70 820/827(99.15) 137/173(79.19)
093 95.80 856/868(98.62) 102/132(77.27)
1.00 93.80 938/1000(93.80) 0/0(0.00)
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Table 3. The recognition rates of various
classifiers( B=50, mesh feature).
. . bspace +
combined novelty combined o2
1-NN MLP subspace combined
expert (average) novelty novelly
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Table 4. The recognition rates of various
classifiers( B=75, mesh feature).
) . subspace +
1NN MP subspace ™ w“"“m (;‘3de) wmxvmdwm combined
g novelty
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Table 5. The recognition rates of various
classifiers( B=75, gradient feature).
. . lbspace +
combined novelty combined SubSpe
1-NN MLP subspace combined
expert  (average) novelty novely
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Table 8. The number of weight links of MLP
classifiers used.
number of weight links
standard MLP (256+1) X 30+(30+1) X 10=8020
expert MLP (256+1) X 30+(30+1) X 1=7741
combined expert 7741 X 10+(10+1) X 7+(8+1) X 10=77567
novelty MLP (256+1) X 30+(30+1) X 10=8020

combined novelty 8020 X 10+(100+1) X 30+(30+1) X 10=83540
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