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A Fundamental Study on the Evaluation of a

Feature Extraction Method for Pattern Recognition

Yasuhiro SEWAKI, Katsunori MASAMIZU, Yoshihiko HAMAMOTO

Taiho KANAOKA and Shingo TOMITA

Abstract
Feature extraction can be considered as a problem of finding a transformation that maps an n-

dimensional pattern space down to a d-dimensional feature space without significantly increasing the

degree of overlap between different class distributions. In a feature space, a classifier is generally

designed. In order for the classifier to be reliable in predicting the future performance of a classifier, the

feature space provided by a feature extraction method must have two properties. The first property is

a statistical one that the pattern distribution in the feature space is a normal distribution. The second

property is a topological one that the above transformation is a continuous function.

In this paper, we investigate the evaluation of a feature extraction method in terms of both of the

statistical and topological properties using the real data set.
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(a) Projection of the number of lines to z- and y-axes
(b) Re-sampling by variable pitch
(c) Nonlinearly normalized picture (o = 0)

Fig. 4 Illustration of Line density equalization
method
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Table 1 Examples of characters
characters
W % E K &

Table 2 Feature extraction methods

to be

evaluated and the number of features

Feature extraction methods

Number of featuers

PDC

512,

1024,

1536, 2048,

2560

WDIH

64,

100,

324,

484,

1024

PDC : Peripheral direction contributivity method
WDIH : Weighted direction index histogram method

Table 3 Normality for PDC (values of J (n))
cl Number of features
s 512 | 1024 | 1536 | 2048 | 2560
% 59911144 | 9.18| 9.17| 8.64
;2 5.50 | 4.01|17.46 | 14.72 | 20.70
I 3491 899 7.01| 9.44 | 9.08
£ 13.14 | 862 | 6.85| 6.16 | 6.38
Pl 8.09 | 14.15 | 13.03 | 13.38 | 13.91
53] 12.92 | 10.65 | 875 7.82{11.36
é 7211 548 | 576 | 5.25| 8.00
BE 6.18 | 6.42 | 10.84 | 10.24 | 11.68
K] 7761 6451 8.02) 849 | 7.73
i1 4 4791 441 | 438 | 4.23| 4.40
Mean 7.51 | 8071{ 9.13| 8.90 | 10.19
Deviation 930 9.75]13.26 { 9.99 | 19.04
Table 4 Normality for WDIH (values of J (%))
al Number of features
ass 64 100 324 484 1024
£33 22.9 884 14416 1792.2 3033.4
F3 13 141 652.7 547.0 1000.1
T3 2.7 10.9 666.5 989.5 12522
%= 76 155 929.6 1291.9 2386.6
2A 53.9 80.9 1108.5 1194.9 2123.8
i 31 18.7 190.4 2814 656.4
ES 1.7 116.4 1664.5 14875 2757
& 25.2 385 546.5 683.5 1374.8
73] 3.7 18.3 281.6 424.9 901.9
i 12.6 20.4 504.1 918.2 1637.5
Mean 14.8 42.2 798.6 961.1 1664.2
Deviation || 2.28 x 10 | 1.32 x 10* | 2.10 x 10% | 2.13 x 10% | 5.27 x 10®
(Table5, Table6). & 512, 3FHOWTHD )L

2xf LT AT b U7 & Table7(a), (b)I2%
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Table 5 Topological gap for PDC Table 6 Topological gap for WDIH
l Number of features 512 | 1024 | 1536 | 2048 | 2560 Number of features 16 | 64 | 100 | 196 | 324 | 484 | 1024
Nearest neighbour method { 13 6 8 8 5 Nearest neighbour method {37 {34 26 | 13 | 11 | 6 3
Furthest neighbour method || 13 6 8 8 4 Furthest neighbour method || 37 |35 26 | 13 [ 10 | 6 3
Median method 33 31 29 25 25 Median method 44 144 35 [ 23} 26 | 21 9
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Table 7 (a) Topological gap for PDC
Number of features 512 | 1024 | 1536 | 2048 | 2560

Number of sequences with 12 6 8 8 4

the topological gap

Table 7 (b) Topological gap for WDIH

Number of features 16| 64 | 100 | 196 | 324 | 484 | 1024

Number of sequences with
the topological gap

34(34| 25|13 ]10] 5 3
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Table 8 Topological property for PDC

1024
10.2

1536
13.6

2048 | 2560
136 | 6.8

Number of features |f 512
pln) (%) 20.0

Table 9 Topological property for WDIH

Number of features || 16 | 64 | 100 | 196 | 324 | 484 | 1024
o(n) (%) 57.6 | 57.6 | 42.2]22.0 169 85 | 5.1
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