Prweedings2003 IEEE International Symposium on
Computational Intelligence in Robotics and Automation
July 16-20,2003, Kobe, Japan

A Feature Extraction Method in Face Image
for Personal Identification
Hironori Takimoto
Graduate School of Engineering
T h e University of Tokushima
2-1 Minami-Josanjima Tokushima

Yasue Mitsukura
T h e Okayama University
3-1-1 Tsushima Okayama
700-8530 JAPAN

770-8506 JAPAN
e-mail:takiOi.tokushim&u.ac.jp

e-mail:mitsue@cc.okayama-u.ac.jp

Minoru Fukumi, Norio Akamatsu
The University of Tokushima
2-1 Minami-Josanjima Tokushima
770-8506 JAPAN
e-mail:{fukumi, akamatsu}Ois.tokushim*u.ac.jp

Abstract
Recently in the world, many researches of personal identification method using biometrics are widely done. Especially, personal identification using the face is nsed because of needless for physical contact. In this paper, we
propose the new method to identify the personal using
the SPCA and the NN. The SPCA has been proposed
in order for the PCA to achieve high-speed processing.
Moreover, the personal identification system needs to
have not only ability to recognize registrant correctly
but also ability to reject un-registrant certainly. Therefore, we perform simulation using un-registrant. Furthermore, we analyzed and examined about the individual feature in a face by using the GA and the SPCA.
Then, in order to show the effectivenessof the proposed
method, we show computer shnulations hy using the real
image. From these results, we show the effectiveness.

1

Introduction

Personal identification is very important, but very
difficult. The password and cards are widely used for
the technologies that recognize users. Even if it is not a
registrant, it may be accepted by the presumption of the
password and the acquisition of the card. Furthermore,
there are problem on convenience such as memory of a
password and carrying of cards[l].
Consequently, many researches of personal identification technique using biometrics are widely done[Z].
Biometrics is not in need of memory or carrying of
cards, and only registrant is accepted. Altogether, it
can be simultaneously improved in safety and convenience. There are fingerprints, an iris, a voice, and
a face in the physical feature are used for biometrics.
Especially, the face is always opened to society, it has
little psychological burden compared with other physical feature. For this reason, faces are used for personal
identification in this paper. There are some personal
identification methods using the front face image[3, 41.
One is an extraction method of feature points using edge
detection and others are template matching, and so on.
In the extraction method of the feature points, the form
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of the portion that constitutes a face and an individual
differenceof the position are used for recognition. But it
is difficult to extract the portion that constitutes with
sufficient accuracy from front face image. In pattern
matching, a face is regarded as a value pattern of the
gray under arrangement of 2-dimensions. However, it
becomes redundancy expression hy the vector with the
huge number of dimensions, and it is influenced by the
change of the environment[4].
Therefore, principle component analysis (PCA) is
used for yielding a feature vector to discenunent[5, 61.
However in PCA, it is not easy to compute eigenvectors
with a large matrix when considering the cost of calculation to adapt for time-varying processing. Therefore, the simple principle component analysis (SPCA)
method has been proposed in order for PCA to simulate
at high-speed. Furthermore, the neural networks (NN)
are an advanced parallel system, which is excellent especially in the problem related to pattern recognition.
The NN is used in order to avoid the difliculty of the
threshold value determination in many dimensions.
In this paper, we reduce the computing time cost
by using the SPCA, and get feature vector For identification. Therefore, we calculate the similarity between
eigenvector and face pattern, and using the NN does an
individual distinction. In addition, by the genetic algorithm (GA), the region where the individual feature
has shown up is extracted, and it is used for identification. In order to show the effectivenessof the proposed
method, computer simulations are done.
2

SPCA

The SPCA has been proposed in order for the PCA to
achieve high-speed processing. It is confirmed that it is
effective in information compression at the handwritten
digits and dimensionality reduction at a vector space
model[7]. The SPCA produces approximat,e solutions
without calculating a variance-covariance matrix. The
SPCA algorithm is given as:
1. Collect of a dimensional data set, V = {VI, VZ, ..., v,}

2.
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= {ZI,ZZ, ..., zm},which are obtained by subtracting which is the average value of form the cen-
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ter of gravity of set of the vectors, is used as input
vectors.

3. The column vector is defined as connection weights
between the inputs and output. The first weight
is used to approximate the first eigenvector. The
output function has a value given by:
Yl

T

= a,4

(1)

4. Using the following equation (2) and (3), repetitive
calculation of arbitrary vector suitably given as an
initial value is carried out. As a result, the vector
can approach the same direction as.

(a) The original image

Figure 1: The normalization of a face image

where is the threshold function given as

*l(YI,Zj) =

+xj

Yl 2 0

-xj

otherwise

(4)

5. Using the following equation ( 5 ) , we remove the
first principal component vector from the dataset
in order to find the next principal component.
T

x: = x, - (a1xl)al

(5)

We obtain principal components because we substitute with and with in equation (2), (3) and perform repetitive calculation once again.
If the same operation is being done enough for the
dataset, we obtain the principal component, which
is stronger in Contribution rate by turns.

3

ImageData

In this paper, it is necessary to normalize the face
image to recognize. The normalization method of face
image in the paper is shown. The face image is normalized based on both eyes. The reason for having used the
eye for normalization of face image is as follows. The
first, eye is having heen easy to perform the normaliz&
tion about a rotation and a size, compared with a lip,
a nose, or an ear. Next, many researches of extracting
the region of an eye are proposed[8, 91. Therefore, to
use eye for normalization of face image is efficient.
First of all, an original image (420x560 pixels, 24hit
color; Fig. l(a)) is changed into Hbit gray scale image,
and median filter is performed in order to remove noise.
Next, center positions of both eyes are extracted. Then,
the line segment joining both eyes is rotated 50 that it
matches the horizontal line. Furthermore, the distance
between both eyes is made 40 pixels by =ale change.
Moreover, in order to diminish inhence of hair and
clothes, an image is cut out as shown in Fig. 2. That
is, letting the midpoint of the segment joining both eyes
be a standard point, the region spreads by 80 pixels
(by 40 pixels in right and left direction, respectively) in
horizontal direction, and by 80 pixels (by 20 pixels in
the upper part and by 60 pixels in the lower part) in the
vertical direction. Finally, in order to ease the influence
by photometric property, gray scale transformation is
performed. Therefore, the image of the Fig. l(a) is
normalized as the Fig. l(b).

Figure 2: The outline of the normalization

4

Individual Feature Extraction

In this paper, the regional segmentation where the
individual feature has shown up is extracted by using the
GA and the SPCA. Moreover it is used for recognition.
Recognition is obtained the good accuracy hy removing
the region which is not valuable for it. Furthermore, it is
considered that it can mitigate calculation cost required
for recognition.

4.1

Regional Segmentation and Genetic Coding

As shown in Fig. 3(a), the region is segmented. One
block size is a square (4x4 pixel). In the case of using
the Fig.3(b), when performing SPCA for fitness function
of the GA. This figure is performed sampling by average
gray-scale value in segmented region, in order to purpose
of high-speed processing and dimensionality reduction.
The chromosomes of GA are binary coding, and they
are expressed in 2-dimensional arrangement. Each gene
is one-bone correspondence with the segmented region.
When chromosome value is 1, the related region is used
for recognition.

4.2

Fitness Function

The fitness function is shown in equation (6). The numerator means that the fitness value becomes high, if the
difference of individual in the selected region becomes
large. "Sah" meam total of variance in the selected regions. "Dim" metotal of rate of contribution to the
5th, when performing the SPCA to the selected regions.
Then, This denominator methat the fitness value
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(a)The region segment

@)The mosaic pattem

Figure 3: The region segment and mosaic pattern
Figure 5: The neural network model
Table 1: The experimental conditions of GA
Generation
500
Individual
50
Bit of gene
400
Mutation rate 0.05

5

becomes high, if number of selected region becomes a
few. By using this fitness function, we can obtain the
small-sized inputs and high recognition accuracy.
In this paper, the elite preservation method and the
roulette selection method was adopted as the selection
method of the individual. The rate of the individual
who reserves as the elite is about 10%. Moreover, creation of a new individual chooses 40% with good fitness
value from the whole, and is performed using the GA
operations (selection, crwover, mutation).

( step 1)

Fitness =

{

- }
pix

(6)

Pixmar

4.3

Feature Extraction Simulation

The individual feature extraction is performed to 100
registrants. The experimental conditions are shown in
Table 2.
In the result, average of ten individuals with good
fitness value is shown in Fig. 4(b). This figure means
that the more btaddsh region was chosen by many individuals. In this paper, because face image is normalized
based on both eyes, the selected region has more eye's
region than mouth's region.
From these results, it was confirmed that the prw
posed method by using the GA gets characteristics of
faces. Therefore, the GA is effective for the getting individual characteristics.

( step 3)

Calculation of similarity between eigenface
and face image

( step 4)

Learning and recognition by NN

Similarity

In this paper, we calculate the similarity. That is,
the similarity is calculated using eigenvectors and gray
scale image vectors of each image pattern. I t is made hy
two vectors. We use cos0 for similarity.

5.2

Neural Networks

In this paper, the NN is used for a classification
and is a three-layered type (Fig. 5). It is learned by
using the Bd-Propagation (BP) method. The number
of input layer units is same as the number of similarity
(between each eigenvectors from which the total of rate
of contribution becomes 90% or more). The number
of output layer units is same as the registrant of the
system.
If the output of an output unit exceeds a threshold,
then it accept as a registrant corresponding to the unit.
If the output of two or more units exceeds a threshold
or no output of a unit exceeds a threshold, then it is
rejected.

5.3

Evaluation Simulation

In this paper, we perform the simulation of six patterns which is shown in Table 3. This table shows the
number of used pixels, used rate, and calculated principal component by SPCA for simulation. The ca.% 1 is
used the whole face image which was normalized. The
regions of the case 2-4 are determined by result of GA.
In the result, False Rejection Rate (FRR) and Fake
Acceptance Rate (FAR) are shown in Fig. 6. From the
result of FRR, a difference of each result is not seen when

~

(a)The sample face image

Normalization face image

( step 2) Dimensionality reduction of image pattern
by SPCA

5.1
Sab . (1- Dim)

Personal Identification Simulation

In order to show the effectivenessof proposed method,
we show computer simulations by using real image.
Recognition process is as follows, and we show each
details of process.

(h)The result image

Figure 4 The result of feature extraction
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'

case 4

6

I

2.75

0.54

Summary

In this paper, the feature extraction method for personal identification was proposed be using the SPCA
and the GA. Furthermore, effectiveness of proposed
method was checked, as compared with the case which
was used the whole face image. In the result, we obtained EER is 1.33%.
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