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Abstract: Feature extraction is the main technology in the process of human face recognition system which is widely uti-
lized as the mainstream approach in identity verification system. However, the traditional human face feature extraction
algorithm of Eigenface has strict restraint on the light in the original human face image, posing as a hindrance in the prac-
tical application. Aiming at this problem, this paper proposes a novel method for human face feature extraction based on
human face bit-plane image using Eigenface and Fisher's linear discriminant analysis at the same time. The constitution
and characteristic of the fusion recognition method is analyzed and the experiments on performance study are proved the

superiority of the new fusion recognition method.
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1. INTRODUCTION

With the rapid development of information system and
distributed applications, how to detect and recognize one’s
identity effectively and automatically has become more and
more importance in these systems. Now there are many
methods have been proposed to solve this problem. Among
of them the biological characteristic is the ideal source of
information for identity verification because it has very
strong stability and individual in-dependency. Especially the
technique of human face recognition has become the most
popular approach in identify verification at present and wide-
ly deployed as an alternative to traditional identify verifica-
tion technology in enterprise security management and en-
terprise information application product. Perhaps the most
distinctive and important feature of the human face recogni-
tion is the natural and direct to recognize one people in com-
parison with other biological characters [1].

The aim of human face recognition system can be easily
described as follows: Given a certain static picture or dy-
namic video picture of scene, try to detect and recognize one
or more persons in the picture or scene on the basis of the
prearranged human face image database indicating relevant
identity information. In the realm of computer vision, the
process of human face recognition system consists of three
components: one is face detection which detects the loca-
tions and sizes of human face image in the arbitrary digital
pictures or dynamic video picture of scene, the other is fea-
ture extraction which transfers the original human face im-
age data into a reduced representation set of features that can
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represent the main information of the original human face
image data, and the third is face recognition which deter-
mines who is the right person in the static picture or dynamic
video picture is according to the information that has already
registered into the human face image database. Among of
them feature extraction is the most significant parts that in-
fluences the correct recognition ratio of the human face
recognition system [2]. Fig. (1) illustrates the structure of the
representative face recognition system.

Feature extraction is a process which transfers the data
from primary spaces into feature space in order to represent
them in a lower dimensional space with less effective charac-
ters. Up to now, many methods of human face image feature
extraction have been proposed, such as knowledge based
methods, feature invariant approaches, template matching
methods and appearance-based methods [3-5]. Among of
them the most widely used method of Eigenface that is the
most widely-used method of linear map based on PCA
(Principle Component Analysis) has become the mainstream
criterion to test the performance of various human face
recognition system [6]. However the traditional algorithm of
Eigenface and its transformation have strict restraints on the
light and the veil in the original human face image, posing as
a hindrance in the practical application.

As we know, the value of each pixel of gray human face
image can be stored by eight binary bits in the computer sys-
tem, hence we can obtain eight bit-plane images through
decomposing the corresponding values of the eight binary
bits pixel. That is a bit-plane of a human face gray image is a
set of bits corresponding to a given bit position in each of the
binary numbers representing the human face image. As for
the each bit-plane image, most of the identification infor-
mation are concentrated in the higher bit-plane image than
the ordinary ones of the last general bit-plane image, hence,
it can discard the interference information in the lower gen-
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Fig. (1). The representative structure of face recognition system.

eral bit-plane image when we just consider the higher bit-
planes image to extract the human face feature [7]. Further-
more, the Fisher’s linear discriminant analysis method is not
sensitive to illumination than Eigenface. Hence, in this paper,
we will firstly test the human face recognition ratio based on
the different human face bit-plane image, furthermore we
will propose a new human face fusion recognition algorithm
based on bit-plane image using Eigenface and Fisher's linear
discriminant analysis at the same time to use the advantage
of PCA and Fisher’s linear discriminant analysis method.

The remainder of the paper is organized as follows. We
discuss related work in Section 2. The limitations in existing
Eigenface for human face feature extraction drive our moti-
vation and Section 3 proposes our notation to recognize hu-
man face based on bit-plane image using Eigenface and
Fisher’s linear discriminant analysis. A summary of our ex-
perimental results on the real human face image database is
discussed in Section 4. Finally, Section 5 provides some in-
sight into our ongoing and future work.

2. RELATED WORK

PCA is used in all forms of analysis from neuroscience to
computer graphics because it is a simple, nonparametric
method of extracting relevant information from confusing
data sets. Jian Yang et al. proposed a two-dimensional PCA
(2DPCA) method in improving the accuracy of PCA algo-
rithm which can successfully describe and reconstruct the
human face image. However, the 2DPCA algorithm uses
more coefficient than the traditional PCA algorithm that
makes it is very difficult to achieve the desired effect be-
cause the storage space limited [8]. Another extension of
PCA algorithm is modular PCA approach (MPCA) [9], the
MPCA algorithm can achieve the expected target identifica-
tion when facial pose or illumination changed because each
piece of the original human face image is subdivided into
smaller sub images before the algorithm execution. Howev-
er, MPCA algorithm will spend more running time. In order
to obtain high running speed, the new human face recogni-
tion algorithm using improved FFT based random on PSO
and PCA techniques (FFTPCA) is proposed by Hamid [10]
which can obtain higher recognition rate in the small calcula-
tions. However, in face recognition, PCA is sensitive to the
facial variations, such as illumination, facial expression and
pose. Furthermore, PCA is actually an unsupervised ap-
proach because it does not utilize the class label information.
In contrast with PCA, the Fisher’s Linear Discriminate
(FLD) [11-13] algorithm will select the ratio of the between-
class scatter and the within-class scatter is maximized.

Recognition |

The FLD provides a better projection than PCA for pattern
classification since it aims to find the most discriminate pro-
jection direction. Consequently, the classification results in
the projected subspace may be superior to other methods.
LDA suffers from Small Sample Size problem, which occurs
when the number of training samples is smaller than the di-
mensionality of original feature space. In order to resolve
this problem, some variants of LDA, such as regularization
algorithms, maximum margin criterion, locality sensitive
discriminant analysis and subspace algorithms, have been
developed [14, 15]. Although FLD can solve the problem
that the PCA method can’t, it has other disadvantages than
PCA method in the pictures that people don’t located direct-
ly in the picture, however, the PCA algorithm has strict re-
straints on the light and the veil in the original human face
image. To this aim, this paper proposes a new human face
fusion recognition algorithm based on PCA and FLD using
human face bit-plane image which can discard the interfer-
ence information in a feasible way, furthermore, it also can
take advantage of PCA and FLD optimization characteristic.
The experimental results are tested to show the effectiveness
of our findings.

3. FUSION RECOGNITION BASED ON BIT-PLANE
IMAGE

3.1. Bit-Plane Image

Here we can use a mXn gray matrix 4 to describe the
original human face image. The each element A{i, j} is eight

binary bits that can be described asa,,a,,...,a;, where
a. €{0,1} . Thus we can get each bit-plane based on the orig-
inal human face image as follows: if 4, > 27, then let

A =128 else let 4

g ,; =0, thus we can get the first human

face bit-plane image matrix A4 . Then restructure the residual
gray human face image matrix as A=A—-4, if 4,2 2°,
then let 4, =64 else let 4 =0, thus we can get the se-

cond human face bit-plane image matrix 4, , and so forth we

can get all the remain human face bit-plane image matrix. An
example of human face bit-planes image is shown in Fig. (2).
It is possible to see that the higher order human face bit-
plane image contains the set of the most significant infor-
mation, and the lower order human face bit-plane image con-
tain the least significant information.
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(a) Original Face Image

Fig. (2). An example of human face bit-planes image.

(b) Eight bit-planes face image
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Fig. (3). The structure of the new human face fusion recognition system.

3.2. The Structure of Face Fusion Recognition System
Based on Bit-Plane Image

In this section we will propose a new human face fusion
recognition system based on bit-plane image using PCA and
FLD algorithm at the same time in order to overcome the
problem that lies in the PCA or FLD algorithm. Fig. (3) de-
scribes the structure of the new human face fusion recogni-
tion system.

The new human face fusion recognition system consists
of three phase:

The first phase extracts the human face feature to recog-
nize using PCA algorithm (PCA Feature Extraction) based
on the original human face image (Training Sample);

The second phase extracts the human face feature to rec-
ognize using PCA algorithm based on the human face bit-
plane image (Bit-Planes Training Sample);

After the first two stages, the new human face fusion
recognition system will judge whether the human face
recognition results are consistent or not (Same Or Not?), if
the results are consistent, the human face recognition system
outputs the first two stage’s result as the final fusion recogni-
tion result (Results), else the third phase extracts the human
face feature to recognize using FLD algorithm (FLD Feature
Extraction) based on the original human face image. And the
recognition system outputs the FLD recognition result as the
final fusion recognition result.

In the new human face fusion recognition system, PCA
feature extraction algorithm is a statistical procedure that
uses an orthogonal transformation to convert a set of obser-
vations of possibly correlated variables into a set of values of
linearly uncorrelated variables called principal components.

Let the training set of human face
{R |i=1,2,..,K} (where K is the number of training human

image be

face image). We can map the original human face image to a
feature subspace face for recognition as follows:

1. The average human face image of the training human
face image set is defined by

Y= iiR 1)
K5
Each human face image differs from the average human
face image is defined as
0,=R-y(i=12,.K) 2)

3. The co-variance matrix of the human face image is de-
fined as

C=44" A9,.0,,..0,] 3

Hence, we can get the eigenvectors according to the co-
variance matrix. Finally, we can map each human face image
to a new vector based on the eigenvectors for recognition
which can be described as
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Fig. (4). An example of original human face and Eigenface image.

Q k:UT(Rk—‘P) 4)

(Where R, is the original human face image, U "is the

eigenvectors transposed matrix). An example of Eigenface
image is shown in Fig. (4), where (a) shows the example of
original human face image and (b) shows the Eigenface for
the original human face image.

In the new human face fusion recognition system, FLD is
also a method used in statistics, pattern recognition and ma-
chine learning to find a linear combination of features which
characterizes or separates two or more classes of objects or
events based on linear discriminant analysis. The resulting
combination will be used as classifier.

Let the training set of human face image be

{X,|i=1,2,...,N} (where N is the number of training human
face image, the human face images of N, belongs to the i
classand i=1,.,C,N +N,+..+ Nc = N, each image has d

pixel points). We can recognize the original human face im-
age based on FLD algorithm as follows:

1. The average human face of each class is defined as

i—z‘YUﬂ&wQ (5)

N,’ XeClassi

u=

2. The average human face of all class is defined as

X (6)

3. Then we can get the between-class scatter matrix and
within-class scatter matrix as

S, =2 N, (1= ), — )’ (7

=1

Sy =2 D (X, — )X, — ) 8)

i=1 x ex;

Finally, we can recognize the testing human face image
according to the between-class scatter matrix and within-
class scatter matrix based on the FLD algorithm.

4. EXPERIMENTAL RESULTS

In this section, we will implement the proposed fusion
recognition system on an Intel(R) Core(TM) i5-2400 CPU @
3.10 GHz machine with 4GB memory to evaluate how well
our algorithm. The running platform is Windows 7. We will
use the standard ORL human face image database to train
and test our algorithm. In the ORL human face image data-
base, there are 40 people and 10 images for each people, we
will use the first five images as training samples and the oth-
er five images as test sample for each people to test the cor-
rect recognition rate.
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Table 1. Average recognition rate under the various dimension of Eigenvectors using PCA algorithm.

Dimension A A A, A; Ay
10 70% 40% 30% 20% 10%
20 80% 70% 90% 50% 30%
Table 2. Average recognition rate using FLD algorithm.
A A A, A; Ay
85% 67.5% 72.5% 70% 60%

Table 1 shows the average correct recognition rate under
the various dimension of eigenvectors using PCA algorithm
based on the original human image and bit-plane respective-
ly. From the table we can see that, when the dimension of
eigenvectors is low, there is a low accuracy. As the dimen-
sion of eigenvectors increases, the accuracy of the results
will increase. We can also see that, the accuracy of the algo-
rithm is quite good based on the second human face bit-plane
image A, which can get approximately to 90% when the
dimension of eigenvectors is 20. This is reasonable because
the PCA algorithm based on the human face bit-plane image
can discard the interference information compared with the
PCA algorithm based on the original human face image.

Table 2 shows the average correct recognition rate using
FLD algorithm based on the original human image and bit-
plane respectively. From the table we can see that, the accu-
racy of the second human face bit-planes image is the high-
est among the accuracy of all the others human face bit-
planes image. However, it is lower than the accuracy based
on the original human face image. This is reasonable because
the FLD algorithm can discard the interference information.

According to these testing result, we design the new face
feature extraction algorithm based on human face bit-plane
image fusion. In which, if the results are consistent using
PCA algorithm based on the original human face image and
human face bit-plane image respectively, the algorithm will
output the recognition result as the final recognition result,
else the system will output the FLD recognition result as the
final recognition result. The results are shown in Table 3.

In Table 3, Class No. means which class the original hu-
man face image belongs to (the total class is 40, each people
belongs to one class), OC No. means which class the original
human face image belongs to using PCA algorithm based on
the original human face, BC No. means which class the orig-
inal human face image belongs to using PCA algorithm
based on the second bit-plane image, M No. means which
class the original human face image belongs to from the first
two stages, if the results of the first two stages are incon-
sistent, the result is *, FLD No. means which class the origi-
nal human face image belongs to using FLD algorithm when
the first two stages results are inconsistent, if the results of
the first two stages are consistent, the FLD algorithm cannot

work, Final No. means which the final class the original hu-
man face image belongs to.

As can be seen from the table, the error recognition hu-
man face image class are < 1, 3, 11, 16, 25, 38, 40 > using
PCA wunder the original human face images, that is the
recognition rate is 82.5%, the error recognition human face
image class are < 3, 4, 16, 25, 28, 40 > using PCA under the
second human face bit-plane image, that is the recognition
rate is 85%, the error recognition human face image class are
<1,22,25,28, 34, 40 > using FLD under the original human
face images, that is the recognition rate is 85%, however the
error recognition human face image class are < 1, 25, 28, 40
> using our proposed algorithm, that is the recognition rate is
90%. Hence it can be shown that the new feature extraction
algorithm based on bit-plane image using Eigenface and
Fisher's linear discriminant analysis at the same time can
improve the correct recognition ratio than PCA or FLD.

CONCLUSION

Human face recognition has become the norm in many
application. Hence how to improve the recognition perfor-
mance has become a challenging task before all the benefits
of human face recognition can be realized. In this paper, we
present a new recognition system to recognize the human
face based on the bit-plane image fusion which draws and
combines together PCA and FLD optimization characteristic
in order to obtain higher recognition rate,
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Class NO. 1 2 3 4 5 6 7 8
OC No. 18 2 26 4 5 6 7 8
BC No. 1 2 38 25 5 6 7 8
M No. * 2 * * 5 6 7 8

FLD No. 13 2 3 4 5 6 7 8

Final No. 13 2 3 4 5 6 7 8

Class NO. 9 10 11 12 13 14 15 16
OC No. 9 10 19 12 13 14 15 1
BC No. 9 10 11 12 13 14 15 7
M No. 9 10 * 12 13 14 15 *

FLD No. 9 10 11 12 13 14 15 16

Final No. 9 10 11 12 13 14 15 16

Class NO. 17 18 19 20 21 22 23 24
OC No. 17 18 19 20 21 22 23 24
BC No. 17 18 19 20 21 22 23 24
M No. 17 18 19 20 21 22 23 24

FLD No. 17 18 19 20 21 4 23 24

Final No. 17 18 19 20 21 22 23 24

Class NO. 25 26 27 28 29 30 31 32
OC No. 5 26 27 28 29 30 31 32
BC No. 13 26 27 16 29 30 31 32
M No. * 26 27 * 29 30 31 32

FLD No. 4 26 27 4 29 30 31 32

Final No. 4 26 27 4 29 30 31 32

Class NO. 33 34 35 36 37 38 39 40
OC No. 33 34 35 36 37 23 39 5
BC No. 33 34 35 36 37 38 39 5
M No. 33 34 35 36 37 * 39 5

FLD No. 33 31 35 36 37 38 39 5
Final No. 33 34 35 36 37 38 39 5
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