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Abstract
Today Security is an important part of our everyday lives. Biometric technologies are
used for providing and increasing the security of the organizations. Human face
recognition is a potential method of biometric authentication. This paper represents a
process of face detection and recognition system using principal component analysis with
back-propagation neural network. For recognizing the faces there are several steps
required. Principal component analysis is used for feature extraction whereas back-
propagation neural network is used as face recognition classifier. This paper focuses on
identifying and verifying a person by matching the test image comparing with the facial
database images .The aim of this paper is to provide a better security system by
identifying and recognizing human face. The proposed face recognition system gives an

accuracy of more than 85%.
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INTRODUCTION

In recent years, face recognition-based security
system has become more popular than other
authentication methods for its accuracy,
simplicity and uniqueness. There are many
algorithms for face recognition. All algorithms
try to solve the problem of both verification
and identification [1]. In 1989, back-
propagation neural network algorithm has been
introduced in  handwriting  recognition
techniqgue [2]. In 2001, face detection
technique has been proposed based on neural
network algorithm and support vector machine
technique [3]. In 2007, another face detection
technigque based on skin color of facial image
has been developed where the extracted feature
has been classified by neural network classifier
[4]. A simple and accurate color face detection
algorithm in complex background has been
proposed where lighting compensation has
been used to reduce the computation
complexity of feature-based schema [5]. Later,
another face detection algorithm has been
proposed to detect human face by the
geometric correlations between locations of
faces and hair [6]. Also a method of face

detection has been proposed where face has
been located by determining the number of
holes in the skin region using Euler’s method
and also by taking eye distance [7]. A face
recognition technique using neural network has
been developed where image dimension has
been reduced and eliminate redundancy before
using the classifier in recognition technique in
2009 and 2010 [8, 9]. A facial expression
detection system has been proposed where
neural network algorithm has been used [10].
In 2012, another facial expression detection
technique has been introduced where the
statistical feature of the facial images has been
used and finally the expression has been
classified by using back-propagation algorithm
[11]. Face recognition has many applications
such as security systems, biometrics, access
control, law enforcement, surveillance systems,
credit card verification and criminal
identification.

The objective of this work is to recognize and
identify faces not previously presented or in
some way processed by the system. The
algorithm used for face recognition in this
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system is known as back-propagation neural
network. For dimensional reduction and feature
extraction, the authors used principal
component analysis and have used a simple
and accurate color face detection algorithm in
complex background for face detection [5].
The main issues considered in this work are:
(@) acquisition of facial image from face
database, (b) extraction of the required face
features using PCA, (c) classification of the
facial images, (d) detection of the test face
using a simple and accurate color face
detection algorithm in complex background,
and (e) recognition of the face using BPNN.
First, the authors will discuss about the outline
of the proposed face recognition technique
with a proper block diagram. Since the authors
used PCA technique for the purpose of
dimension reduction, a simple overview is
described afterwards. Classifier technique and
face detection technique are described later.
Finally, experimental results and analysis are
given with conclusions and discussion in brief.

OUTLINE OF THE PROPOSED FACE
RECOGNITION TECHNIQUE

The proposed face recognition system has been
developed based on principal component
analysis and back-propagation algorithm. Here
face detection technique has been used to reject
the non-facial image before using the back-
propagation classifier. The issues of design and
implementation of the face recognition system
can be subdivided into two stages. In the first
stage, different types of face images have been
taken from face database. Then PCA technique
has been introduced to reduce the dimension
and redundancy to extract the class-specific
features of the data. At last, these processed
features have been used as the input set of data
in BPNN network and trained the network. In
the second stage, an unknown facial image has
been taken and a face detection algorithm has
been used to detect the human face. Feature has
been extracted using PCA from the survived
unknown facial image. These extracted
features have been classified by the back-
propagation algorithm. Finally the authors
classified the unknown facial image into a class
of known facial image. Here the unknown face
value is less than or equal to the desired error
rate then we decide it as recognized facial
image otherwise it is not recognized. The
flowchart of the system is given below-
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Fig. 1: Block Diagram of the Proposed Face
Recognition System.

Face recognition is such a challenging yet
interesting problem that it has attracted
researchers who have different backgrounds:
psychology, pattern recognition, neural
networks, computer vision, and computer
graphics [12]. In the proposed system the face
recognition procedure required several steps.
These are given below:

Step 1: Take the train faces from train
database.

Step 2: Facial feature extraction using PCA.
Step 3: Learn the train faces using BPNN.
Step 4: Take the test face from test database.
Step 5: Detect the test face.

Step 6: Recognize the face.

JOAIRA (2014) 19-24 © STM Journals 2014. All Rights Reserved Page 20



Journal of Artificial Intelligence Research & Advances

Volume 1, Issue 2

STM JOURNALS

FEATURE EXTRACTION FROM
FACE DATABASE

In preprocessing stage, noise reduction process
is always desirable in image processing system.
Here median filter technique has been used to
reduce the noise which is a nonlinear digital
filtering technique. Such noise reduction is a
typical preprocessing step to improve the
results of later processing. It is most important
that median filter is demonstrably better than
Gaussian blur at removing noise whilst
preserving edges for a given, fixed window
size for small to moderate levels of (Gaussian)
noise [13]. For speckle noise and salt and
pepper noise (impulsive noise), median filter is
particularly effective [14]. The purpose of PCA
is to reduce the large dimensionality of the data
space (observed variables) to the smaller
intrinsic dimensionality of feature space
(independent variables), which are needed to
describe the data economically. It is known
that the independent variable is subject to just
as much deviation or error as the dependent
variable [15]. An image of size NxN can be
represented as a point in a N° dimensional
space. Let us have a face image I(x,y), be two
dimensional N by array of (8 bit) intensity
value. M training images are represented by I,
I,,..., Iy and each image |; is represented as a
vector T, Now the average face vector is
calculated using the following equation:

l M
Y=—>T.

M Zl ' )
=T, - 2
A=[0, ;.. 0] 3)
C=AA 4

Here, v is the average face vector, o, is the

deviation vector for i-th image, A is the set of
deviation vector of M images and C is an
N°xN? matrix and A is an N>xM matrix. Instead
of the matrix AA, consider the matrix ATA.
Remember A is an N*>xM matrix, thus AA is
an MxM matrix. If we find the Eigenvectors of
this matrix, it would return M Eigenvectors,
each of dimensions Mx1; let us call these
Eigenvectorsv;. The best M Eigenvectors can

be found using below equation:

M, = Av, (5)

Each face in the training set (minus the mean),
®; can be represented as a linear combination
of Eigenvectors y;, i.e.,

CDi = ij:uj (6)
j=1

These weights can be calculated as:

;= p; D, ™

Each normalized training image is represented
in this basis as a vector.

QO =[0,0,..0] (®)

Features extraction process provides us with
feature matrixes containing the recognizable
features of the face images. [16-20].

CLASSIFICATION TECHNIQUE
Here the feature vector calculated by PCA
technique has been used as input in the back-
propagation training algorithm. We get
Q; =[wy, ®y,...,0] input vector. Now we can
calculate the j-th hidden unit as follows:

h N h h
net, = ;Wiiwpi + 91- 9)
where, W?i is the weight on the connection

from the i-th input unit, and HF is the bias

term. The ‘h’ superscript refers to quantities
on the hidden layer. Now we calculate the
output from the hidden layer as

i, = f"(neth) (10)
Assume that the function " be differentiable

and written as f"and move to the output
layer to calculate the net-input values to each

unit.
L
o: 0
net,, = Z;ijlpj + 0 (11)
]:
Now we can calculate the outputs:
Oy = f7(net;,) (12)

where, the ‘0’ superscript refers to quantities
on the output layer. Assume that the function

f’ be differentiable and written as f,” . Now

we can calculate the error terms for the output
units and error terms for the hidden units:

5:3)k = (ypk - Opk)fkd (netgk) (13)
h ' (0] 0
5pi f(net;) D Snowg (14)
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Notice that the error terms on the hidden units
are calculated before the connection weights to
the output-layer units have been updated.

W;. (t+1) = wy (t) + o3, (15)
The factor m is called the learning-rate
parameter. Update weights on the hidden layer
can be done by the following equation:

wh(t+1) = wi(t) + ndx, (16)
The order of the weight updates on an

individual layer is not important. The error
term is calculated by

1 M
E, = E%‘m (17)

After finishing the training stage, we used the
trained weight value for an unknown pattern
feature vector to calculate the output. Then we
calculated the distance between the output for
the train pattern and the test pattern. The
closest pattern from database has been selected
[21, 22].

FACE DETECTION TECHNIQUE

For face detection, the authors used the face
detection algorithm where a new lighting
compensation scheme has been used to
overcome the problem of color-based method
and simplify the feature-based detection [5].
The procedure of face detection is given below:

A. Lighting Compensation

At first in the face detection process, it
compensates the image. We use YCbCr color
space transform for lighting compensation.

(a)
Fig. 2: (a) Test Image, (b) After Lighting
Compensation.

(b)

B. Remove Noise

In order to remove high frequency noise fast,
we implement a low pass filter by a 5x5
mask. Every point of a 5% 5 block is set to
white point when the number of white points is
greater than half number of total points. On the
other hand, if the number of black points is

more than a half, this 5 x 5 block is modified to
a complete black [5].

-
- 98"

Fig. 3: Remove Noise.
C. Skin Color Detection
After using the low pass filter, we find the left-
most, right-most, upper-most, and down-most
points. By these four points, we create a
rectangle around the face region. Then, we can

get several skin-color blocks called candidate
blocks to detect facial features.

g

Fig. 4: (a) Skin Detection, (b) Face
Candidate.
D. Eye Detection
Then we find out the eye region and detect the
eye.

Fig. 5: Detect the Eye.

E. Mouth Detection
Then we find out the mouth region and detect
the mouth.

Fig. 6: Detect the Mouth.
F. Final Decision
If we found the mouth and eye in the test
image then it is a human face.
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EXPERIMENTAL RESULTS AND
PERFORMANCE ANALYSIS
In this research work, the artificial neural
network behaviors and the accuracy for face
recognition system arc investigated. The
accuracy of face recognition depends upon
some factors. Normalizing the face image is
one of the major factors that increase the
accuracy of the system. When we work with
noisy image, it is very important. If we
normalize the face images before extracting
the feature, it will reduce the error of lighting
conditions and background of the images and
extract the feature correctly. Threshold is
another factor that can increase the system
accuracy. The accuracy of the proposed
system is increased with the increase of
threshold. For this system we define the
threshold as 0.9 (out of 1). Behavior of neural
network is also a factor that can change the
accuracy of the system. If the network
achieves the goal, the system works properly.
The accuracy of this system also depends on
the effective scaling and feature extraction
methods. In the next section we describe the
behavior of the neural network according to
our thesis and the accuracy of this system
based on the back-propagation neural network.
We know the accuracy of the face recognition
system is
% accuracy =
Number of correctly recognized images

Total Number of Test Images

Here number of input faces are 100. We used a
network in which size of input and hidden
layer is 10 and size of output layer is 10.
Number of train images is 100 and test images
is 20, so the accuracy of our system.

Table 1: Performance of the Face Recognition

To analyze the system accuracy, it was
considered that the size of input and hidden
layer, the size of output layer and the error rate
is 10, 10 and .000001 respectively. If
performance goal was met then the accuracy
of the proposed system is given bellow.

Table 2: Performance of the Face Recognition

System.
Index Number of Number of Accuracy

train faces test faces %
1 50 20 45
2 60 20 45
3 70 20 60
4 80 20 70
5 90 20 75

System.
Index Error rate Accuracy (%)
1 .01 35
2 .001 40
3 .0001 50
4 .00001 65
5 .000001 85

From the above table, we can understand that
the accuracy of our system is increased with
the decrease of the error rate.

From Table 2, we can easily understand that
the accuracy of the system increases with the
increasing of the amount of train faces. So if
we learn the network by more faces the system
accuracy will be increased. For the 100 train
faces the system accuracy became 85%.

DISCUSSION AND CONCLUSIONS
Face is a flexible and highly secured paradigm,
which shifs the biological security to the
electronic security. There are several methods
that can be used for that purpose. The proposed
system is face recognition system where
features have been extracted using PCA, and
face  detection  technique used  with
classification  technique  named  back-
propagation neural network. We try to increase
the performance of the face recognition system
and try to decrease the execution time. The
accuracy of this system is 85%. In future, we
can enhance the system by using more efficient
technique for face detection and image
preprocessing technique.

REFERENCES

1. Rafael C Gonzalez, Richard E. Woods.
Digital Image Processing. Prentice Hall,
Second edition; 2002.

2. Cun Le, Boser B, Denker JS, et al.
Backpropagation applied to handwritten
zip code recognition. Journal Neural
Computation. MIT Press Cambridge, MA,
USA. Winter, 1989; 1(4): 541-51p.

3. Kosmidis Kotropoulos Bassiou,
Kotropoulos C, Bassiou N, et al. Frontal

JOAIRA (2014) 19-24 © STM Journals 2014. All Rights Reserved Page 23




Face Detection and Recognition System

Toufiq et al.

10.

11.

12.

face detection using support vector
machines and back-propagation neural
network. Conference of Proc. Int. Conf.
Image Processing. 2001; 1026-9p.
Mohamed ASS, Ying Weng, Ipson SS, et
al. Face detection based on skin color in
image by neural networks. International
Conference on Intelligent and Advanced
Systems. 25-28 Nov. 2007; 779-83p.
Yu-Ting Pai, Shang-Jang Ruan, Mon-
Chau Shie, et al. A simple and accurate
color face detection algorithm in complex
background. IEEE International
Conference on Multimedia and Expo,
2006. 9-12 July 2006; 1545-8p.

Yao-Jiunn Chen, Yen-Chun Lin. Simple
face-detection  algorithm  based on
minimum facial features. The 33rd Annual
Conference of the IEEE Industrial
Electronics Society (IECON). Nov. 5-8,
2007. 455-60p.

Saikia Pallabi, Janam Gollo, Kathing
Margaret. Face detection using skin colour

model and distance between eyes.
International Journal of Computing,
Communications and Networking.

November—December 2012; 1(3): 102-5p.
ISSN 2319-2720.

Latha P, Ganesan L, Annadurai S. Face
recognition using neural networks. Signal
Processing: An International Journal
(SP1J). 2009; 3(5): 153-60p.

Ghorpade Santaji, Ghorpade Jayshree,
Mantri Shamla. Pattern recognition using
neural networks. International Journal of

Computer  Science &  Information
Technology (1JCSIT). December 2010;
2(6).

Christine L. Lisetti, David E. Rumelhart.
Facial expression recognition using a
neural network. Proceedings of the
Eleventh International Florida Atrtificial
Intelligence Research Society Conference.
1998; 328-32p.

Perveen Nazil, Gupta Shubhrata, Verma
Kesari. Facial expression recognition
system using statistical feature and neural
network. International Journal  of
Computer Applications (0975 — 888). June
2012; 48(18).

Bernd Girod. Digital Image Processing.
Information Systems Laboratory,
Department of Electrical Engineering
Stanford University.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Arias-Castro E, Donoho DL. Does median
filtering truly preserve edges better than
linear filtering? Annals of Statistics. 37(3):
1172-2009p.

Arce GR. Nonlinear Signal Processing: A
Statistical Approach. Wiley: New Jersey,
USA,; 2005.

Pearson K. On lines and planes of closest
fit to systems of points in space.
Philosophical Magazine 2. 1901; 559-72p
Turk Matthew, Pentland Alex. Eigenfaces
for recognition. Journal of Cognitive
Neuroscience. 1991; 3(1): 71-86p.
Belhumeur Peter N, Hespanha Joao P,
Kriegman David J. Eigenfaces vs.
fisherfaces:  recognition using class
specific linear  projection. IEEE
Transactions on Pattern Analysis and
Machine Intelligence. July 1997; 19(7).
Ivanna K. Timotius, Iwan Setyawan,
Andreas A. Febrianto. Face recognition
between two person using kernel principal
component analysis and support vector
machines. International Journal on
Electrical Engineering and Informatics.
2010; 2(1).

Gautam Siddharth. Face recognition using
eigen faces and dimensionality reduction
by PCA. International Journal of
Emerging Research in Management
&Technology. May 2013; 2(5): 21-8p.
ISSN: 2278-9359.

Upadhayay Ritu, Yadav Rakesh Kumar.
Kernel principle component analysis in
face recognition system: a survey.
International  Journal of  Advanced
Research in Computer Science and
Software Engineering. June 2013; 3(6):
348-53p.

Beale R, Jackson T. Neural Computing:
An Introduction. Adam Hilger, Bristol,
Philadelphia and New York; 1990.

James A. Freeman, David M. Skapura.
Neural Networks, Algorithms, applications
and Programming Techniques. Addison-
Wesley Pub (Sd), June, 1991.

JOAIRA (2014) 19-24 © STM Journals 2014. All Rights Reserved

Page 24



