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Extra factors such as image quality (e.g., resolution,
compression, blur), time lapse and occlusion also add to face
recognition errors [2]. First, it requires matching facial
identities despite changes in lighting and viewpoint and thus
requires processing identity rather than simple image
matching [3]. Furthermore, global features are susceptible to
variations in facial expressions, poses and occlusions.
Another inherent difficulty of all holistic approaches is their
belief to the training databases since information about the
face discrimination is in discriminated by machine learning
from the face samples. A representative training database is
necessary, which, however, is not available in many
applications [4].
Principal Component Analysis (PCA)-based face
recognition method was proposed in (Turk), 1991 and
became very popular. Face recognition is performed by
comparing these feature vectors using different distance
measures. Using the PCA-based face recognition method we
calculate the eigenvectors and eigenvalues of the covariance
matrix of the training data. If this matrix is large, calculation
of eigenvectors becomes complicated. In order to solve this
problem we can use the decomposition of the covariance
matrix [4]. Face-based approach attempts to capture and
define the face as a whole. The face is treated as a twodimensional pattern of intensity variation. Under this
approach, face is matched through identifying its underlying
statistical regularities. Principal Component Analysis (PCA)
has been proven to be an effective face-based approach.
However, common PCA-based methods suffer from two
limitations, namely, poor Discriminatory power and large
Computational Load. It is well known that PCA gives a very
good representation of the faces[5]. Eigen face [7] method is
the most popular linear techniques for face recognition.
Eigen face applies Principal Component Analysis (PCA) to
project the data points along the directions of maximal
variances. Eigen face method is unsupervised, ability to
learn and later recognize new faces. There is another popular
technique, Linear Discriminant Analysis (LDA) which is a
supervised algorithm and this approach projects the face
images along the directions optimal for discrimination. But
the eigenface is better because it provides for the ability to
learn and later recognize new faces in an unsupervised
manner.
KNN classifier is best suited for classifying persons based
on their images due to its lesser execution time and better
accuracy than other commonly used methods which include
Hidden Markov Model and kernel method. Although
methods like SVM and Adaboost Algorithm are proved to
be more accurate than KNN classifier, K-NN classifier has a
faster execution time and is dominant than SVM in sparse
datasets [8].
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I.INTRODUCTION
In recent years, face recognition has attracted much attention
and its research has rapidly expanded by not only engineers
but also neuroscientists, since it has many potential
applications in computer vision communication and
automatic access control system. Especially, face detection
is an important part of face recognition as the first step of
automatic face recognition. However, face detection is not
straightforward because it has lots of variations of image
appearance, such as pose variation (front, non-front),
occlusion, image orientation, illuminating condition and
facial expression. In computer graphics, computer vision
and biometric applications, the class of objects is often the
human face. Registration of facial scan data with a face
model is important in face recognition, facial shape analysis,
segmentation and labeling of facial parts, facial region
retrieval, partial face matching, face mesh reconstruction,
face texturing and relighting, face synthesis, and face motion
capture and animation.
The recognition performance thoroughly degrades with pose
and lighting variations, though the recognition performance
has been improved substantially under frontal pose and
optimal lighting conditions [1]. Sources of errors in
automated face recognition algorithms are usually ascribed
to the well considered dissimilarities in pose, illumination,
and expression, collectively known as PIE.
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While research towards automatic face recognition
began in the late 1960's, progress has been slow.
Recently there has been renewed interest in the
problem due in part to its numerous security
applications ranging from identification of suspects in
police databases to identity verification at automatic
teller machines [1]. Though automatic face recognition
systems exhibit higher FAR (False Acceptance Rate),
the probability that a sample falsely matches the
presented face identification record or feature sets, and
FRR (False Rejection Rate), the probability that a
sample of the right person is falsely rejected, than other
successful biometric systems like fingerprint or iris
recognition, it is attractive because of its wide-spread
acceptability, universality and easier acquisition.
Recognition is a step by step process and quite timeconsuming in case it has to deal with a large problem
domain. In applications like surveillance system, airport
and banking security, database search time is
significantly
huge.
Thus, development of real-time
application is a challenging task. Neural networks have
emerged as a field of study within AI and engineering via
the collaborative efforts of engineers, physicists,
mathematicians, computer scientists, and neuroscientists.
Although the strands of research are many, there is a basic
underlying focus on pattern recognition and pattern
generation, embedded within an overall focus on network
architectures [10]. Artificial Neural Networks (ANN) and
Linear Discriminant Analysis (LDA) are used to increase
the generalization accuracy in face recognition.ANN is a
powerful technique, which can predict not only for seen
data, but also for unseen data[9].
Although many face recognition techniques has been
proposed, there exists still the pose and illumination
variation difficulties. In this paper we developed a novel
approach for face recognition using different classifiers to
achieve the better recognition rate and to overcome the
above mentioned problems. The outline of this paper is as
follows. In Section II overview of the proposed system is
presented . Section III presents an Methodology of the
Proposed work. Section IV presents the Result and
Discussion which illustrates the Experimental results and
evaluates the performance of the proposed system. Then the
Section V gives the Conclusion, Finally the paper ends with
the References.

Fig.1 Method and Classifiers in different Phases of the
system
III. FACE RECOGNITION SYSTEM WITH POSE
AND ILLUMIATION VARIATION
A. Normalization Phase
During the Enrollment phase, the face image is taken using
web camera and stored into database. CMU-PIE database
Next different subset of face are features data are extracted
and used for training. During training, the face image is
preprocessed using geometric and [10] photometric
Normalization. The features are extracted by feature
extraction techniques. The feature data is stored together
with the user identity in a database. Preprocessing is
applied for both training and testing dataset. (i) In
preprocessing phase Histogram equalization is applied and
edges are detected using Sobel operator,(ii) Face Features
are extracted using LDA(Linear Discriminant Analysis)
(Principles is Component Analysis) at feature extraction
phase, and (iii) Classification phase done using ANfis
Adaptive Neuro Fuzzy Inference , NN Neural network
.SVM (Support Vector Machine), system, K-NN (KNearest Neighborhood). Using different dataset as listed
below the Accuracy ,Precision, Recall and F-measure are
evaluated in terms of Recognition rate.
B. Feature Extraction Phase
Feature extraction (or dimensionality reduction) is an
important research topic in computer vision and pattern
recognition fields, since (i) the curse of high dimensionality
is usually a major cause of limitations of many practical
technologies; (ii) the large quantities of features may even
degrade the performances of the classifiers when the size of
the training set is small compared to the number of features
[1]. In the past several decades, many feature extraction
methods have been proposed, in which the most well-known
ones are PCA and LDA. Fisherface (LDA) method
outperforms the eigenface [3] method in case of large
variation of lighting condition, different face poses, and
different facial expression. Linear Discriminant Analysis
(LDA) has been one of the popular techniques employed in
the face recognition.

II. OVERVIEW OF THE PROPOSED SYSTEM
In our proposed system there are two phases, enrollment
phase and Recognition phase in turn
consist of
Preprocessing, Feature Extraction and Classification as
depicted in Fig 1. It consists of several modules which are
image
acquisition,
Training,
Testing
and
Recognition/verification.

C. LDA( Linear Discriminant Analysis)
The objective of LDA is to find the subspace that best
discriminates different face classes by maximizing between
class scatter, while minimizing the within-class scatter[13].
The eigenvectors chosen by LDA provide the best
separation among the class distributions, while PCA selects
eigenvectors which provide
best representation of the
overall sample distribution.
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The eigenvectors for LDA can be obtained by computing the

IV. RECOGNITION/VERIFICATION PHASE

eigenvectors of
Here,
and
are the betweenclass and with in-class scatter matrices of training Samples
and are defined in equation (1) and (2)as:

The face recognition module contains preprocessing ,
feature extraction and classification sub-modules. The face
image is preprocessed using photometric normalization and
during feature extraction normalized images are represented
as feature vectors. The
result of classification for
recognition purpose is determined by matching training and
testing set data[17].
The purpose of the classification sub module is to map the
feature space of a test data to a discrete set of label data that
serve as template. The classification techniques used are
ANFIS, NN, SVM, K-NN. The performance of a classifier
depends on the amount of sample images, number of
features and classifier complexity. One could think that the
false positive ratio of a classifier does not increase as the
number of features increases. However, added features may
degrade the performance of a classification algorithm. This
may happen when the number of training samples Table-1
Training and Testing Dataset
is small relative to the number the features. This problem is
called “curse of dimensionality” or “peaking phenomenon”.
A generally accepted method of avoiding this phenomenon
is to use at least times as many training samples per class as
the number of features. This requirement should be satisfied
when building a classifier. The more complex the classifier,
the larger should be the mentioned ratio. This “curse” is one
of the reasons why it’s important to keep the number of
features as small as possible. The other main reason is the
speed. The classifier will be faster and will use less memory.
Moreover, a large set of features can result in a false positive
when these features are redundant. Ultimately, the number
of features must be carefully chosen. Too less or redundant
features can lead to a loss of accuracy of the recognition
system.

(1)
(2)

Where

is the mean face for

class,

is the number of

training samples in
class. LDA subspace is spanned by a
set of vectors W, which maximizes the criterion, J , defined
in Equation (3) as:

(3)
W can be constructed by the eigenvectors of
. In most
of the image processing applications, the number of training
samples is usually less than the dimension of the sample
space.
D. Principal Component Analysis
PCA ,which is a Maximum Expression Feature (MEF)
extraction and used
for data reduction and
reconstruction.The idea behind PCA [12, 13] is to find the
best set of projection directions in the sample space that
maximizes total scatter across all images. This is
accomplished by computing a set of eigenfaces from the
eigenvectors of total scatter matrix
Equation(4)as:

defined in

A. Support Vector Machine
Support vector machines (SVMs), also support vector
networks are supervised learning models with associated
learning algorithms that analyze data and recognize
patterns, used for classification and regression analysis. The
basic SVM takes a set of input data and predicts, for each
given input, which of two possible classes forms the input,
making it a [18]non-probabilistic binary linear classifier.
Given a set of training examples, each marked as belonging
to one of two categories, an SVM training algorithm builds a
model that assigns new examples into one category or the
other. An SVM model is a representation of the examples as
points in space, mapped so that the examples of the separate
categories are divided by a clear gap that is as wide as
possible. New examples are then mapped into that same
space and predicted to belong to a category based on which
side of the gap they fall on.
In addition to performing linear classification, SVMs can
efficiently perform non-linear classification using what is
called the kernel trick, implicitly mapping their inputs into
high-dimensional feature spaces.

(4)
Where m is the mean face of the sample set . For
dimensionality reduction, K (where K < M) eigenvectors
Corresponding to first K largest
eigenvalues of St are selected as eigenfaces. Reduced
dimension training samples,

can

be obtained by the transformation
Now, when a probe image is presented for
identification/verification, it is projected on U to obtain a
reduced vector

. A response vector of length C,

is calculated by measuring
distances from the probe to the nearest training samples
from each class. The distance function between two vectors
can be expressed in the following Equation (5)
(5)
The desired class label for the probe image can be obtained
by minimum membership rule in equation (6).

IV.RESULTS AND DISCUSSION
(6)
PCA also known as Karhunen-Loeve (KL) transformation or
eigenspace projection, a frequently used statistical technique
for optimal lossy compression of data under least square
sense, provides an orthogonal basis vector-space to represent
original data.
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The face images are non frontal and illuminated ,which are
taken from CMU-PIE face database. The CMU-PIE consists
of 45 persons with PIE variation.
We test the proposed algorithms on a face
dataset(d1,d2,d3,d4) from the CMU-PIE face databases. The
experiments were made with “closed” image set, so we did
not have to deal with issues like detecting people who are
not in the training set. On the other hand, we worked with
real-world face images; our database contains images of the
same subjects that often differ in different Poses and
Illumination variation.
As comparison, we also did experiments with the traditional
NN (Nearest Neighbor) algorithm[15], K-NN (K-nearest
neighborhood),ANfis Adaptive Neuro-Fuzzy Inference
system , , and proposed method was SVM (Support Vector
Machine)[19]. Accuracy, F-Measure, Recall, Precision were
some of the performance metric used in terms of
Recognition Rate. If there are a total of t test images from
all subjects and c images out of these t images can be
correctly recognized then a recognition rate is c/t. some
experimentation were conducted to the effectiveness of the
proposed system. For evaluating the Recognition and
Authentication performances, the different datasets were
used. The Table-1 shows the different dataset for Training
and Testing dataset (d1,d2,d3,d4) used to evaluate the
recognition rate.

Table-1. Different Dataset and its Training set and Testing
Set sizes

Fig.2 Dataset of 24 Poses and Illuminated Face Images
per subject
The First experimental results shows the feature extraction
using LDA with three different classifiers and proposed
SVM without normalizing the Datase(d1,d2,d3,d4).
Fgdhfgdfgdf

Table-.2 Without Normalization using LDA

In the second experiment, the Table-3 results in using PCA without Normalization.
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Table-3. Without Normalization using PCA
Testing set

8x24

Training set

4x24

classifiers

Accuracy

Precision

Recall

F-measure

Anfis

0.88889

0.79091

0.90625

0.84466

NN

0.84375

0.7931

0.71875

0.7541

K-NN

0.80903

0.71134

0.71875

0.71503

0.90972
0.90417

0.78689
0.85437

1
0.91667

0.88073
0.91667

NN
K-NN
Proposed SVM
Anfis
NN
K-NN
Proposed SVM
Anfis

0.87917
0.90
0.92113
0.91071

0.98551
0.9186
0.97189
0.97107

0.70833
0.82292
0.84028
0.81597

0.82424
0.86813
0.90139
0.88679

0.87
0.91518
0.94792
0.93519

0.99519
0.89965
0.87156
0.88318

0.71875
0.90278
0.98958
0.98438

0.83468
0.90121
0.92683
0.93103

NN

0.91204

0.92541

0.8724

0.89812

K-NN
Proposed SVM

0.88889
0.9513

0.9586
0.91837

0.78385
0.9375

0.86246
0.92784

Proposed SVM
Anfis
12x24

8x24

16*24

12*24

20*24

16*24

Table-4. With Normalization using LDA

In third experiment, Table-3 and Table-4 are tabulated using with normalization before the extracting the features of the
training and testing set of face image data and with different classifiers.

Testing set

Training set

8x24

4x24

12x24

8x24

16*24

12*24

20*24

16*24

Table:5 With normalization using PCA
Classifiers
Accuracy
Precision
Anfis
0.92361
0.93023
NN
0.92014
0.86139
K-NN
0.90972
0.82407
Proposed SVM 0.94792
0.90099
Anfis
0.92917
0.92473
NN
0.91369
0.95635
K-NN
0.90923
0.88215
Proposed SVM 0.95417
0.99419
Anfis
0.94196
0.9308
NN
0.91815
0.90877
K-NN
0.89732
0.93281
Proposed SVM 0.96429
0.92308
Anfis
0.95833
0.98066
NN
0.92477
0.97612
K-NN
0.90856
0.83814
Proposed SVM 0.96528
0.96825
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0.8333
0.90625
0.92708
0.94792
0.89583
0.83681
0.90972
0.89063
0.93403
0.89931
0.81944
1
0.92448
0.85156
0.98438
0.95313
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F-measure
0.87912
0.88325
0.87255
0.92386
0.91005
0.89259
0.89573
0.93956
0.93241
0.90401
0.87246
0.96
0.95174
0.9096
0.90539
0.96063
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The Table-4 and Table-5 represents the Accuracy Rate of
the Face Recognition System with Normalization included
in the preprocessing phase and LDA and PCA applied in
the Feature Extraction Phase and evaluated using Anfis,
NN,K-NN and proposed SVM in the Classification Phase.
Among all the experiments Tabulated in Table-1.,2,3,4 ,the
Proposed Classifier SVM gives the best recognition Rate
with the feature Extraction using PCA as 96.5% when the
size of the training set increases with the increase of
Accuracy.
The Fig.3 and fig.4 depict the bar graph of the Recognition
Rate(Accuracy) in (%) for different Classifiers with the
proposed classifier Support Vector Machine(SVM) with out
Normalization Phase.

Fig 5. LDA with Normalization

Fig.3 LDA without Normalization

Fig.6 PCA with Normalization
V.CONCLUSION
A Novel face recognition algorithm is proposed through the
methodology of identifying the Recognition rate using
training and testing dataset. Classification problem can be
easily handled by Support Vector Machines (SVM) hence a
classification algorithm that has successfully been used in
this framework is the all-known Support Vector Machines
(SVM) [20], which can be applied to the original appearance
space or a subspace of it obtained after applying a feature
extraction method. advantage of SVM classifier over
traditional neural network is that SVMs can achieve better
generalization performance. For experimental purpose
three classifiers were used along with SVM and the results
were tabulated and represented using the Bar graph.
(i)

Fig.4 PCA without Normalization

(ii)

The Fig.5, Fig.6 depict the bar graph of the Recognition
Rate(Accuracy) in (%) for different Classifiers with the
proposed classifier Support Vector Machine(SVM) with our
Normalization Phase.

(iii)
(iv)

(v)

(vi)

LDA and PCA are feature extractors given best accuracy rate
when support Vector Machine is used as classifier.
Among the two Feature Extractors LDA and PCA , with
Normalization gives the best Recognition rate of 96%.
When the dataset size is increased the Recognition Rate also
increased.
Classifier with Supervised Learning method such as SVM is
better when compared to Unsupervised method such as KNN.
LDA can handle very high resolution image efficiently and
robust against noise and take very low computational cost.
Similarly PCA has more advantage over LDA, which can
handle very low resolution images gives best performance

result when the face is normalized and even very small
training sets.
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