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Abstract--- Face recognition is considered one of the most 

important biometrics. It has a number of advantages over 

other human identification methods. Firstly, it is non-

intrusive. While many biometrics require the subject's co-

operation and awareness in order to perform an 

identification or verification such as looking into an eye 

scanner or placing hand on a fingerprint reader, face 

recognition could be performed even without the subject's 

knowledge. Robustness of a face recognition system is 

measured by the ability to identify human subjects even in 

the presence of many variations in appearance of their faces. 

While most research efforts have concentrated on 

recognizing a human face from two dimensional (2D) 

images, recently three- dimensional (3D) approaches have 

been receiving more attention. Our objective in this research 

is to develop a face recognition system that overcomes the 

problem of changes in gesture and mimics in 3D range 

images. 
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I. INTRODUCTION 

Face recognition systems mainly belong to one of three 

categories; namely, feature-based approaches, holistic 

approaches (image-based), and hybrid approaches. Feature-

based methods look at geometric aspects, such as the 

distance between face features or the size of each of them, 

and use these measures to characterize the given face. The 

mentioned schemes are to some extent invariant to changes 

in illumination and canto a degree cope with changes in 

camera angles. 

In the holistic approach, the whole face is taken into account 

as input data to the face detection system. Examples of 

holistic methods are eigenfaces (most widely used for face 

recognition), probabilistic eigenfaces, Fisher faces, and 

support vector machines. The third group combines both of 

the aforementioned schemes. The hybrid approach is 

originated from the premise that human vision system 

perceives both local facial features and face as a whole 

entity.  

II. FISHERFACES-BASED METHODS 
The Fisher faces-based methods use the PCA and Fisher 

linear discriminate analysis to produce subspace projection 

matrix that is very similar to that of the eigenspace 

technique. However, it can solve one of the main issues that 

arise in the eigenfaces method. One of the main drawbacks 

of eigenface approach is that the scatter being maximized 

can also be due to within-class disperse, which can increase 

detection error rate if there is a significant variation in pose 

or lighting condition within same face images. A robust 

detection system should be able to handle this issue, 

considering these changes due to different illumination and 

head pose are almost always greater than variation due to 

difference in face identity. Since the Fisher faces-based 

approach takes advantage of within-class information; i.e., 

minimizing variation within each class, yet maximizing 

class separation, the problem with variations in the same 

class of images such as different lighting conditions can be 

overcome. However, the Fisher-faces driven method still has 

some potential problems that eigenfaces method has such as 

the background effect in the recognition result
 [14]

. 

III. INDEPENDENT COMPONENT     ANALYSIS (ICA) 

- BASED   METHOD       
Independent component analysis (ICA) is a data analysis 

method that has been applied to face recognition and 

authentication recently. While the goal in PCA is to 

minimize the reconstruction error in the mean squared error 

sense, in ICA it is to minimize the statistical dependence 

between the basis vectors. However, ICA has some 

disadvantages. Its algorithms are iterative, and sometimes do 

not converge easily. Also ICA basis vectors are much more 

expensive to compute than PCA’s counterparts.  

IV. HIDDEN MARKOV MODELS-BASED METHODS  

Hidden Markov models (HMM) are another promising 

method that works well for images with variation in 

different lighting, facial expression, and orientation. It is a 

very good performance in speech and character recognition, 

where the data is one- dimensional. In this approach, it is 

assumed that signals or images are a Markov process with 

unknown parameters, and the goal is to find these 

parameters from the observable sample or training set. Each 

state in HMM has a probability distribution over the 

possible output whereas it is observable in a regular Markov 

model. Face recognition is based on the extraction of two-

dimensional discrete cosine transformation feature. 

V. HYBRID METHOD    OF   COMPONEMNT - BASED   

The component-based approach is based on the thought that 

the face image is divided into a group of facial components 

such as nose, mouth, and eyes, and they are then 

interconnected by a flexible geometrical model. Thus, 

detecting an image with different head poses can be treated 

somewhat easily. Combining component-based approach 

with morphable models overcomes the need for large 

training dataset by producing synthetic images with multiple 

head poses and lighting conditions
 [2][7]

. 

VI. APPROACH TO 2D FACE RECOGNITION BASED 

ON PCA USING EIGENFACES  

1) Computational models of faces have been an active area  
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2) of research, for they can contribute not only to 

theoretical insights but also to practical applications, 

However, developing a computational model of face 

recognition is quite difficult, because faces are complex, 

multidimensional, and subject to change over time. 

Generally, there are three phases for face recognition. 

3) Face representation is the first task, that is, how to model 

a face. There are a variety of approaches for face 

representation, which can be roughly classified into three 

categories: template-based, feature-based, and 

appearance-based.  

4) Face detection is to locate a face in a given image and to 

separate it from the remaining scene. Several approaches 

have been proposed to fulfil the task. One of them is to 

utilize the elliptical structure of human head. A second 

approach for face detection manipulates the images in 

“face space”
[20]

  

5) Face identification is performed at the subordinate-level. 

At this stage, a new face is compared to face models 

stored in a database and then classified to a known 

individual if a correspondence is found. The 

performance of face identification is affected by several 

factors: scale, pose, illumination, facial expression, and 

disguise.  

A. PRINCIPAL COMPONENT ANALYSIS 

In mathematical terms, we wish to find the principal 

components of the distribution of faces, or the eigenvectors 

of the covariance matrix of the set of face images, treating 

an image as a point in a very high dimensional space. Each 

eigenface deviates from uniform gray where some facial 

feature differs among the set of training faces. They are a 

sort of map of the variations between faces
[3]

. 

This approach to face recognition involves the following 

initialization operations: 

1) Acquire an initial set of face images . 

2) Calculate the eigenfaces from the training set, 

keeping only the M images that correspond to the 

highest eigenvalues. These M images define the 

face space. 

3) Calculate the corresponding distribution in M-

dimensional weight space for each known 

individual, by projecting their face images onto the 

"face space". 

These operations can also be performed from time to time 

whenever there is free excess computational capacity. 

Having initialized the system, the following steps are then 

used to recognize new face images: 

1) Calculate a set of weights based on the input image 

and the M eigenfaces by projecting the input image 

onto each of the eigenfaces. 

2) Determine if the image is a face at all by checking 

to see if the image is sufficiently close to "face 

space." If it is a face, classify the weight pattern as 

either a known person or as unknown. 

3) Update the eigenfaces or weights as either a known 

or unknown 

VII. DETAIL NOTE ON GENERATING EIGENFACES 

Assume a face image I(x,y) be a two-dimensional M by N 

array of intensity values, or a vector of dimension M×N. A 

typical image of size 256 by 256 describes a vector of 

dimension 65,536. For simplicity 

the face images are assumed to be of size N×N resulting in a 

point in N
2
 dimensional space. Each vector is of length N

2
, 

describes an N by N image, and is a linear combination of 

the original face images. 

 

The Training set images used for the analysis purpose are 

shown in the Figure (1) and the corresponding eigenfaces 

for the training sets are shown in the Fig (3). Let the training 

set of face images be Γ1 ,Γ2 ...ΓM  . 

 The average face of the set is defined by 

 

 

 

Each face differs from the average 

by the vector. This set of very large vectors is then subject to 

PCA, which seeks a set of M orthonormal vectors, uk, which 

best describes the distribution of the data. The kth vector is 

uk chosen such that, 

 

 

                                                                  (1) 

The vectors uk and λk scalars are eigenvectors and 

eigenvaues, respectively, of the covariance matrix 

 

                                                                         (2) 

                                                                          

 

A Computationally feasible method is to be funded to 

calculate these eigenvectors. If the number of data points in 

the image space is M(M<N
2
), there will be only M-1 

meaningful eigenvectors. The eigenvectors can be 

determined by solving much smaller matrix of the order 

M
2
×M

2
 which, reduces the computations from the order of 

N
2
 to M, pixels. Therefore  the matrix L  

 

L=A.A
T
…………………………………(3) 

Where 

 

               
 

 

 
Fig. 1: the Training Images that have been used for analysis, 

Average Image for the training set 
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and find the M eigenvector ul of L . These vectors determine 

linear combination of the M training set face images to form 

the eigenfaces vl 

 

.              (4) 

FACE RECOGNITION 
The eigenfaces  span an N

2
-dimensional subspace of the 

original A image space. A new face image (I) is transformed 

into its eigenface components by a simple operation, 

 
Fig.3 shows three images and their projections into the 

seven-dimensional face space, the weights form a vector 

                                                                                                    

 
The simplest method for determining which face class 

provides the best description of an input face image is to 

find the face class k that minimizes the Euclidean distance 

 

 
where k Ω is a vector describing the kth face class. 

A face is classified as belonging to class k when the 

minimum εk is less than threshold θε Otherwise the face is 

classified as "unknown”. The, θε, is half the largest distance 

between any two face images, Mathematically can be 

expressed as, 

 

 
Fig. 3:  Eigenfaces of the corresponding training     

 images shown in Figure (1) 

VIII. IMPLEMENTATION MATLAB & RESULT 

The above discussed methodologies have been implemented  

onMATLAB2009. The Algorithm has been tested for the 

standard Image databases such as IIT Kanpur Indian 

database and several self-generated images, For the testing 

purpose we also have created an Image Database having 35 

test subjects in which 14 of are female subject and 

remaining male subject, in which two subject have each 

different facial expression image. 

The tests conducted on various subjects in different 

environments shows that this approach has limitations over 

the variations in light, size and in the head orientation, 

nevertheless this method showed very good classifications 

of faces near about 80%. 
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