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Abstract— Here we are taking 40 person’s database having 10 images per person. In total we will be having 400 images. We 
are proposing a face recognition system in which we are going to use the Principal component Analysis for feature extraction 
and Self Organizing Maps(SOM) as a classifier. We will be calculating the Euclidean distance on the basis of PCA and then 
recognizing a face is known or unknown which will be tested between training and a testing image. 
 
Index Terms— Eigenfaces, PCA(Principal Component Analysis) ,SOM(Self Organizing Maps),3D( Three Dimensional). 
 
I. INTRODUCTION 
 
Our face is primary identity which represents a human 
being in social life. Each face has unique features 
which differ from the other people. So face can be used 
to define a person’s identity. We are able to recognize 
a person even after we see them after years; this is 
because of the primary features present on a human 
face. May be they are with hairstyle change or with 
glasses or bearded still we can recognize them. Same 
can be done by computer to identify the faces and that 
can be used if any criminal records are there, also 
verification of identity and in social media 
applications like Picasa where automatic tagging in 
pictures is done. Also this automatic recognition can 
be used at airports, image which is captured form 
video or from CCTV footage. 
Biometrics is used in the process of authentication of a 
person by verifying or identifying that a person 
requesting a network resource is who he, she, or it 
claims to be, or vice versa. It uses the property that a 
human trait associated with a person itself like 
structure of finger, face details etc. By comparing the 
already existing data with the input data we can verify 
the identity of a certain person [1]. There are many 
types of biometric system like fingerprint recognition, 
face detection and recognition, iris recognition etc., 
these methods are used for identification of criminals, 
for passport verification at airport,etc. Advantages of 
using these methods for identification or verification 
are that they cannot be forgotten or lost. These are the 
most unique features of a human being which are 
being used widely. 
Growth in electronic transactions demands for the 
biometric user authentication. As we know that credit 
cards or debit cards can be stolen and used by 
unauthorised person. Many people use birth date or 
very common number combination for PIN. This 
makes the people to easily access the PIN of that card. 
Use of face recognition technology plays a vital role 
here. As face is having unique biometric features it 
can be used at time of transaction to identify the 
original user of it.  

 
The task of human facial feature extraction is very 
complicated. Human face differs from person to 
person. The gender, age and other physical 
characteristics of an individual have to be considered 
thereby creating a challenge in computer vision. We 
get lot of information from image of Human face but 
we have to extract only important information from 
that which will be useful for recognizing a particular 
face. Because working with all the information is very 
time consuming and extra calculations of data are 
needed. Face recognition is challenging because it is a 
real world problem. The human face is a complex in 
nature, natural object that does not have automatically 
identified edges of image and key features. Because of 
this, it is difficult to develop a mathematical model of 
the face that can be used as prior knowledge when 
analyzing a particular image.  
 
II. LITERATURE SURVEY 
 
In human face the shape and size of nose, eyes, lips 
varies from person to person. To extract and measure 
these features some land markings (most important 
points) are used. The method of face recognition 
depends upon the application which we want to apply 
for. Fr example if we want to apply for surveillance 
system which may use the video camera but the image 
database investigations may require static intensity 
images taken by a standard camera. The other 
applications, which are access to top security domains, 
may even require the quality of face recognition by 
user to stand in front of a 3D scanner or an infra-red 
sensor. Therefore, depending on the face data 
acquisition methods, face recognition techniques can 
be widely divided into three categories: methods those 
work on intensity images, those operate with video 
sequences, and those that need other sensory data such 
as 3D information or infra-red imagery. 
 
FACE RECOGNITION FROM INTENSITY IMAGES 
Face recognition methods for intensity images are 
divided into two main categories: feature-based and 
holistic. 
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A. FEATURE BASED APPROACH 
Feature based approach processes only remarkable 
features such as eyes, nose and mouth etc. And then 
computes the geometric distances of these facial 
points. Standard statistical pattern recognition 
techniques are then employed to match faces using 
these measurements. In the earlier phase of Facial 
recognition system the feature based approach has 
been used by Kanade[2], he used 16 facial points and 
used a simple Euclidean distance measure for 
matching to achieve a peak performance of 75% on a 
database of 20 different people using 2 images per 
person. 
 
B. IMAGE BASED APPROACH 
Holistic approaches attempt to identify faces using 
global representations of data, i.e., descriptions based 
on the whole image rather than on local features of the 
face image.  
There have been several methods in past some years 
that depend upon deforming facial surfaces into one 
another, under some chosen conditions, and use 
quantifications of these deformations as metrics for 
face recognition. In these methods, the methods using 
nonlinear deformations use local stretching, 
compression, and bending of surfaces to match each 
other and are referred to as elastic methods. For an 
example, Kakadiaris et al. [3] used an annotated face 
model to study geometrical variability across faces. 
The face model is deformed elastically to fit each face 
in a database, thus matching different anatomical 
areas such as the nose, eyepair, and mouth in a face 
image. 
In [4] 3D to 2D conversion of face image is used. 3D to 
2D face conversion depends on the head position and 
illumination present in that particular image. In this 
approach a system which matches databases images 
are matched with the normalized image using meshes 
present in the databases. This system works well with 
the indoor images rather than outdoor images. First 
the estimation of the lighting parameters is done to 
minimize the difference between the input texture and 
the combination of lighting maps. Then use of the 
lighting parameters is done to generate the lighting 
maps. Then compute an estimate by removing the 
lighting effects from the input quality. Then change 
the input quality or the previous estimate with the 
current estimate. 
In [5] Eigen faces are used to represent the feature 
vectors by Raman Bhati et al. This approaches for 
selecting the learning rate for single layer feed 
forward neural network and BPNN also. In this neural 
network can give 100% recognition accuracy if correct 
learning rate is assigned to it. Also BPNN is more 
sensitive to hidden neurons and learning rate. 
Therefore when wavelets were used extraction of 
features of a face image both neural networks can 
show better results. 

In [6] neural network is used with the algorithm 
named as incremental regularized orthogonal least 
square which updates new data. It will not train the 
network again. It selects basis vector which provides 
error reduction among all the basis vectors and 
orthogonalizes remaining basis vectors into a 
Euclidean space formed by the selected basis vector. 
This is repeated till error is reduced. During the next 
phase which is testing of an image, the decision scores 
are linearly combined through a set of fusion weights. 
Here, the weights are determined by the illumination 
variation estimator where the illumination variation 
factor will be assigned based on the illumination 
variation level of the input testing image. For 
example, the weight assigned to score1 is higher than 
that assigned to score 2 if the input image is influenced 
by high illumination variation. The illumination 
variation estimator uses morphological opening to 
remove the facial features and then estimates the level 
of illumination variation of the image. The level of 
illumination variation can be described as the 
illumination variation factor k. assuming that the face 
image that contains illumination variation has one 
side of the image brighter than the other, the k can be 
determined as the difference between the mean pixel 
values at the left and the right sides of the image. The 
weight of the system can then be determined 
adaptively based on the k value of the testing image. 
The sum rule is incorporated to combine the scores. 
 
III. PROBLEM STATEMENT 
 
The face recognition problem can be formulated as 
follows: Given an input face image and a database of 
face images of known individuals, how can we verify 
or determine the identity of the person in the input 
image? 
The 3D Face Recognition system is used for 
verification of any person’s identity. If any occlusions 
are present in the image then it is not possible to 
recognize a person manually. In case of identical twins 
it is very difficult to recognize the correct person 
manually. It will be an added expense for any 
organization for keeping one person for such kind of 
job. The automatic face recognition system can do this 
job in some seconds and time also be saved. 
3D Face Recognition is an invention that will be useful 
for the authentication of identity of a certain person. If 
any person is misusing the belongings like ID cards of 
other person that is very harmful to original owner of 
the ID cards. So this automatic identification of face is 
very very useful equipment which can give us the 
desired result of known or unknown identity of any 
person. 
Here we are going to use the ORL database of 400 
images. Using PCA we will extract the features of the 
database. Features of the database calculated will be 
average, mean, Euclidean distance and weights of 
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input vector. We will subtract the average from input 
weight vector to get the distance. And based on the 
distance the face will be recognized as known or 
unknown 
 
IV. PROPOSED SYSTEM 
 
A. Principal Component Analysis with Radial basis 
curves 
The PCA algorithm is generally used to take out the 
important features of an image.  These important 
features which are called as Eigenface in face 
recognition system’s domain. It is very efficient 
method which is most widely used for face 
recognition, image  analysis etc. PCA not only reduces 
the dimensions of an image but it keeps some of the 
variations in image data also. With the help of the 
PCA algorithm we can transform images in the 
training datasets into the corresponding eigenface. 
This eigenface is very useful while reconstructing the 
original image or the input image. 
Here we have used 40 person’s set of images to 
generate a set of eigenfaces, each persons 10 images 
per one set. These images are normalized to line up the 
eyes and mouths. They are then all resample at the 
same pixel resolution (say m×n)here we have used 
256x256 size, and then treated as mn-dimensional 
vectors whose components are the values of their 
pixels. The eigenvectors of the covariance matrix of 
the statistical distribution of face image vectors are 
then extracted.  
Since the eigenvectors are those vectors which belong 
to the same vector space as original face images, they 
can be viewed as if they were m×n pixel face images: 
hence the name Eigen faces. In this way the Eigen face 
will be the average face of all the training sample 
images. The Eigen face helps us to reduce the 
dimensions of original data by taking out the only 
most important features of the input images. So the 
compression of the data is achieved. 
Here we are talking about to extract the only important 
features of the data we have and creating the average 
face i.e. Eigen face. But the opposite of it is also 
possible that from the weights we have calculated face 
can also be recognized. We can subtract the mean 
image r average face from input image and if the 
Euclidean distance is minimum than the threshold 
then the input face is said to be known. 
Therefore, using this weights one can determine two 
important things: 

 The given image is face image or not, if 
weights of given image differ too much from 
the face images then it is not a face image. 

 Similar looking face for e.g. twins has 
similar eigenfaces Similar to some degrees. If 
one extracts weights from all the images 
available, the images could be grouped to 
bunches or clusters. That is, all images 

having similar weights are likely to have 
similar face. 

 
Algorithm of a PCA with RBC system: 

 
1) Training 

1. Select folder of training images 
2. Apply PCA on them for calculating 

mean,Eigenvalues, selection of features and 
selection of projected images 

3. Store database 
 

2) Testing 
1. Load Database 
2. Apply radial curves on dataset 
3.  Calculate curves and the features 
4. Select any one image for testing 
5. Apply radial curves 
6. Calculate features of testing image 
7. Find match using Euclidean distance. 

 
Advantages of PCA  

1. It’s the simplest approach which can be 
used for data compression and face 
recognition.  

2. Operates at a faster rate.  
 

Limitations of PCA  
1. Requires full frontal display of faces  
2. Not sensitive to lighting conditions of 

image, position of faces.  
3. Considers every face in the database as a 

different image. Faces of the same person 
are not classified in classes. 

 
B. Neural Network using Self Organizing Maps 
Neural networks are mostly used to create the 
important characteristics or traits from the database 
neural network provided to system which are called 
face features and recognize the face by matching the 
face features. Here we are using neural network which 
will be trained from the features from database in 
system is used for the purpose of recognizing an input 
face image.  
Face recognition is technique that successfully 
categorizes a set of images based on certain 
discriminatory features. Classification or pattern 
recognition is a very difficult problem and it is a one of 
the very interesting field of research and analysis.  
We are going to automatically recognize the input 
image entered with the existing database. Face 
recognition system's classification using neural 
networks have the two stages i.e. training and testing. 
First, the features that distinguish the image from the 
other face have to be identified. These features are 
stored to the database for future work of our face 
recognition system. Secondly, the system has to be 
trained to know how to distinguish between classes by 
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defining a learning model. The learning model of the 
neural network system used here describes the 
procedure that has to be used for the actual training. 
After the system has been trained we can test the 
images that are to be recognized. In neural networks 
there are two types of learning supervised learning and 
unsupervised learning 
The neural network classifier is a good substitute to 
the Euclidian distance method for face recognition. 
The main basic merit of the neural network is that no 
guesses need to be made as to how clustering will 
occur in face-space. If we give the correct areas such as 
nose eyepair, and mouth region system must be able to 
provide the correct results based on the comparison of 
the given characteristics. 
In neural network method we normally  project a input 
image face( test face) onto  training face image. This 
projection done in the similar fashion as in Euclidian 
distance method of PCA with RBC and processed in 
the similar way of Euclidian distance classification 
method.  
Also we have used here SOM i.e self organized maps 
which is a unsupervised learning methods of 
classifiers in neural network. In SOM we will first 
initialize weights. After that obtaining best matching 
unit. Based on this best matching unit the algorithm 
will produce result of the recognized face image from 
the database. 
SOM has been proposed by Kohonen in the early 
eighties (Kohonen, 1985). Since thattime, it has been 
used most widely for data analysis in some areas such 
as economics physics, chemistry or medical 
applications. As a general purpose clustering device 
with topology preserved from input data, 
Self-Organizing Map (SOM) has been widely utilized 
in various areas now (Kohonen, 1996).  The SOM 
provides an orderly mapping of an input data space 
“R” in much lower dimensional spaces, usually one or 
two dimensions. As it compresses information while 
preserving the most important topological and metric 
relationships of the primary data items, it can be 
thought to produce some kind of abstractions of 
information. The SOM provides an orderly mapping 
of an input high-dimensional space while preserving 
the most important topological and metric 
relationships of the primary data items, it can be 
thought to produce some kind of abstractions of 
information. So it can be utilized in a number of ways 
in complex tasks such as pattern classification and 
pattern recognition, machine learning, human 
machine interaction. 

 
Algorithm for Neural Network Face recognition 
System: 

1) Training 
1. Select folder of database of training images 
2. Apply computer vision toolbox on each 

image to detect eyepair nose, mouth, etc. 

3. Calculate features of all images  
4. Store it into database 

 
2) Testing 

1. Load database 
2. Select input image 
3. Use computer vision toolbox for calculating 

eyepair, nose and mouth regions 
4. Calculate the features 
5. Train the database into neural network 

using SOM to get the network 
6. Use that network and input feature to 

calculate similar image to find the match 
 
V. EXPERIMENTS AND RESULTS 
 

 
Figure 1. PCA method – checking face for matching with input 

 

 
Figure 2. PCA method – Match found 

 
Figures 1 and 2 shows the output of the PCA with 
radial curves method for face recognition.  
In this we create the database first by selecting the 
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folder which contains total 400 no of images which is 
comprised of the 10 images of 40 persons.  
After selecting the database folder and creating the 
database with the help of GUI we need to select the 
input image folder i.e. the image to be searched for 
recognition. Then we will run our PCA algorithm and 
will find the result. The PCA algorithm will check all 
the 400 images one by one and this is time consuming 
process  as  compared to the neural network algorithm 
proposed in this paper. In neural network time 
required is very less and due to this we can suggest this 
system to be used at the real time environment such as 
airport or day-care centres, office premise or the bank 
ATM centres. We can see in figure 1 that the face is 
being checked during the testing phase of our PCA 
and RBC algorithm. When the checking has been 
completed by our system the result will be shown as in 
figure 2  as “Found”. This completes the procedure of 
the recognition of an input image. 
Here we have compared the acceptance ratio and 
rejection ratios of both the algorithms for the aanalysis 
of PCA-RBC and NN using SOM. 
 

 
Figure 3. Graph of FRR and FAR for RBC and NN 

 

 
Figure 4: NN method – checking the face for matching with input 

image 

 
Figure 5: NN method : Output of matched face with input face 

 
Figure 3 is the graph of False Acceptance Ratio(FAR) 
and False Rejection Ratio(FRR). When the no of 
images in dataset are less the accetance ratio is high 
and rejection ratio is low. Whereas when the no of 
images in database are increased gradually the 
acceptace ratio decreases. Also PCA with RBC 
method has the higher FAR than NN for less than 40% 
and NN shows good performance for more than 50% 
of the images. So we can state that the NN has better 
results for the face recognition system. But one 
interesting thing is that the PCA system can match 
with the the similar face not the same exact image of 
that person in database. NN matches the exact face 
image in database. 
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