
Abstract
 In today's networked world, the need to maintain the security of 
information or physical property is becoming both increasingly 
important and increasingly difficult. Face recognition is one of the 
few biometric methods, which is very complicated system since 
the human faces change depending on their age, expressions 
etc. A human being has lots of expressions. So it is not possible 
to learn all types of expressions into the network. As a result, 
there is a solution for the unrecognized. Moreover due to the 
performance variations of the input device, face cannot be 
detected correctly and pattern may change extremely. In this 
paper we have developed and illustrated a recognition system 
for human faces using Kohonen self-organizing map (SOM). The 
main objective of our face recognition system was to obtain a 
model that is easy to learn i.e. minimization of learning time, 
react well with different facial expressions with noisy input and 
optimize the recognition as possible. 
Among the architectures and algorithms suggested for artificial 
neural network, the SOM has special property of effectively 
creating spatially organized “internal representation’ of various 
features of input signals and their abstractions. After supervised 
fine tuning of its weight vectors, the SOM has been particularly 
successful in various pattern recognition tasks involving very 
noisy signal. SOM are topologically ordered, which leads to 
good extracting feature ability.  One develops realistic cortical 
structures when given approximations of visual environment 
as input, and is effective way to model the development of 
face recognition capability. The experimental result shows 
face recognition rate using SOM is 96.2% for 40 persons’ 400 
images of AT&T database.
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I. Introduction
In this document SOM [1],[2],[3] based technique for 
dimensionality reduction has been proposed. This technique 
has also been successfully used for face recognition. SOM is 
better than the other techniques PCA and ICA for the given face 
database and the classifier used. In face recognition system, we 
have database of images stored in the system. Whenever we 
get a new image, it is compared with the database of images 
already stored in the system. Neural Networks make use of 
new face image and the stored face images to determine 
if there is a match. It is a very interesting and challenging 
biometric technique of identifying individuals by facial features. 
Appearance based, rule based, feature based and texture 
based methods are the basic methods for face recognition.
This special issue will focus on the most notable aspects of 
face recognition as shown in    Fig.  1, which is training and 
mapping 

Fig. 1.  Comparing a new image with the database

II. Face Recognition
Using SOM as a feature extraction method in face recognition 
applications is a promising approach, as the learning is 
unsupervised; no pre-classified image data are needed at all. 
Face recognition process as shown in Fig.  2 involves 
selection and sampling of the image from the database(s); 
dimensionality reduction; 

1) selection and sampling of the image from the 
database(s); 

2) dimensionality reduction; 
3) feature extraction; and
4) classifier 

Fig. 2.  Face Recognition

A. Selection and Sampling
In a large database or data warehouse, there may be hundreds or 
thousands of valueless relationships. Since there are millions of 
records involved and thousands of variables, initial data mining 
is typically restricted to computationally tenable samples of 
the holding in an entire data warehouse. The evaluation of the 
relationships that are revealed in these samples can be used 
to determine which relationships in the data should be mined 
further using the complete data warehouse. With large complex 
databases, even with sampling, the computational resource 
requirements associated with non-directed data mining may 
be excessive. In this situation, researchers generally rely on 
their knowledge of biology to identify potentially valuable 
relationships, and they limit sampling based on these 
heuristics.
Sampling is choosing which points you want to have represent 
a given image. Given an analog image, sampling represents 
a mapping of the image from a continuum of points in space 
(and possibly time, if it is a moving image) to a discrete set. 
Given a digital image, sampling represents a mapping from 
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one discrete set of points to another (smaller) set.  In the local 
image sample classification, for example, there may be a very 
large number of classes in which the transition from one class 
to the next is practically continuous (making it difficult to define 
hard class boundaries).

B. Dimensionality and Reduction 
In the reduction phase of the face recognition process, data sets 
are reduced to the minimum size possible through sampling 
or summary statistics. For example, tables of data may be 
replaced by descriptive statistics such as mean and standard 
deviation.

C. Feature Extraction
The process of feature extraction is concerned with 
extracting patterns from the data by using techniques such 
as classification, regression, link analysis, segmentation, or 
deviation detection. 

D. Classifier
Classification involves mapping data into one of several 
predefined or newly discovered classes. 

III. The Self-Organizing Map
T. Kohonen introduced the Self-Organizing Map (SOM) [1]. It is 
an unsupervised learning process, which learns the distribution 
of a set of patterns without any class information. It has the 
property of topology preservation. There is a competition among 
the neurons to be activated or fired .The result is that only 
one neuron that wins the competition is fired and is called 
winner-takes all neuron. SOMs may be one-dimensional, 
two-dimensional or multidimensional, but the most common 
ones are either one-dimensional or two-dimensional maps. 
The number of input connections depends on the number of 
attributes to be used in the classification. The neuron with 
weights closest to the input data vector is declared the winner 
during the training. Then the weights of all of the neurons in 
the neighbourhood of the winning neuron are adjusted by an 
amount inversely proportional to the distance. It clusters and 
classifies the data set based on the set of attributes used. The 
algorithm is summarized as follows [7]:
Step 1- Initialization: Choose random values for the initial 
weight vectors wj(0), the weight vectors being different for j = 
1,2,...,l where l is the total number of neurons
Step 2- Sampling: Draw a sample x from the input space with 
a certain probability.
Step 3- Similarity Matching: Find the best matching (winning) 
neuron i (x) at time steps n by using the minimum distance 
Euclidean criterion

Step 4- Updating: Adjust the synaptic weight vector of all 
neurons by using the update formula 

where, η(n) is the learning rate parameter, and 
hj,i(x)(n) is the neighbourhood function centered around the 
winning neuron i(x). 
Both η(n) and hj,i(x) (n) are varied dynamically during learning 
for best results.
Step 5- Continue with Step-2 until no noticeable changes in 
the feature map are observed.

IV. Unsupervised Or Self-Organized Learning 

Algorithms
Unsupervised or Self-Organized learning algorithms have 
become very popular for discovery of significant patterns or 
features in the input data. The three prominent algorithms 
namely Principal Component Analysis (PCA) [6], Self Organizing 
Maps (SOM), and Independent Component Analysis (ICA) [6] 
have widely and successfully been used for face recognition. In 
this paper a SOM based technique for dimensionality reduction 
has been proposed. This technique has also been successfully 
used for face recognition. As shown in Fig.  3 and Fig.  4, SOM 
has the property of topology preservation.
Main Algorithm :  The steps in constructing a SOM [1],[2] 
 
Step 1 - Initializing the Weights
Step 2 - Obtain Best Matching Unit
Step 3 - Scale Neighbours: 
                  a) Determining Neighbours     and   
                  b) Training
Step 4 - Mapping : Determining the Quality of SOMs

Fig. 3.  Cell arrangement for map

Fig. 4.  Examples of topological neighbourhood Nc(t), where 
t1<t2<t3
The self-organizing map, or SOM, introduced by Teuvo Kohonen 
is an unsupervised learning process which learns the distribution 
of a set of patterns without any class information. A pattern 
is projected from an input space to a position in the map– 
information is coded as the location of an activated node. The 
SOM is unlike most classification or clustering techniques in 
that it provides a topological ordering of the classes. Similarity 
in input patterns is preserved in the output of the process. The 
topological preservation of the SOM process makes it especially 
useful in the classification of data which includes a large number 
of classes. In the local image sample classification, for example, 
there may be a very large number of classes in which the 
transition from one class to the next is practically continuous 
(making it difficult to define hard class boundaries). 
The SOM is a topographic organization in which nearby 
locations in the map represent inputs with similar properties. 
There are two ways to interpret a SOM. Because in the training 
phase weights of the whole neighbourhood are moved in the 
same direction, similar items tend to excite adjacent neurons. 
Therefore, SOM forms a semantic map where similar samples 
are mapped close together and dissimilar apart. This may be 
visualized by a U-Matrix (Euclidean distance between weight 
vectors of neighbouring cells) of the SOM. The other way is to 
think of neuronal weights as pointers to the input space. They 
form a discrete approximation of the distribution of training 
samples. More neurons point to regions with high training 
sample concentration and fewer where the samples are scarce. 
SOM may be considered a nonlinear generalization of Principal 
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components analysis (PCA) [6] using both artificial and real 
geophysical data, that SOM [4] has many advantages over the 
conventional feature extraction methods such as PCA. 
A facial recognition system is a computer application for 
automatically identifying or verifying a person from a digital 
image or a video frame from a video source. One of the ways to 
do this is by comparing selected facial features from the image 
and a facial database. It is typically used in security systems 
and can be compared to other biometrics such as fingerprint 
or eye iris recognition systems.   

V. Face Recognition Neural Network Approach
Faces represent complex, multidimensional, meaningful 
visual stimuli and developing a computational model for face 
recognition is difficult. The self-organizing map provides a 
quantization of the image samples into a topological space 
where inputs that are nearby in the original space are also 
nearby in the output space, thereby providing dimensionality 
reduction and invariance to minor changes in the image sample, 
and the Convolutional neural network [3] provides for partial 
invariance to translation, rotation, scale, and deformation. 
The self-organizing map provides a quantization of the image 
samples into a topological space where inputs that are nearby 
in the original space are also nearby in the output space, which 
results in invariance to minor changes in the image samples.

Fig. 5.  A depiction of the local image sampling process. A 
window is stepped over the image and a vector is created at 
each location

VI. Applications
The advantage of face recognition is that it is a non-intrusive 
technique that can be effective without participant’s 
cooperation or knowledge; this makes it especially suitable 
for surveillance purposes. Systems, for example ATR(automatic 
target recognition), Human traffic census security & Criminal 
identification uses face recognition techniques.

VII. Dataset
Publicly available AT&T database [5] is used for recognition 
experiments. In the database, 10 different images of each of 
40 persons (total 400 images) with variations in face angles, 
facial expressions and facial details are considered. Fig.  5, 
shows some of the examples of faces in the face database. 

Fig.  5. Examples of faces in the Face database

VIII. Conclusions
SOM is sheet-like artificial neural network, the cells of which 
become specially tuned to various input signal patterns or 
classes through an unsupervised learning process. Each cell 
or local cell group acts like separate decoder for the same 
input it is thus the presence or absence of an active response 
at the location and not much the exact input-output signal 
transformation or magnitude of the response, that provides an 
interpretation of the input information. SOM reduce dimensions 
and display similarities. Self-Organizing Maps are topologically 
ordered, which leads to good extracting feature ability.
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