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1. Introduction  
 

    Nowadays more widespread biometric person 
identification. These systems are based on the unique 
biological characteristics of a person that uniquely 
define the personality and are difficult to forge. The 
main biometric characteristics include fingerprints, 
hand shape, the pattern of the iris, the image of the 
retina. Recognition of human face image is most 
common in biometric systems, which is associated 
with the following factors [1]: 
 
• No special or expensive equipment (for most 
applications, a PC and an ordinary video camera); 
• Does not need physical contact with any input 
devices.  
 
     The disadvantages of this method include the fact 
that in itself is a biometric system does not provide 
the reliability of identification. If you need high 
reliability, it is necessary to apply the system using a 
variety of biometrics (the so-called multimodal 
system). 
     At the moment, the problem of recognition of 
human faces in the image has been widely discussed, 
but overall, it is still far from being resolved. The 
main difficulty is to recognize human faces in the 
image, regardless of changes in the angle and 
lighting conditions when shooting, as well as with 
various changes associated with age, hair, etc. [1,2] 
One promising area of constructing similar biometric 
systems is the use of neural network methods of 
recognition of facial images. A neural network (NN) 
consists of elements called formal neurons, which 
themselves are very simple and are connected to 
other neurons. Each neuron transforms the set of 
signals that it receives the input to the output signal. 
That connection between neurons encoded weights, 
play a key role. One major advantage is the ability of 

the National Assembly of the parallel operation of 
the network elements, thereby significantly increases 
the efficiency of the solution. Education NA 
eliminates the need to choose the key features, their 
relevance and the relationship between them. The 
choice of the initial representation of input data 
affects the quality. Consider the application of the 
National Assembly for recognition of different types 
of the human person in the image of the face. 
 
 
2. Multilayer neural networks 
  
     Multi-layer neural network (MNN) consists of 
series-connected layers, where each layer neuron its 
inputs connected to all the neurons of the previous 
layer, and outputs - the next (Figure 1). Transfer 
functions for these types of neurons are linear, 
threshold and sigmoid functions [3]. 

 
Figure. 1. Multilayer neural network architecture and its 
application for image recognition. Neuron with the 
maximum activity (here first) points belonging to a 
recognized class. 
 
      NA with one casting layer capable of forming a 
linear separating surfaces, which greatly narrows the 
range of problems they can solve, in particular, the 
network will not be able to solve the problem of the 
"exclusive or". Speaker with the nonlinear activation 
function and two decisive layers allows you to create 
any convex region in the solution space, but three 
crucial layers - of any complexity, including 
nonconvex. In this case, the MNN does not lose its 
generalization capability. Also using a two-layer NA 
possible with any precision approximate any multi-
dimensional function in the interval [0, 1]. MNN 
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trained with back propagation algorithm is a kind of 
gradient descent in the space of weights in order to 
minimize the total network error:  
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where tj - reference value of the network output. In 
this case, the adjusted (based on the minimization of 
the error) values of weights applies in the opposite 
direction from inputs to outputs, through the weight 
connecting the neurons. Backpropagation is NP-hard, 
so the training network increases exponentially with 
the dimension of the data. 
 
       For the standard output values are known, it is a 
supervised learning. But when applied to the 
extraction of the key features when recirculating 
network is trained to reconstruct applied to the input 
image, and the hidden neurons formed by its succinct 
representation, it can be called a self-learning. 
MNN prior to training initialized with random 
weights. Therefore two different NN training that 
have the same error rate, often are quite different 
dividing surfaces, can not be reduced to each other. 
Based on this method groups (groups) of neural 
networks that are often used in the recognition of 
human face images. Its essence lies in the fact that 
there is a set (group) networks trained to solve the 
same problem, but in different ways (different 
initialization of weights, the architecture, the order of 
the examples in the training, etc.). A generalized 
solution of the group, usually more accurate (and 
safer) than the only solution of the neural network. 
 
 
3. High-order neural networks 
 
      High-order neural networks (HONN) differ from 
MNN that they have only one layer, but the inputs of 
neurons do the same high-order terms, which are the 
product of two or more components of the input 
vector, such as networks of second order [4]: 
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      Such networks can also form complex separating 
surfaces. Separating surface of the second order is 
called hyperquadric. Adding the components of the 
input vector in the works, which share class of 
polynomial surfaces. Such networks also can be 
trained by back-propagation. MNN generally 
effective, but there are some applications in which 
high-order network is better than the MNN. 

       A feature of such networks lies in the fact that 
for a certain class of learning enough to show his 
image without variations, scale and rotate - after 
learning network will recognize the known classes is 
invariant to scale and rotate the image. Such a 
network is not a full mesh, quick to learn and work. 
A significant improvement of the classification 
accuracy of such a network rotated and scaled images 
in comparison with the MNN [5,6]. 
 
 

4. Radial basis neural network 
 

      Radial basis neural network (RBNS) consist of 
two layers (Figure 2). The first layer has a radial-
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where σ - the standard deviation characterizing the 
width of the function (cluster size), S is defined as 
the distance between the input and the weight vector: 
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is essentially the distance to the center of the cluster 
is determined by specific neurons [7]. A hidden layer 
is a set of clusters in space and implement the first 
phase of clustering input pattern - the value of the 
activation function of each neuron decreases rapidly 
with distance from the cluster center.  

      The second layer neuron has a linear activation 
function, and a second step of clustering - distributes 
clusters of classes. 

 

Figure 2. The structure of radial basis neural networks 
 

      RBNS also able to construct complex and 
approximate share of multivariate functions. 
Compared with the multilayer neural network, radial-
basis network is trained much faster, but has a much 
worse extrapolated power, ie can not work on images 
that lie far away from the image-examples. 
Dimensions RBSN more than MNN for similar 
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problems, and RBNS become ineffective with the 
dimension of the input data [1,7]. 
      Such  network trained in two stages. The first 
stage is carried out without a teacher, it selects the 
first layer of a compact arrangement of the clusters. 
Thus adjusted the cluster center. In the second phase 
of training, the second layer learns to distribute the 
input images, passed through the first layer, the 
classes. Information relating to the reference values 
of the outputs is known, the training run, or matrix 
methods or back propagation algorithm. Described 
below types of neural networks allow to take into 
account the topology of the image. The principles of 
these networks is based on dividing the image into 
small areas and the hierarchical relation as their 
relative location, and content. These networks are the 
most promising for image recognition. 
 
5. Kognitron 
 
      The operation principle of kognitron (Figure 3) is 
based on the anatomy and physiology of the brain 
and its architecture is similar to the structure of the 
visual cortex [4]. Each layer of the brain implements 
various levels of generalization - the input layer is 
sensitive to simple images, such as lines and their 
orientation in certain areas of the visual field, while 
the reaction of the other layers is more complex, 
abstract and independent of the position of the image. 
Similar functions are implemented in kognitron by 
modeling the organization of the visual cortex. 

 

Figure 3. Kognitron’s structure 

         Kognitron’s main architectural differences lie 
in the fact that each neuron is connected only to a 
small local area of the previous layer, and the areas 
of overlap with each other. Layers in kognitron 
usually greater than in other types of networks. Thus 
achieving a hierarchical organization where the 
higher layers kognitron responds to more abstract 
images, less responsive to their displacement and 
distortion. Trains kognitron competitive learning 
(unsupervised). 

6. Neocognitron 
 
      In the visual cortex were found nodes that 
respond to elements such as lines and angles of a 
specific orientation. At higher levels, units respond to 
more complex and abstract patterns such as circles, 
triangles and rectangles. At even higher levels, the 
degree of abstraction increases as long until you find 
the nodes that respond to faces and complex shapes. 
In general, the nodes at higher levels receive input 
from a group of low-level nodes and, therefore, to 
respond to a wider area of the visual field. Reaction 
units higher than depend on the position and are 
more resistant to distortion. 
       Neocognitron is a further development of the 
idea kognitrona and more accurately reflects the 
structure of the visual system can recognize the 
images, regardless of their transformations: offset, 
rotation, zoom, and distortion [4]. Neocognitron can 
both educate themselves, and to learn from the 
teacher. Neocognitron takes as input two-
dimensional image, similar images on the retina, and 
processes them in subsequent layers is similar to that 
found in the visual cortex of man. 
      The main difference between the Neocognitron 
kognitrona - two-dimensional organization of local 
areas and flat hierarchical structure (Figure 4). 

 

Figure 4. Neokognitron’s structure 
 
 
      Each layer consists of planes of simple and 
complex cells. Each neuron is a simple plane relative 
to the local portion of the two-dimensional planes of 
the previous layer, the weights of all the neurons in a 
single plane of the same, and thus the plane reacts to 
a certain image that is in the image (the example in 
the figure - the plane respond to the letter "C" rotated 
at different angles). The position of the activated 
neuron in such a simple plane marks the site where 
the image was found, regardless of the distortion of 
the image. Neuron complex plane associated with the 
site of its simple plane, and finds the activity of 
neurons in this area, thus reducing the sensitivity of 
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the position of the image. Thus achieving a 
hierarchical image processing, when the subsequent 
layers neocognitron responds to more general 
features of the image without losing the distortion, 
shift etc. 
       Classic neocognitron is a powerful image 
recognition, but requires high computational cost, 
which is unattainable today [4,8]. 
        However, there are a lot of work to improve the 
neocognitron [9]. One of the most promising 
approaches for the recognition of human faces in the 
image - this is a convolutional neural network. 
 
7. Convolutional Neural Networks 
 
     In classical multilayer neural network interlayer 
neural connections are fully connected and the image 
presented in the form of n-dimensional vector, is not 
taken into account either the two-dimensional local 
organization of pixels or possibility of deformation. 
Architecture of convolutional neural network (CNN) 
(Figure 5) aims to overcome these problems and is 
based on principles Neocognitron architecture, 
simplified and augmented learning back propagation 
algorithm [8]. 

 

Figure 5. Convolutional neural network architecture 
 
      It used local receptive field (providing local two-
dimensional connectivity of neurons), total weight 
(ensure detection of certain features anywhere in the 
image) and the hierarchical organization of spatial 
subsample. 
      CNN provides partial resistance to change scale, 
offset, rotation, change the angle, and other 
distortions. 
      CNN architecture consists of many layers. The 
layers are of two types: Convolutional and 
Subsampling, convolution and subsampling layers 
alternate with each other. Each layer has a set of 
several planes, with one plane neurons have the same 
weight, leading to all local areas of the previous layer 
(as in the visual cortex of man), the image of the 
previous layer as it is scanned a small window and 
passed through a set of weights, and the result is 
displayed on corresponding neuron of the current 
layer. Thus, the set of planes is the card features 
(feature maps) and each plane is "their" parts of the 
image in any place of the previous layer for the next 
layer convolutional Subsampling layer reduces the 
scale of the planes by local averaging the outputs of 

neurons. In this way, a hierarchical organization. 
Overlays extract more common characteristics, less 
dependent on image distortion [8]. 
Trains CNN standard Backpropagation. Comparison 
of MNN and CNN showed significant advantage of 
the last both the speed and the reliability of 
classification. A useful feature of the SNA is the fact 
that the characteristics that are generated at the 
outputs of the upper layers of the hierarchy can be 
applied for the classification of the nearest neighbor 
method (for example, calculating the Euclidean 
distance), and CNN can successfully retrieve such 
data and images that are not in the training set. For 
CNN characterized by a high rate of learning and 
working. 
 
8. Disadvantages of neural network pattern 

recognition methods 
 
The considered neural network methods provide 
rapid and reliable detection of images. However, 
applying these methods to the images of three-
dimensional objects were difficulties with spatial 
rotations and lighting conditions change. Images for 
different angles of rotation of the object vary widely, 
with some of the information in the image is lost and 
there is new information that is specific to a given 
angle. For example, a person who rotated through a 
certain angle, in terms of classifying the system more 
similar to another person's face, turned to the same 
angle than on the face of the same man, shown from 
the front (Figure 6). 

   

a б в 

Figure 6. From the point of view of (в) is more similar to 
(б) than (a) 

 
A similar problem occurs when the brightness of 
light changes (Figure 7). 

 

Figure 7. Images of the same person varies significantly 
lighting conditions change. 

 
       Such limitation is usually overcome by bringing 
all sorts of variations of the image (various turns and 
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light) in the training, but the construction of the 
training set - a difficult task, and often these kits are 
not available. As international experience shows, 
these problems can not be solved completely the 
choice of data source. Therefore, classifying systems 
are required - based on the existing final 
representative set of images of certain classes of 
variations, summarize the existing experience at all 
the other classes, are not included in the training set. 
So. system must extract features that are invariant to 
changes in the intra-and the most representative in 
relation to the cross-class changes. Such a problem in 
general for face recognition systems have not yet 
been solved, but there are methods to ensure the 
solution of some of its aspects (invariance to lighting, 
synthesis rotated in the space of face images based 
on the study). 
        In addition, there are difficulties associated with 
the intraclass variations. For face images are different 
emotions, closed / open eyes, the presence of glasses 
and beards, changes in hairstyle. Such cases, the 
system must also be able to generalize. 
     In general, with the recognition of a person uses 
information from various sources and also attracts a 
wealth of contextual knowledge that pattern 
recognition system is not yet available. 
 
9. Conclusion 
   
     The main advantage of neural networks is the 
ability to solve various problems formalized. It is 
possible simply to simulate different situations, 
giving the input of a variety of data networks and 
evaluating the result issued by the network. 
 
      In the application of neural networks is marked 
by a significant drawback: the difficulty of 
understanding the process of obtaining a network 
effect. The first step to resolve this problem is to 
develop a new technology that allows you to generate 
a description of the process of solving the problem of 
neural network. Using a table of experimental data 
describing the subject matter, it will be possible to 
get a formal algorithm for solving the problem. This 
calls for further experiments on the learning 
algorithms, the choice of the initial presentation and 
adaptation algorithm of the National Assembly with 
the image properties. 
 
 
 
 
 
 
 
 

References 
 
[1] W Pankanti, RM Bolle, Jane E. Biometrics: The 

Future of the identification / / Open Systems, № 
03, 2000. http://www.osp.ru/os/2000/03/ 

 

[2] Foltyniewicz R. Efficient High Order Neural 
Network for Rotation, Translation and Distance 
Invariant Recognition of Gray Scale Images. 
Lecture Notes in Computer Science - Computer 
Analysis of Images and Patterns, 1995, pp. 424-
431. 

 

[3] Golovko V.A. Neyrointellekt: Theory and 
application. Book 1. Organization and training 
of neural networks with forward and backward 
linkages - Brest: BPI, 1999. 

 

[4] Daughman J. Face and Gesture Recognition: 
Overview. IEEE Transactions on Pattern 
Analysis and Machine Intelligence 1997, Vol. 
19, pp. 675-676. 

 

[5]  Galushkin AI, Tomasevic, D., S., Tomasevic, N. 
Methods of implementation invariant to affine 
transformations of two-dimensional images / / 
Annex to the magazine "Information 
Technology", 2001, № 1, pp. 1-19. 

 

[6] Giacinto G., Roli F. Automatic Design of 
Multiple Classifier Systems by Unsupervised 
Learning. Lecture Notes in Artificial 
Intelligence - Machine Learning and Data 
Mining in Pattern Recognition, 1999, pp. 131-
143. 

 

[7] Golovko V.A. Neyrointellekt: Theory and 
application. Book 2. Self-organization, fault 
tolerance, and application of neural networks - 
Brest: BPI, 1999. 

 

[8]  Lawrence S., Giles C. L., Tsoi A. C., Back A. D. 
Face Recognition: A Convolutional Neural 
Network Approach / / IEEE Transactions on 
Neural Networks, Special Issue on Neural 
Networks and Pattern Recognition, 1997. pp. 1-
24. 

 

[9]  Ranganath S. and Arun K. Face recognition 
using transform features and neural networks / / 
Pattern Recognition 1997. Vol. 30. pp. 1615-
1622. 

 
Corresponding author: Tropchenko Andrey 
Institution: Saint-Petersburg State University of 

Information Technologies, Mechanics 
and Optics, S-Petersburg, Russia 

E-mail: zayka_98rus@mail.ru 

 

http://www.osp.ru/os/2000/03/

