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Abstract. The possibilities of artificial neural networks as a basis for creating artificial 

intelligence systems are considered. The main advantage of artificial neural networks is their ability 

to learn, generalize, and identify hidden dependencies in the source data. The peculiarities, 

classification, and methods of training artificial neural networks and the tasks successfully solved 

using these networks are presented. The stages of solving various problems using artificial neural 

networks are considered. The features of fuzzy neural networks, deep neural networks, and 

convolutional neural networks are considered in detail. 

The following examples of intelligent systems developed on the basis of artificial neural 

networks are considered: a system for approximating functions from noisy data, a system for classifying 

large amounts of data, an automatic control system, a cryptographic system, and an image recognition 

system. 

Computer models of these systems have been developed, implemented as computer programs. 

The results of the work of the considered intelligent systems are presented in a visual graphical form. 
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Introduction 

 

The use of artificial neural networks (ANN) is the most effective approach to creating 

artificial intelligence systems. The main advantage of ANNs is their ability to learn, generalize and 

identify hidden dependencies between inaccurate, incomplete, or partially distorted (noisy) data [1–5]. 

As an ANN, we can imagine a system consisting of simple processors representing artificial 

neurons exchanging data. 

The ANN scheme with training and error calculation blocks is shown in fig. 1. 
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Fig. 1. Neural network with learning and error calculation blocks 

 

The reverse error propagation method is often used to train the ANN. This method involves 

the use of a learning process in which the error value calculated for a certain neuron is propagated 

back to all the neurons whose output signals were incoming for this neuron. 

Let us formulate the problem statement, the results of which are presented in this article.  

It is necessary to consider the capabilities of ANN, which make it possible to develop artificial 

intelligent systems (AIS) capable of solving complex tasks, including the tasks of approximating 

functions from noisy data, classifying large amounts of data, automatic control, cryptography and 

image recognition. 

The topic of the article is relevant, as the creation of intelligent systems is an urgent area. 

The scientific novelty of the research lies in the creation of computer models of intelligent systems 

based on ANN, implemented in the form of computer programs. 

 

Fuzzy neural networks 
 

Fuzzy neural networks are systems based on fuzzy logic. The fuzzy ANN diagram is shown 

in fig. 2. 

 

 
 

Fig. 2. Neuro-fuzzy system 

 

In this neuro-fuzzy system, a multilevel neural network triggers the interface mechanism  

of fuzzy logic. A fuzzy neural network is a network with a fuzzy transfer function of the first layer 

of the network. 
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Deep neural networks 
 

A deep neural network allows you to model complex nonlinear relationships due to the fact 

that they create various compositional models in the process. In each composite model, the object  

is modeled as a hierarchical multilevel system consisting of primitives. 

Modern methods of deep learning of neural networks consist in finding the minimum  

of a certain continuous error function. Reinforced learning involves stimulating actions that lead  

to successful results. Deep reinforcement learning uses Markov decision-making processes, which 

is supported by a probabilistic approach based on Bayes' hypothesis theorem. 

 

Сonvolutional neural networks 
 

In a convolutional neural network (CNN), a convolution operation is performed 

in the convolutional layers of the network, and the network is trained using the error backpropagation 

method. 

CNN is used to create systems used for image recognition. In such systems, the filtering 

coefficient and the proportion of active image pixels taken into account in the recognition process are 

determined during image recognition. This allows adaptive adjustment of neural network parameters. 

 

Intelligent systems based on neural networks 
 

Approximation of functions based on noisy data 
 

In order to approximate the functions, INN training uses functions of the form: 
 

Y = Cos
3
(X); Y = Sin(X); Y = Sin(X)*Cos(X). 

 

In each training cycle, an array of 20*20 values (400 values in total) was processed, 

and in 20 training cycles 400*20 = 8000 values were processed. The results of the approximation 

of the function Y = Sin(X) are shown in fig. 3, 4. 

 

 
 

Fig. 3. Noisy dependence Y=Sin(X) 
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Fig. 4. Reconstituted dependence after 20 cycles of training 
 

To conduct computational experiments on the approximation of functions, a computer 
model was created, and implemented later as a computer program [6]. 

 

Classification of large amounts of data 
 

Let's consider the possibilities of self-learning neural networks for classifying large amounts 
of data. From 144 to 576 graphic objects were used as data, which were classified according 
to various criteria, the number of which varied from 8 to 24. An example of the classification 
of 144 graphic objects according to eight criteria for the case of a square configuration of cluster 
regions is shown in fig. 5. 

 

  
а) b) 

 

Fig. 5. а – initial data; b – classification into clusters 
 

An example of the classification of 576 objects according to 24 criteria is shown in fig. 6. 
 

  
а) b) 

 

Fig. 6. а – initial data; b – classification into clusters 
 

To conduct computational experiments on the classification of large amounts of data,  
a computer model was created, and implemented later as a computer program [7]. 
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Automatic control system 
 

Consider a cooling system with an automatic control system (ACS). Such a system includes 

a fuzzy neural network that allows adaptive control of the cooling system. Figure 7 shows 

the results of neuro-fuzzy control. 

 

 
 

Fig. 7. A transitional process for adaptive neuro-fuzzy control 

 

To conduct computational experiments with the adaptive neuro-fuzzy control system, 

a computer model was created, and implemented later as a computer program [8]. 

 

Cryptographic system 

 

Let us consider a cryptographic system consisting of an artificial unidirectional neural 

network without feedback loops. The process of encrypting information in such a system  

is characterized by the fact that the dependence of the number of iterations on the size 

of the encryption key (bits), which represents the coefficients of the network, is shown in fig. 8. 

 

 
 

Fig. 8. Dependence of the number of iterations on the key size 

 

To conduct computational experiments on data encryption, a computer model was created, 

and implemented later as a computer program [9]. 
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Image Recognition system 
 

Let us consider the possibilities of an ANN implementing an image recognition system.  

In the computer model of the image recognition system, the neural network parameters are adjusted 

adaptively, for which the filtering coefficient and the proportion of active image pixels taken into 

account in the recognition process, as they are determined during image recognition. Figure 9 shows 

the original image, the result of filtering, and the brightness diagram of the pixels in the image. 

 

   
a) b) c) 

 

Fig. 9. а – initial image; b – filtered result; 

c – image pixel brightness chart 
 

To conduct computational experiments with an image recognition system based on an ANN, 

a computer model was created, and implemented later as a computer program [10]. 

 

Conclusion 
 

The ANN can serve as a basis for the creation of an AIS. 

The ability to identify hidden dependencies in the source data, generalize, and learn 

is the main advantage of an ANN. 

A system for approximating functions based on noisy data, a system for classifying large 

amounts of data, an automatic control system, a cryptographic system, and an image recognition 

system are considered as examples of intelligent systems developed on the basis of ANN. 

These systems are implemented as computer programs. The results of the work 

of the considered intelligent systems are presented in a visual graphical form. 

 

List of sources 

1. Maksimov V.I., Kachaev S.V. Cognitive technologies for management decision support. 

М.: Proceedings of the IPU, 2018. Vol. 1. 

2. Dimitrichenko D.P., Zhidkov R.A. The use of neural networks to solve data processing 

problems in the construction of cognitive maps // News of the Kabardino-Balkarian scientific center 

of the russian academy of sciences. 2017. № 6. 

3. Anderson C.H. The self-organizing map // Neural Computation. 2012. Vol. 5. 

4. Barron A.R. Neural net approximation // IEEE Transaction on Information Theory. 2013. 

Vol. 49. 

5. Vapnik V.N. A fuzzy neural network model // IEEE Transactions on Neural Networks. 

2017. Vol. 3. № 5. 

6. Labinsky A.Yu. Approximation of functions of many variables by a fuzzy neural network // 

Natural and man-made risks (physico-mathematical and applied aspects). 2017. № 2. P. 6–14. 

7. Labinsky A.Yu. Usage of neural networks for solving classification problems // Natural and 

man-made risks (physico-mathematical and applied aspects). 2017. № 4. P. 25–32. 

8. Labinsky A.Yu. The use of fuzzy logic and neural networks in automatic control systems // 

Scientific and analytical journal «Vestnik Saint-Petersburg university of State fire service 

of EMERCOM of Russia». 2019. № 1. P. 11–17. 



Dialogues with specialists 

79 

9. Labinsky A.Yu. Neural networks and information security // Problems of risk management 

in the technosphere. 2019. № 1. P. 16–24. 

10. Labinsky A.Yu. Features of using a neural network for image recognition // Problems 

of risk management in the technosphere. 2016. № 3. P. 21–27. 

 
 
Information about the article: submitted for editing: 26.10.2024; accepted for publishing: 19.11.2024 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Infromation about authors: 

Labinsky Alexander Yu., associate professor of the applied mathematics and information technology chair 

of Saint-Petersburg university of State fire service of EMERCOM of Russia (196105, Saint-Petersburg, 

Moskovskiy ave., 149), Phd in technical sciences, associate professor, e-mail: labynsciy@yandex.ru, 

https://orcid.org/0000-0001-2735-4189, SPIN: 8338-4230 

Pantyukhin Oleg I., associate professor of communication networks and data transmission department 

of The Bonch-Bruevich Saint-Petersburg state university of telecommunications (193232,  

Saint-Petersburg, Bolshevikov ave., 22, b. 1), Phd in technical sciences, associate professor,  

e-mail: pantuhin.oi@sut.ru 

mailto:pantuhin.oi@sut.ru

