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Abstract: This paper is devoted to the study of neural networks. The structure 

and technical features of this technology are considered. A brief review of the possible 

use of neural networks in various fields, including in the field of automation and 

technical control, is made. A control circuit based on the auto-tuning of the PID 

controller coefficients is presented.  
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ИСПОЛЬЗОВАНИЕ ИСКУСТВЕННЫХ НЕЙРОННЫХ СЕТЕЙ ДЛЯ 

АВТОМАТИЗАЦИИ И УПРАВЛЕНИЯ ПРОЦЕССАМИ 

 

Аннотация: Статья посвящена изучению нейронных сетей. В статье 

описаны структура и технические особенности данной технологии. Автор дает 

краткий обзор возможного использования нейронных сетей в различных 

областях, в том числе в области автоматизации и технического контроля. 
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Представлена схема управления на основе автонастройки коэффициентов 

ПИД-регулятора. 

Ключевые слова: искусственные нейронные сети, автоматизация, ПИД-

регулятор, адаптивное управление. 

Introduction. The concept of «artificial neural networks» appeared a long time 

ago: in 1943, during a study of processes occurring in the brain, scientists Warren 

McCulloch and Walter Pitts first proposed a mathematical model of an artificial 

neuron. However, their concept was not widespread, because in those days there were 

no software and hardware capabilities for the development of artificial neural networks. 

Today, in the age of information technology, such opportunities exist. It is enough to 

have a modern personal computer to create your own neural network, to set the 

algorithm for its training. After the development of training algorithms, the obtained 

models began to be used for practical purposes.  

Artificial neural networks are a system of connected and interacting simple 

processors – artificial neurons. Such processors are usually quite simple (especially 

compared to the processors used in personal computers). Each processor of such a 

network operates only with signals received periodically and signals that it periodically 

sends to other processors. Despite its simplicity, being connected to a sufficiently large 

network with controlled interaction, such processors together can solve rather complex 

problems. 

Structure and areas of use. Neural networks are not programmed in the usual 

sense of the word, they are trained. Learning ability is one of the main advantages of 

neural networks over traditional algorithms. This advantage eliminates possible 

programming errors and estimates of the managed object. Technically, training consists 

in finding the coefficients of connections between neurons. In the learning process, a 

neural network is able to identify complex relationships between input data and output 

signals, as well as perform generalization. This means that with successful training, the 

network will be able to return the correct result based on data that were not in the 

training sample, as well as incomplete and noisy, partially distorted data. 
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Due to this property, neural networks can solve a wide range of data processing 

and analysis tasks - pattern recognition and classification, forecasting, control, etc. The 

competitors of the neural networks are the classical methods of statistical forecasting, 

recognition, classification, methods of identification of systems and automatic control. 

However, the main advantages of neural networks in comparison with classical 

methods are flexibility and the absence of the need to reformulate or set the problem 

in some other way. Here is a list of individual areas where solving such problems is of 

practical importance now: 

• Internet: associative information search, electronic secretaries and offline 

agents on the Internet, spam filtering and blocking, automatic rubrication of messages 

from news feeds, targeted advertising. 

• Automation of production: optimization of the production process, quality 

control of products, monitoring and visualization of multidimensional dispatch 

information, prevention of emergency situations. 

• Robotics: recognition of the scene, objects and obstacles in front of the 

robot, laying the route of movement, control of manipulators, maintaining balance. 

• Security: face recognition, fingerprint, voice, signature, or face 

identification; recognition of car numbers, monitoring of information flows in a 

computer network and intrusion detection, fake detection, data analysis from video 

sensors and various sensors, analysis of aerospace images. 

• Medicine and health care: diagnosis of a patient, processing of medical 

images, cleaning of instrument readings from noise, monitoring of the patient’s 

condition, predicting the results of various treatment methods, analysis of the 

effectiveness of the treatment. 

Automation and controlling. Neural networks are successfully used for the 

synthesis of control systems of dynamic objects. They have a number of unique 

properties that make them a powerful tool for creating control systems: the ability to 

learn by example and generalize data, the ability to adapt to changing the properties of 

the control object and the environment, the suitability for the synthesis of nonlinear 
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controllers, and high resistance to damage to their elements due to originally embedded 

in the neural network architecture of parallelism. 

Currently, despite the large number of available control methods and laws, the 

vast majority of process control loops are based on PID controllers. This control law is 

simple enough to understand and implement, and also reliable in operation. However, 

with such advantages, it remains linear, while most real control objects have non-linear 

characteristics. In fact, for each state of control objects it is necessary to select their 

own values of the coefficient of the controller. However, in production, usually only 

one set of such coefficients is used for all modes, and reconfiguration is not performed 

due to the complexity of this process. In this regard, the use of PID controllers for 

objects that are largely non-linear is associated with certain difficulties. To solve this 

problem, it is necessary to build an adaptive process control system using ANN. 

A typical example of using a neural network to configure a controller is a control 

circuit based on auto-tuning of the PID controller coefficients. 

 
Fig. 1. Control circuit based on auto-tuning of the PID controller coefficients 

This scheme allows for nonlinear properties object, without making significant 

changes to the existing control scheme. It is only necessary to connect the neural 

network to the existing control system, which significantly reduces the cost of 

implementing such an intellectual add-on. 

For example, in [1], the application of this circuit to control an electric heating 

furnace operating in different modes was considered. In this paper, methods of using 

neural network optimizer of  PID controller parameters with a base of rules that 

describe the situations of using this add-in were combined. The results allow us to 

conclude that the use of this neural network add-in allowed to reduce overshoot and 
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the time required to complete the schedule of tasks, as well as significantly reduce 

energy consumption. 

Conclusion. Given the rapid development of science, we can confidently say 

that in the coming years, neural networks and neural network regulators in particular 

will be able to reveal all their advantages and will be widely used in various fields. 

This is especially true in the areas of automation and technical control, where classical 

concepts will be replaced by technologies based on neural networks that can learn and 

adapt to changing conditions, while showing the best result.  
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