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E-mail: tisamiddin54@gmail.com, Phone: +998-90-359-52-68; 2verona781r@gmail.com, Phone: +998-97-722-32-15.

Abstract: The research results on the creation of a self-adapting control system for a nonlinear dynamic object
based on the theory of intelligent control using interactive adaptation methods have been presented. The lack of an accurate
description and the nonlinearity of the dynamic properties of the object under study, the presence of mutual influence of cross
communication channels in the control circuits, as well as the influence of various types of uncertainties associated with the
lack of a priori information about the process, significantly complicate the solution of the problem of synthesis of highly
efficient control systems for dynamic objects, which necessitates the hybrid application of neural network methods and fuzzy
technology involving methods of traditional automatic control theory. In order to solve these problems, it is proposed to use
self-adapting neural network regulators capable of selecting the structure and adjusting the parameters of the regulators
taking into account changes in both the properties of the object under study and external disturbing influences. The
architecture of the proposed neural network has been presented in the form of a multilayer neural network. Training and
correction of the parameters of the weight connections of the neural network have been implemented by the method of
interactive adaptation, carried out implicitly. Self-adaptation of neuroregulator parameters was provided taking into account
the rate of change of technological parameters of the control object. An adaptive fuzzy algorithm for the synthesis of self-
adaptation of a control system for technological objects based on a dynamic model with robust properties has been
developed.

Keywords: adaptation, dynamic object, learning, neural-network, neural-network regulation, neurocontroller,
weight coefficient.

Annomauusn:. Hnmepghaon aoanmayus ycyauoan @ouoananzan Xoa0d UHMEIeKmyal OOwKapuui HA3apusicu
YCyanapu acocuda HOYU3UKIU OUHAMUK OOBLEKMIApHU OOWKApUuWl MUuUMUuHY Apamuul Oyuuia maokuKkom HAmudlcaiapu
kenmupunean. Taokuk smunaémean 06veKMHUHE OUHAMUK XOCCANAPUHU UDOOANAHUMUNHY AHUKMACTUSU 84 HOYUBUKIUSU,
AnOKA KAHALAPUHUHE J3APO KECULMUUWUHUHS MABXCYONUSU, XaMOa HCapaén myspucudasu anpuop MavbLyMOMIAPHUHS
HOaHuKaueu Ounan 6o2nux Oyiean Mypiu OMUILAD OUHAMUK O0ObEeKMIAPHU I0KOpU cughamau OowKapuul musumiapuHu
CUHme3Nau MACANACUHU eYUWHY Mypakkabiauwmupaou. By macananu evuwd yyyn aHbaHAGUI asmomamux Oowxapuu
HA3apusicu Xamoa HeupoH mapMmox 6a HOPAGUIAH MEXHOIOLUANAD YCYINAPUHU OUP2ATUKOA KYLiau Makiug smuiean. Yuoy
MAcanany eduus Y4yH maokukom o0beKkmu XOoCcaniapu 6d MAawiku Xaiakum mabCUupiapuiu V32apuuiunu xucobea onuul
acocuda pocmuasuynap CmpyKmypacuHy maniaul 64 NapamempiapuHi CO3NAUHU aMaiea OWupuuL UMKOHUHU 6epysyu y3u
MOCIAWLY84AH HEUPOH MAPMOKIU POCMIASUYAGPHU KYLiau maxkiug) smunean. Hetipon mapmozunune apxumexmypacu Kyn
Kamaamau HetipoH mapmodu waxnuoa ugooanranean. bynoa ueiipon mapmosunune 8asn Kosgduyuenmiapunu yKumuus 8a
napamempapuea My3amuuiiap Kupumuul Y4yH umumepgaon aoanmayusiawi ycyau Kyaiauunean. Hevpopocmnazuuy
napamemprapuny y3u Mociauumu GowKapuuL 06beKmu MmexHoa02uK NapamMempilapuny y32apuwl mesiueutu Xucobea onui
opkanu mavmumianean. Pobacm xoccanu OuHamux MoOeunap acocudd mexHoI02UK OObeKMiapHu Y3u MOCIAULYEYaH
bowKapuw MU3UMUHU A0ANMUE HOKAMBULL CUHME3NAUL ANOPUMMU ULA0 YUKUTI2AH.

Taanu cyznap: adanmayus, OUHAMUK 00bEKM, VKUMUWL, HEUPOH MAPMOKIU POCMIAW, HEUPOKOHMPOILED, 6A3H
K03 puyuenmu.

Annomauyusn: [Ipusedenvi pe3yiomamol UCCIE008AHULL NO COZOAHUIO CAMOAOANRMUPYIOWECSL CUCIEMbL YIPABTIEHUS.
HeAUHelnbIM OUHAMUYECKUM 00BbEKMOM Ha OCHO8e Meopuy UHMENIEKMYalbHO20 YNPAGIeHUs ¢ UCHONb308AHUEM MEMOO08
unmepakmugnou aoanmayuy. Omcymemeue mouHo20 ONUCAHUA U HENUHEUHOCMb OUHAMUYECKUX CEOUCME UCCIe0yeMO20
00veKkma, Hanuuue 3auUMOoBIUAHUSA NEPEKPECMHBIX KAHALO08 CE:A3U 8 KOHMYPAX PecyIUPOSanUs, a maKice 6IUAHUe Pa3TULHbIX
MUN08 HeonpeoeieHHOCHell, CEA3AHHBIX C OMCYMCMEUeM anpuopHoll UHGoOpMayuu o npoyecce, CyuwecmeenHo YCao*CHAIOM
peulenue 3a0a4u cunmesd 8blCOKOIPHEKMUGHbIX CUCTEM YRPABTLeHUsT OUHAMUYECKUMU 00beKmamu, Ymo o0yciaeiusaem
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Heo0X00UMOCMb 2UOPUOHO20 NPUMEHEHUSI MeMOO08 HelpOHHOU cemu U HeuemKol MexXHONI02UU C NPUsieyeHueM Memooo8
MPAOUYUOHHOU MeopuL A8MOMAMUYEeCcKo20 ynpasienus. B pabome 015 pewienus 5mux 3a0ay npeonoiceHo UCHoIb3068aAmb
camoadanmupylowuecs Hetipocemesvie pecyisimopsl, CNOCOOHbIE OCYUECMBIAMb 6b100p CIMPYKMYPbL U KOPPEKMUPOBAb
napamempyvl pe2ynsamopos ¢ Y4EmoM USMEHEeHUL KaK C8OUCMS UCCLedyeMo20 00beKmd, MaK U 6HEUHUX 803MYUAIOUWUX
6030elicmeutl. Apxumexmypa npeonazaemoll HeupoOHHOU cemu NnpedcmasieHd 6 6ude MHOSOCIOUHOU HEeUPOHHOU Ccemu.
Obyuenue u KoOppekyus napamempo8 B8eco8blX C@s3ell HEUPOHHOU cemu pearu308anbl MemoooM UHMEPaKmMugHoOU
aoanmayuu,  ocyujecmeniemou  HesguvlM  oopazom.  Camonpucnocabniusanue — napamempos — Heupopecyiamopa
obecneuugaemcs, ¢ yuemom CKOpOCMU U3MEHEHUs. MeXHOIOSUYeCKUX napamempog obwvekma ynpasienus. Paspaboman
A0anmMuUEHO-HEeUemKULl aleoPUmMM CUHMe3d CAMOAOANMAYUL CUCTEMbL YNPAGLEHUS MEXHOIOSUHEeCKUMU 00beKmamu Ha
OCHOBE OUHAMUYECKOU MOOeNU ¢ PODACTHBIMU CBOUCIEAMU.

Knwuesvite cnosa: adanmayusi, Ounamuueckuti o00vekm, o00OyueHue, Helpocemesoe  peyiuposaHue,
HelpOKOHMPOINED, 8eCOB0IL KOIPDuyuenm.

Introduction

Particular attention has recently intensified to the problem of synthesizing mathematical models
and control algorithms of various technological processes that have insufficient information about the
various signals and interference affecting it, on account of the development of principles and algorithms
for control systems.

The experience of creating automatic control systems for complex technological objects, in
conditions of great uncertainty and incomplete knowledge about the object, the fuzzy descriptions
showed the inefficiency of using only formal classical methods of control theory.

In this regard, it is necessary to investigate and develop alternative algorithms and control
schemes, for example, intelligent control systems. Such systems have the ability to understand and learn
about the control object, disturbances, the external environment, and working conditions. At this stage,
artificial neural-networks, due to their abilities for self-adapting and self-learning, are considered as
promising means for intelligent systems [1-4].

Currently, more and more «intelligent» properties are emerging in technical devices that ensure
high quality control, adaptation to changes in object parameters and reflection of external disturbances.
In general, there is a tendency to create systems that have the ability to adapt or self-study, as well as to
obtain a model of a complex object that takes into account its dynamic parameters.

At the present stage of development of high-quality control systems requires the application of
new intelligent approaches that allow the most effective use of all recent achievements in the fields of
hardware and software.

The most relevant in the field of building control systems is the development of universal
methods for automated synthesis of system parameters.

Neural-networks have entered practice wherever you need to solve the problems of prediction,
classification or control. System self-learning refers to a set of methods and algorithms for setting up
and functioning of control system with an unknown dynamic object. The system synthesis procedure
includes the following steps: identification of the control object; initial setting of the regulator;
adaptation of regulator parameters during control [5-9].

These steps define the basic functional elements and algorithms necessary to build a self-adapting
system.

The self-adapting neural-network approach is equally suitable for linear and complex nonlinear
dependencies. It is especially effective in analyzing data when it is necessary to find out whether there
are dependencies between these variables.

With the development of new technologies in production, the requirements for control systems
for speed, reliability of operation and accuracy characteristics grow.

To ensure these characteristics, as well as high quality indicators of the control system, including
its adaptive properties with a significant variation in the parameters of the object and environmental
conditions, the use of non-trivial control laws is required [10-12].

The concept of integrated application of neural-networks is reflected in the construction of self-
adapting systems for automatic control of complex technical objects. The study of self-adapting neural-
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fuzzy control systems for use in the field of control showed the possibility of building based on them
reliable models of complex non-linear objects and regulators implementing various control laws,
including non-linear and close to optimal ones.

An important feature of the proposed synthesis schemes of models and regulators built on the
basis of self-adapting neural-fuzzy control systems is that they involve a training procedure at a
preliminary stage or during the control process.

In some cases, the use of these laws is limited by hardware implementation capabilities and time
when calculating control effects on computing devices in the control loop. In this case, self-adapting
neural-network technology is used.

Self-adapting neural-fuzzy control systems have accumulated the basic properties and structural
features of their biological prototypes and are a collection of interconnected simple computational
elements (neurons). The main properties of these structures include: the possibility of their training;
synthesis by examples; high fault tolerance; high computational power due to parallel operation of
individual elements.

These properties allow you to successfully use the self-adapting neural-fuzzy control systems to
control complex dynamic objects.

The most investigated direction in this area is the construction of a linear model, which involves
choosing a model structure based on a priori object information.

Model parameters are defined during the identification of object parameters. The obtained values
can be used to adjust the regulator or to correct its parameters during control using analytical or
numerical algorithms.

However, the use of a linear model for complex dynamic objects is almost always incorrect due
to the presence of significant non-linearities (and most often dynamic). For such objects, it is impractical
to consider the problem of parametric identification, since there are difficulties in determining the
nonlinear structure of the model and, most significantly, at present there are no general rules (algorithms)
for adjusting the regulator according to the known parameters of the nonlinear model.

Therefore, for complex dynamic objects, it is proposed to build a model on the selected nonlinear
basis and use multilayer self-adapting neural- fuzzy control systems for this.

Many real multi-link control objects are characterized by significant nonlinearity and
stochasticity of behaviour, a wide field of parameter change in its operating conditions.

To achieve a high quality of control indicators for such objects, it needs to have customization
elements in the control system, which allows the system to adjust parameters when changing object
properties [13-16].

One possible solution in constructing self-adapting control systems is the use of neural-network
theory.

The main advantages of self-adapting neural-fuzzy control systems technologies compared to
traditional control systems have been identified:

1. Self-adapting neural-fuzzy control systems allow solving non-standard problems in a standard
way. It is possible that a specialized computer will better solve one class of problems. However, one
neurocomputer is more versatile and has the ability to solve several classes of problems, while it is not
necessary to design a specialized computer for the control system every time, since the neurocomputer
will do everything itself.

2. Instead of programming, training is used. The self-adapting neural-fuzzy control systems are
learning. You only need to form training sets.

3. Self-adapting neural-fuzzy control systems are most effective in those areas where an analogue
of human intuition is needed for recognizing images (recognition of faces, reading handwritten texts,
etc.), preparing analytical forecasts, translating from one natural language to another, etc. It is for such
problems that it is usually difficult to propose a formal algorithm.

4. Self-adapting neural-fuzzy control systems allow forming effective software for computers
with a high degree of parallelization of processing. It is very rare to use parallel systems effectively.
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With the help of self-adapting neural- fuzzy control systems technologies, it is possible to ensure that all
elements simultaneously and without unnecessary duplication perform the task.

5. Self-adapting neural-fuzzy control systems technologies are «democraticy, these are also easy
to use and approach any control systems, so anyone with no experience can work with them.

This article discusses the problem of building a self-adapting neural-fuzzy control system for
multidimensional dynamic objects.

A multivariate statistically controlled series of objects, for which the number of controlled
parameters is equal to the number of control effects, acts as a control object [17-21].

Proposed self-adapting neural-fuzzy control system is designed so that error vector after
comparison elements is supplied to input of neural-network.

Then, depending on the error signal, the weighting factors are corrected at each discrete time t.
The vector of control signals from the output of the self-adapting neural-fuzzy control systems is
supplied to the input of the control object.

Research Methods and the Received Results

A self-adapting neural-network for controlling multi-linked objects is a multilayer neural-
network with one intermediate layer, which contains Ny neurons in the input layer and N; neurons in the
output layer, moreover N>=Ny=n, where n — number of controlled variables.

The network is characterized by the number of neurons N; in the interior layer. The input layer
consists of error signal receiving nodes, and the output layer consists of source-neurons of control signal.

At the first stage superposition of input signals of neuron is calculated:

I yNi-1 1 11
Z; = Zj=1 Wijoj ,

where V\li'j — weight coefficient that is a tunable parameter and characterizes the connection of the j-th

neuron (/-7) of the layer with the i-th neuron of the /-th layer; W;*l — output scalar.

Then the value of z is converted into the output value of the neuron:
-1 _ l
o = f(z).
The nonlinear transformation is given by the activation function, which is often determined by
the sigmoid function, i.e.:
1
f(Z) " 1-exp(-2)
An important property of this activation function is the ease of defining a derivative of this
function:
1 —
f(z) = f@ 1A - f(2).
With the accepted designations, the mathematical description of the training of the self-adapting
neural-fuzzy control systems is written in the form of a system of equations:

w;(t) = 0?, j=1n; )
of =f(z)  i=TN,l=12
zi=Xjsowyoj H i=LN,l=12
o) =e(t), j=1m

0}9 =0 =1 J

With the operation of a self-adapting neural- fuzzy control system, the settings of the system —
the weights of the self-adapting neural- fuzzy control systems — change so that the value of E=||e|| —0.

Value E is determined by equation:

1on 2 .
E = 52i=1 ae;, j= 1, n,

where o; - coefficients determining the weight of each control channel in the total error £.
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Correction of self-adapting neural- fuzzy control systems weight coefficients V\Ii'j (self-adapting

neural- fuzzy control systems training) is carried out using the interactive adaptation method.

The essence of which is that the error that is required for training is calculated implicitly.

Using the interactive adaptation method, the system is divided into N-subsystems, each of which
has an integrable output signal yn and an integrable input signal xn, the relation between them is
presented in the form of a functional relationship:

Fn:Xn - Yn» n=1n

The relationship of the i-th link of the system has the form:

yi(t) = Filx, (O], i=1n.

Let the interaction between the links and the external signal u;(?) be linear and described by the
equation:

x; () = ui(t) + Xjes, wijyi(t), i En,
where J, = {K Y= i} - set of connected inputs of the i-th link; w;; - weights of the connections.
In this case, the ratio of the input and output of the i-th link is described by the following equation:
YL(t) = [ul(t) + Z]EJLWUYL(t)] [ €En.
The purpose of the training is to adjust the bond weights W;; so as to minimize the loss function

E (1, ..., yn, ui, ..., uy), which is a system error function.
The training of self-adapting neural-fuzzy control systems is to minimize the error of the control
system. This is done by adjusting the link weights of the w; self-adapting neural-fuzzy control systems.

In this case, the weights of the links W;; are adjusted according to the following rule:

output
Jinput lnput Yij
Fposts[ ij ] '<yinput>ZWijuij—
ij

F,mput[ BX] . p'utput . aE
pOStS l] ij a input’
ij

where y>0 - coefficient determining the learning rate; Fjoi'[X™] - derivative of Fresher; E - loss

function (error).

Provided that equation has a single solution for W,

; » where the loss function £ (yy, ..., yn, ui, ...,

u,) will monotonically decrease in time and the following equality will be satisfied:

_ 0E
Wij ==Y ay_n.lput
U

With this approach, the self-adapting neural-fuzzy control systems can be decomposed into
constituent elements, represented as an elementary self-adapting neural-fuzzy control system (Fig. 1).

X1

Xz

Fig. 1. Block diagram of the elementary self-adapting neural-fuzzy control system.
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Mathematically, the self-adapting neural-fuzzy control system learning algorithm is presented in
the form:

Pn = ZSEDTL Ws " Tyress s

= o(pn),
where n — neuron index; Dn — set of input synapses of neuron n; pres and post — presynaptic and

postsynaptic neuron corresponding to synapse s; ®, — weight of the synapse s; p, — membrane potential

of neuron n; I, — frequency of neuron n excitation; ¢ — activation function of the sigmoid type, which

is presented in the form:
1

1+e~%
In this case, the weight of synapses is determined by the equation:

ws = rpres((ppostso-(_Pposts) +y- fposts):
¢n = z Ws * Wg,

SEAR

olx) =

where y — direct feedback coefficient for all neurons; @, — direct reverse error signal.

It should be noted that this training method is equivalent to an algorithm for backward
propagation of an error, but for transmitting an error from the output of the network to its input, the use
of a self-adapting neural-fuzzy control system with backward propagation is not required.

Proposed solution allows organizing automatic control system based on self-adapting neural-
network technologies in various microprocessor software and technical systems. It shows the operability
of this solution and confirms the merits of self-adapting neural-fuzzy control systems technologies.

Conclusion

The self-adapting neural-fuzzy control systems can be successfully applied to control both
stationary and non-stationary multidimensional objects. The proposed algorithm for synthesis of a self-
adapting neural-fuzzy control system of technological equipment allows reducing the number of
iterations in the process of training the algorithm of fuzzy-logical output, accelerate the process of
training the system due to the use of a fast-acting algorithm of fuzzy-logical output, reduce the error of
the results of training a neuro-fuzzy network from 8 to 1%. The use of this control system contributes
to:

- reduction of system self-configuration time;

- adaptive adjustment capabilities to change dynamic properties of the control object;

- relative ease of using the algorithm and narrowing a number of adjustment parameters.
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