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Abstract. The issue of identifying recirculation systems with a specific control loop, in which information and control
information about various technological processes circulate, is being considered. A methodology for identifying recirculation
systems has been developed, based on algorithms for structural identification of the model based on the results of assessing
the sensitivity of the optimum of control parameters and a fuzzy inference algorithm based on production rules that contribute
to solving the problem of parametric identification.

Key words: recirculation systems, mathematical, structural-parametric, optimization and control systems.

Annotatsiya. Har xil turdagi texnologik jarayonlar to ‘g ‘risida ma’lumotlar oqimi va boshqaruv ma’lumotlari
aylanadigan ma’lum bir boshqaruv zanjiri bilan aylanma tizimlarini aniglash masalasi muhokama qilingan. Nazorat
parametrlarining optimal sezgirligini baholash natijalari asosida modelni tizimli identifikatsiyalash algoritmlari va
parametrik muammoni hal gilishga yordam beradigan ishlab chigarish qoidalariga asoslangan loyga xulosalar algoritmi
asosida retsirkulyatsiya tizimlarini aniglash metodologiyasi ishlab chigilgan.

Tayanch so‘zlar: retsirkulyatsion (aylanmali) tizimlar, matematik, tuzilmaviy parametrik, optimallashtirish va
borshqarish tizimi

Annomauyus. Obcysxcoaemces npobiema udeHmu@urkayuu peyupKyIayuOHHbIX CUCEM CO CReyu@uuecKum
KOHMYPOM YNpAGIeHUs, 8 KOMOPOM YUPKVAUPYIOM HNOMOKU OC8eOOMUMENbHOU U Ynpaeisiowel ungopmayuu o
PA3HOMUNHBIX MeXHOA02UYecKuUx npoyeccax. Paspabomana memoouxa udenmuguxayuu peyupKyIsyuoHHbIX CUCHEM,
6a3UPYIOWAsACs HA AN2OPUMMAX CIPYKMYPHOU UOSHMUDUKAYUL MOOeIU NO Pe3YIbMamam OYEeHKU YYECMEUMeIbHOCIU
ONMUMYMAa YRPAGIAIOWUX NAPAMEmMpPOs U ANI2OPUMMA  HEYemKO20 6ble00d HA OCHO8E NPOOYKYUOHHBIX NPAGUI,
CROCOOCMBYIOWUX PeUleHUI0 3a0aYl NapamMempuieckol u0eHmudurayuu.

Knrwouegvle cnosa: peyupkyisyuonmvie cucmemvl, MamemamuiecKue, CmpykmypHo-napamempuieckue cCucmemsi,
ONnMUMU3AYUS U YNPAGLeHUe.

Introduction

In control problems of recirculation systems, a situation arises when some state parameters are
directly measured or determined by an indirect method. For the observed object with known parameters,
the following equation is valid:

%z Ax+ Bu, x(t,) = x(0), 1)
Y =Cx. (2)
The state of the control object can be assessed using a mathematical model
dx -

— = Ax+Bu,
at 3)
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If the model is adequate to the real state, the application of the state of the model x(0) and the
object x(0) results coincide, ..., just as the results of solving equation (1) coincide with the results of
solving model (3).

Otherwise, if x (0) # x (0) then the identification error will be

e(ty) = x(0) —x(0) (4)
and will depend on the accuracy of the measurement method, experimental data processing procedures,
and so on [1].

Various methods and approaches have been proposed for error assessment [2], and their
advantages and disadvantages have been sufficiently analyzed in works [3,4].

For example, a frequently used parametric identification method in the form of “Least Squares
Methods” for operating technological objects is characterized by the correlation of noise over time. This
IS due to a shift in parameter estimates, an increase in the dispersion of these estimates, and a decrease
in the quality of management [5,6].

Research Methods and the Received Results

In [3], the features of identifying closed systems are noted, characterized by changes in control
variables depending on the observed variables at the output - control is carried out in a closed loop.
Identification in closed-loop control is carried out with object noise and additional noise is introduced
into the closed loop. In addition, complex structured real production facilities are also characterized by
a delay in recycled material flows [7], which leads to a shift in input parameters and causes additional
errors.

Thus, the noted noise, measurement inaccuracies, and uncertainties in the input and output
parameters of the object require special approaches to the identification of recycling processes.

The error represented by equation (4) reflects the presence of output measurement error and
accuracy in model parameter estimates, as well as the magnitude of the lag.

e(t) = y(t)—y(t—7),
where, is the measurement at the moment of time; y(t — ) - measurement value at moment (t—7).

Many large-scale industrial facilities are characterized by a similar shift in parameter estimates.
This in turn causes a decrease in the quality of control systems [8].

Solving problems using parametric identification methods given in several works [9] provides
that the parameters of the signals characterizing the state of the object and the measurement errors over
the observation period are assumed to be constant. Although they are affected by external disturbances
that directly affect the identification error [2].

It was noted in [5] that parametric identification methods make it difficult to solve many practical
problems due to the inability to accurately establish certain types of signal distribution functions and
errors.

It was noted [3] that statistical methods are not resistant to deviations of the initial data from the
expected ones. This also reduces the efficiency of statistical data processing procedures and thereby
ultimately reduces the accuracy of the control system.

It can be noted that in reality, the error distribution density tends to the normal law. But at the
same time, anomalous errors distort the appearance of the normal law.

Analysis of the discrepancy between the mathematical model and the real process mainly
depends on the characteristics of the control object.

The recirculation systems under consideration belong to the class of control objects that are
difficult to formalize, characterized by structural complexity, multiparameter, poor knowledge of the
connections between standard technological operators, and also the presence of interference; Some of
the control variables change depending on those observed at the output - (the presence of a recycled
material flow and a significant measurement error. This all leads to errors and complicates the solution
of the identification problem.
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One of the ways to overcome these difficulties is to use combined methods depending on the
specifically solved problems.

For structural and parametric identification of control parameters of recirculation systems, a
hybrid method is proposed that combines the main algorithm for assessing the sensitivity of the optimum
and fuzzy logic.

Structural identification is carried out according to the proposed algorithm for assessing the
sensitivity measure of the optimum of control parameters, as a result of which insignificant control
parameters are excluded and the structure of the model is formed based on significant control parameters.

Parametric identification is carried out according to the algorithm [7] and after determining the
parameters and constructing membership functions, a base of fuzzy rules is formed [9].

Structure identification

Sensitivity research is associated with the need to identify the parameters that most strongly
influence the accuracy of the model and the choice of control actions when synthesizing a control system
[3]. Most often used:

o sensitivity of output parameters
Yodx
o sensitivity of state variables
‘= OX
“du’
o sensitivity to optimum
= 0 .
“ du’

where are x - the state parameters; U - control parameters; Y - output parameters; @ - optimum

criterion.
The control action represents the dependency

u=(x(0),y.t,&)

u=f(x(0),xY,t,¢)

Typically, the optimal values of control parameters obtained using a mathematical model will
have deviations from the true value. In this regard, it is necessary to estimate the sensitivity of the

if there is a circulating flow in the system

optimum to a small change in the control action aU; .
Optimum sensitivity —{ @ characterizes the magnitude of the relative change in the optimality

criterion @ when the control action deviates AU; from its optimal value Uio ® . The work [3] defines

the sensitivity of the optimum relative to the specified criterion. It also has a direct relationship with
other parameters of the model.

e . . i t
Let's turn to "Sensitivity of the optimum®™ in relation to the control parameters - UiOP . If the

control object is at the optimal value U™ (i = (1,m)), optimality criterion @ takes maximum value.
¢ = ¢(X,u, y) > max

45



CHEMICAL TECHNOLOGY. CONTROL AND MANAGEMENT. Ne3 /2024

Although the optimality criterion depends on the input, output, and control parameters, when
solving optimization problems it is directly related to the control parameters. From the above, we can
write

¢ = $(u,U,,..u_) — max

. L : t
In conditions of deviation of control parameters from optimal values - UiOp to AU; | then the

optimality criterion will also change by the amount NV
n n
ag= ¢(z (Uiopt tau;)) - (Zuiopt) : (5)
i=1 i=1

In case of deviation U; to aU, change assessment 2@ will be [10]

A¢ Z—AU ZZ@U 8u al; aUg

Optimal control is achieved when

o¢
o -t ©
At this value the change ¢ equal
= u.au
ap= ;;au au, al; alg (6a)

Let us assume that the maximum deviation aU; < &; . Then we can accept that

2
al;aUg <47 (1)
From expressions (6a) and (7) one can estimate the magnitude of the change:

|A¢|< D)) au au

i=1 R=1

(8)

Since with a permissible change in value aU, optimality criterion ¢ will also change according

to 2@ , and the value estimate - & from the condition aU;,, — U, =6, can be determined from
the equation

_ 2IA¢|
o6 = . 9)
Z_;; 8u 8u
A simplified form of equation (9) is
2 (10)
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Using expression (10), we estimate the measure of the sensitivity of the optimum for each control
parameter separately.

Sensitivity assessment, along with the identification of significant control parameters when
carrying out structural identification of a recirculation system model, also makes it possible to establish
the limits of permissible deviation of operating parameters, the range of variation of model coefficients,
and, on the basis of ... to form optimization and control algorithms.

Parameter identification
Structural-parametric identification of recirculation systems in the most general form is presented
as a process of constructing a model with the establishment of patterns of connections between input

parameters X ={X;, X,,...X,} and output parameter Y . The number of input parameters is

established during structural identification based on estimates of the optimum sensitivity measure

The use of natural language statements “If..., then...”, followed by their formalization based on
the theory of fuzzy sets, makes it possible to adequately reflect the “inputs and outputs” of a controlled
object without resorting to complex differential-integral computational procedures [11-12].

“Input-output” relationships are established using the Gaussian membership function [13] in the
following form:

1 X —X A

% (Xi) = exp|:_E(ITI2):| 11 :1’ n,

|
where X, - parameter value: x; - average parameter value: ¢, - dispersion.

The choice of the Gaussian membership function is due to flexibility and simplicity (specified
by two parameters).

The neuro-fuzzy model using the algorithm [7] includes five layers. Neural network, with n input
parameters and m rules, the total number of configurable parameters of the neural network is m(n+1).
Setting the parameter values of the neuro-fuzzy model is carried out in accordance with the learning
algorithm for adaptive fuzzy backpropagation systems [7, 13], based on the gradient descent method.

Conclusion

To train the model, you can use one of the optimization methods, for example, the descent
method, gradient, or hybrid algorithms [9], the latter are more effective since all parameters are refined
in parallel and simultaneously.

When solving the optimization problem, a genetic algorithm was used, which is quite flexible
and does not require the calculation of derivatives taking into account other characteristics [9].

When implementing a genetic algorithm, you must:

-determine optimized parameters;

-choose the method of encoding information;

-set the objective function;

- determine the rules for initializing the initial population;

-select selection, crossing, and mutation operators, as well as set their parameters;

-perform a given number of iterations to achieve an error that is less than a given one.

After specifying the parameters, the process starts until the parameters of the technological
process under study are stabilized.
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