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automation and control tasks.

The article presents algorithms for managing dynamic objects based on adaptive
filtering methods. A functional diagram of an adaptive system for dynamic control of
technological processes is proposed. For the values of the adaptive filter size, the
relationship between the sum of squares of the correlation coefficient and the signal
error obtained as a result of filtering the original useful signal is obtained. The proposed
adaptive control system makes it possible to stabilize the mode of technological
parameters of the process, improve the quality of products and the productivity of the
unit. These algorithms make it possible to use dynamic production objects in
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Introduction. In assessing the state of
technological objects, adaptive filtering is
mainly used in the purification of unstable
interfering signal and noise data in cases given
a priori for the calculation of indeterminate,
variable and parametric filters of the frequency
range that fills or interferes with the desired
signals. For example, in the Shurtan Oil and Gas
Production Department, very strong active
riots in digital communication can interfere
with  useful signals, while in digital
transmission of data on a channel with a poor
frequency characteristic, interference between
symbols of digital codes can be observed. An
effective solution to this problem can only be
achieved with adaptive filters.

The frequency characteristics of adaptive
filters are automatically adjusted or modified
according to a defined criterion that allows
filters to adapt to changes in the characteristics
of the input signals [1-5].

Adaptive filters are used to clean signals from
noise. However, adaptive algorithms depend on

a feedback mechanism characterized by a
sharp increase in instability in some
applications.

Optimal estimation algorithms, which are now
significantly developed, are the result of
solving model problems with full availability of
a priori statistics. In practice, however, a priori
statistics are  usually  known only
approximately or not at all. In such cases, the
conditions of model problems are violated, the
resulting estimation algorithms become
suboptimal, and their estimates remain
incomplete and scattered [6,7].

These circumstances make it necessary to
ensure that the filter parameters are not
specifically related to the factors mentioned
above.

Formulation Of The Problem. This
representation of the process allows you to
choose the structure of the mathematical
model in the following form:
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Xip = AX + BX o + BU + W,y = Hix +v,.
(1)
In order to obtain a mathematical model and
use it in practice, an industrial experiment is
conducted under the conditions of normative
operation of the dynamic process. (1) The
sought values of the matrices A, F and B, in

the equation are equal to the following for the
accepted time interval[3]:

For the acquisition of mathematical models and
their use in practice provoditsya
promsbishlennsly experiment in the conditions
of normative protection of dynamic processes.
Iskomye znacheniya v uravnenii (1) i matritsy
ravny sleduyushchim dlya prinyatogo intervala
vremeni [3]'

AlA AS F1;F2;F3 Blng;B
A<|ATATA| PR TR BB 1B B
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(2)

Examination of the similarity of the developed
models on the basis of the residual criterion,
based on the values of the parameters in
expression (2), the model (1) showed a
monand description of the process under
consideration [6].

In practice, a significant deviation of the
composition of specific target products from
their predetermined values indicates that there
will be large and rapidly recurring upheavals
associated with changes in the composition and
consumption of raw materials [1,8].

Therefore, the issue of adaptive stabilization in
the operating mode of the object is important
in the management of the dynamic process.
This issue is a key issue in dynamic process
management in conditions of uncertainty
without knowing the descriptions of external
disturbing influences and the values of the
parameters of the control object.

Dynamic process control is extremely complex
due to nominal-phase properties such as time
delays of several minutes, length of installation
time, and unmeasurable changes in the
properties of the parameters. We connect the
regulator U =K'z  to the object (1), K -

1w

=)

adjuster parameters of the nx 2l -dimensional
matrix. Assume that the matrices A, F, V, H
depend on a vector of unknown parameters
£eM, where M is the set that defines the

flexibility class of the synthesized system [2,9].
To solve the problem, we obtain the following
Lyapunov-Krasovsky functionality:

V(x k xLx+ZK k) Lk~ )-7 (x X, +xx) ZXMM

I=1-h

)

where L,, L,are real symmetric positive

matrices; k, - K, of the matrix i-column » >0.

[t can be shown that the synthesized system is
adaptive in a given class M, and the algorithm
for adjusting the parameters of the regulator
has the following appearance:
K=k —d' 2, Py, 1=12,.,m

(3)

where P, -are arbitrary positively defined
matrices; d - the i-column of the D matrix,

which is determined by the frequency
theorems of the stability of the systems;
T T,T
Y =% L,
The Kalman filter equation looks like this [1,4]:
%0= A% +F R+ B + KTy, - K& -KBu,]-

h|1 , 1) ,
‘H E(Kiz,—h[yi—h -Ki ki ]+ Ki?o[)’i - KiXi])+ Z Ki%l [Via —KiaXial |
I=h
(4)

Amplification coefficients K and K/

determined by the following equations:
Ki =[P -PoIKIR™ K =R KR

(5)

(3) - (5) based on the above algorithms
developed for the synthesis of expressive and
state vector adaptive evaluation systems, the
following variant of the adaptive control
system of the dynamic process can be proposed
(Figure 1).

The proposed system of adaptive control
allows to stabilize the technological parameter
regime of the process, increase product quality
and unit performance([2,10].
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Figure 1. Functional scheme of the adaptive system of dynamic process control.

We also consider the algorithms of regular adaptive assessment through computer modeling.

A computer model was developed in the “Simulink” environment [4,11] to approximate the filtering
quality from the correlation coefficient between the noisy useful signals and the noise value. The
structure of the developed model is shown in Figure 2.
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Figure 2. Block diagram of a dynamic process model using adaptive filters.
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The model consists of the following blocks:
1. Polyharmonic signal generation

unit: S(t) = ZAiCOS(WiH ®);
i=1
2. Noise source (white Gaussian
noise).
3. Second order discrete filter;
D= cov (X, X,)

4. block for calculating the
o, ‘O,
1 2
correlation coefficient according to the
formula;
067+ - —
o 0.4+
E |
S 02
= Lt
2 g
- 04 . -'-.».,.oﬂco-.,...oouoo........
02

0 02 04 0B 08 1
Samples

(a)

4. Adaptive LMS or RLS filters.
5. Ostsillograph.
6. Monitor showing final results.

The results of filter adaptation (selection of
coefficients) after counting 150 signals are
shown in Figure 3. The coefficients of the filter
are shown in Figure 3, a, and the AChX
(amplitude frequency characteristic) of the
filter is shown in Figure 3, b.

Magnitude-squared, dB

S04 '.' {

Figure 3. Results of the adaptation process:
a - filter coefficients; 6 - filter AChX si

It can be seen from the coefficients that the
order of the filter can be reduced by about 3
times for this condition. It should be noted that
adaptive filters are very stable in filtering
signals with the last spectrum of coefficients,
and a one-time selection is required when the
parameters of the influencing factors do not

0 0.1 02 03
Frequency (Hz)

04 05

change over time. The second-order discrete
filter (3 blocks) forms an estimate of the
difference in noise from the signals in the
signals, and also sets the different correlation
coefficients in the model [10]. The signals at the
input and output of the discrete filter (6 blocks)
are shown in Figure 4.
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Figure 4. An oscillogram of noise (a) and its value (b)
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The performance results of the model presented for noisy polyharmonic signals are shown in Figure

5. The correlation coefficient is 0.87.
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Figure 5. Performance oscillogram of the adaptive filter:
a - sample signal; b - noisy (changed) signal; v- the first signal cleared of noise

As can be seen from the images, the signals are
restored without distortion at a very small
amplitude of the standard input signals and at a
multiple increase in noise in the useful signals
consisting of a change in the signals cleared
from the initial noise. An average of 150 signals
are required to select the filter coefficients
under different conditions [5].

Conclusion. Using the given model, the
relationship between the correlation coefficient
and the sum of the squares of the signal error
resulting from filtering from the initial useful
signal for the values of the adaptive filter size
was obtained. In summary, computer models of
adaptive filtering based on adaptive filtering
algorithms allow synthesizing evaluation and
control issues, and dynamic process data can
be more widely used in the field of automation
of production processes of adaptive filtering
algorithms.
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