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Alternative optimality criteria in automatic control systems
parametrical optimization

Victor Yegorov

The purpose of optimum parametrical synthesis of Systems of Automatic Control
(SAC) consists in finding of such parameters of the actuation device (AD) at which the
indicator of SAC quality chosen as criterion of an optimality accepts the best value. During
parametrical optimization of AD value adjusting parameters of system, corresponding to an
extremum of criterion of an optimality, are defined by their purposeful search. As it is
known strategy of search is defined by algorithms of the optimizer. Thus it is important that
the criterion of an optimality had an extremum in space of the optimized parameters.
Integrated indicators of quality meet these requirements (excepting linear): the elementary,
modular, square. Therefore they are often used as criteria of optimization.

Further the offered integrated indicator of quality which considers stability of
technological process is given:

Iy =

Sy —

St(t) — l‘dt - O, 1)
y© = y*=argminJ; @)

Thus, optimization by the specified criterion is reduced to a choice as it is possible for
the smallest area under the given curve:
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Fig.1. Visualization of integral from a formula calculation (1)

On integrally square, considering the size of speed of course of transition process
indicator of quality and on offered integrated from stability parametrical optimization at the
fixed values of parameters of object of management was performed.

Two sets of "optimum" values for PID — the regulator are as a result received (object
static). Further an inspection on roughness of systems with the corresponding sets of
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parameters of the regulator at dispersion of the parameters of +£20% was carried out (Fig.
2 — Fig. 3).

a rpyfocts

PeaynbTaTsl NpoBEpKN CUCTEME Ha rpyBocTs. PeaynbTaThl NPOBEPKM CHETEMBI Ha rpyBocTs.
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Ha AN NapaMETAOR OBLEKTA YNPAENEHHA A SHAYERHA KRATEMA OMTHMANEHOCTH 3HAYGHHA NAPaMETROB OB LEKTA YIPABAEHHA H JHAUSHHA KPHTERHA OMTAMATEHOETH.,
1. ko =272 tau=2 J=1164.7522 2. ko =272 tau=2 J=1201 1335 1. ko =272 tau=2 J=827 9233 2. ko =272 tau=2 J=679 6505
T =144 = T =144 T =12
tau=3 J=12520556 3. ko =272 tau=2.5 J=1253.9745 6. ko=34 tau=3 J=1614.5197 4. ko=34 tau=2 J=9257326 5. ko =272 tau=3 J=945 9807 6. ko =34 tau=3 J=2154.327
T =13 = T =144 T =144 T =96
7. ko=408 tau=3 J=16612472 8. ko =408 tau=25 J=1633.9045 9. ko=408 tau=3 J=1927 5524 7. ko =408 tau=3 J=2180.8256 8. ko =408 tau=2.5 J=2184 7176 9. ko =408 tau=3 J=4184.0323
T=12 T =96 T =86 T=12 T =898 T =898
Fig.2. Set I, dispersion of management object Fig.3. Set [, dispersion of management object
0,
parameters +/- 20% parameters +/- 20%

As we see from Fig. 2 and Fig. 3, the system with a set of the "optimum" settings of
the regulator received by optimization by integrally square criterion considering the size of
speed of course of transition process at essential dispersion of parameters of object of
management is less steady in comparison with system with a set of the settings of the
regulator received by optimization by integrated criterion from stability.

However when using of the offered criterion of an optimality in the course of
optimization as search of a compromise in in advance mutually contradictory conditions
(ensuring on the one hand high dynamic precision, and with other the demanded stability
stock), the priority in this case is reduced to stability of controlled process that in turn is
negatively reflected in the dynamic accuracy of a job of the got SAC.

Proceeding from above stated, more effective is use of the combined type of an
integrated assessment in which restriction is imposed not only at a deviation size x and

on deviation speed x, but also and on stability deviation degree S? has an appearance:

2 2

Lo, = [((av@) +(TA3) +(T(51) 1))’ ) (3)

KSt =

S =8

where 7, and 7, - the weight coefficients which are bringing composed an indicator
to one unit of measure and appropriately reflecting the size compromise degree between
requirements of minimization of the area under Ay*(¢), 7*(r) and under (St(t)—l)z.

CONCLUSIONS

As a result of the performed parametrical optimization at the fixed and variable
values of parameters of object of management on integrally square, considering the size of
speed of course of transition process indicator of quality and on an indicator of quality,
integrated from stability, (1) the corresponding sets of values of parameters of the
regulator for the elementary SAC were received. Check of work of system of automatic

-18 -



HAYYHM TPYOOBE HA PYCEHCKUA YHMBEPCWUTET - 2015, Tom 54, cepus 3.1

control on a stability with conditional dispersion of parameters of object of management +/-
30% for a set of values of the parameters of the regulator received as a result of
optimization at the fixed parameters of object of management and conditional dispersion of
parameters of object of management +/-40% for a set of values of the parameters of the
regulator received as a result of optimization at variable parameters of object of
management was executed. As a result of the specified check on a stability, big stability of
work of SAC with values of the parameters of the regulator received as a result of
optimization on a new quality indicator, integrated from stability, was revealed
considerably.

Besides, the new combined type of an integrated assessment (3) in which restriction
is imposed not only at a size of a deviation and on deviation speed is offered, but also and
on stability deviation degree, which use allows to consider by parametrical optimization of
SAC stability of process of change of a controlled variable, without endowing thus
considerably the dynamic accuracy of work of SAC.
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