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Consider a search-free self-tuning system with a model (1'?), whose motion is
described by the equations:

object
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control law
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where ¢ is the controlled coordinate; p is the regulator coordinate; ¢, (¢), d(t) are
time-varying coefficients of the object; [; are constants; k*, k3, kj are adjustable
coefficients of the regulator; g(t) is the control action; n = m + r.

Without loss of generality one may take ¢, = 1. Then (1)-(3) can be represented
in the form
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where b,(t) satisfy the identical equality
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Denote k*d(t)/l, = a; kja = k;; kja = k,. The variability of the efficiency of the
regulating element d(t) has a substantlal effect on the control processes in system
(1)-(3) and on the adaptation processes. However, there exist various methods
of adjusting the overall gain coefficient £* in such a way as to maintain, with
sufficient accuracy, k*d(t) = const (?). Without considering such adjustment in
detail, we shall assume a = const.

Represent the coefficients b,(t) and k; in the form b;(t) = b, + Ab;(t), k; =

k; + Ak;, where b,, k; are constant quantities; Ab,(t) are variable components;
Akl are adjustable components. Denote b, + k; = a;. Then equation (4) is
written
n—1 .
)+ "a; + Ab(1) + Ak o' =k g(t). (6)

I}
=}

7

As the reference model, we shall choose the filter described by differential equa-
tion (6) for Ab;(t) = Ak; = 0. We shall denote the output coordinate of the
model by ¢,,.

In the laws governing the variation of the adjustable coefficients, we shall con-
sider only the integral components

Ak, = z;, 2 —/ Y (te,é,...,emb) dt. (7)

It is required to synthesize the algorithms 1; (t,,¢,...,e™™V), where ¢ = ¢ —
©m, from the condition of stability of the motion of system (6) relative to the
motion of the model, and stability of the motion of the coefficients of equation
(6) relative to the corresponding coefficients of the model q;, in the case of a
quasi-stationary regime, i.e., Ab,(t) = const for ¢t > 0, for any form of the control
action g(t).

The equation of the system with respect to the error € will be
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Let us denote ¢V = x,, 1, Ab;(t) + Ak; = y,.1 (i = 0,1,....,n — 1), and write
(8) in the form of a system of two equations in matrix form, taking into account
Ab,(t) = const:

X = AX + u, y =1,

where
Ly Y1
x=|"2,  v=|"
L, Yn
0 10 ot
A= , ,(/7: ’(bl(f”x) 7 (9)
0 0 0 1 ’
_a’O _‘11 _a2 _a’n 1 ¢n,1(t,X)
0 1
u= 0 ’ f<t7y>:_;90<2>y7.+1 (7’:07177”_1)
f(ty)

When choosing ;(t,x), we shall impose the condition ,(t,x) = 0 for x = 0.
From (9), evidently, u = 0 when y = 0. Consequently,

y=0 (10)

are a solution of system (9). In accordance with the statement of the problem, we
shall synthesize the vector 9 from the condition of stability of the zero solution
(10). We note that the condition y = 0 means compensation of the change in
the variable coefficients of the plant by means of the adjustable coefficients of
the regulator.

To solve the problem, choose a Lyapunov function in the form of a positive-
definite quadratic form %

V(x,y) =x'Px+y Ly, (11)

where

sovietrxiv.org/items/ru-196701.27671 Machine Translation


https://sovietrxiv.org/items/ru-196701.27671

Pi1 - Pin

Pni © © Pnn
and F is the identity matrix of order n.

The derivative of V(x,y) by virtue of (9) has the form

V(x,y) = x'Qx + 2[x' Pu + ¢’ Ey]. (12)

Under the condition that A is a nonsingular matrix whose characteristic equa-
tion roots have negative real parts, |A—AE| = 0, the negative-definite quadratic
form x’Qx, where Q = A’P+ PA, is always associated with the positive-definite
quadratic form x’ Px (3. In this case, the stability condition for the zero solution
of (10) reduces to satisfying the nonpositivity of the expression

p(x,y,t) =x"Pu+ ¢’ Ey <0. (13)

Carrying out the corresponding transformations, we find that condition (13) is
satisfied when

B=1

Thus, the following may be formulated.

Theorem. A sufficient condition for stability of the motion of system (6) with
respect to the motion of the model, as well as of the coefficients of the differential
equation of system (6) with respect to the corresponding coefficients of the model
in the quasi-stationary regime (Ab,(t) = const for ¢ > 0) with laws of variation
of the adjustable coefficients (7), for any form of the control action g(t), is
that the algorithms v, (¢,x) belong to class (14), where the parameters pg,, are
determined by the matrix in (11).

Institute of Automation and Telemechanics

Received
24 VI 1966

References

1. V. Yu. Rutkovskii, I. N. Krutova, Collection: Self-Tuning Automatic
Systems, Proceedings of the First All-Union Conference on the Theory
and Practice of Self-Tuning Systems, “Nauka,” 1965.

sovietrxiv.org/items/ru-196701.27671 Machine Translation


https://sovietrxiv.org/items/ru-196701.27671

2. S. D. Zemlyakov, Publishing House of the Academy of Sciences of the
USSR, Technical Cybernetics, No. 3 (1965).

3. A. M. Lyapunov, The General Problem of the Stability of Motion, 1950.

4. J. G. Hiza, C. C. Li, IEEE, Trans. Appl. and Ind., No. 69 (1963).
Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.

sovietrxiv.org/items/ru-196701.27671 Machine Translation


https://sovietrxiv.org/items/ru-196701.27671

	Abstract
	Full Text
	CYBERNETICS AND CONTROL THEORY
	S. D. ZEMLYAKOV, V. Yu. RUTKOVSKII

	SYNTHESIS OF ALGORITHMS FOR CHANGING ADJUSTABLE COEFFICIENTS IN A SELF-TUNING CONTROL SYSTEM WITH A REFERENCE MODEL
	References


