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CONTROL OF THE LINEAR DYNAMIC PLANT
WITH INTERVALLY GIVEN PARAMETERS
FROM THE GUARANTEE CONDITION OF

THE REQUIRED ACCURACY OF THE SOLUTION

Nikita V.Skybytsky and Tian Yuping

The solution of the problem of the transformation of a linear dynamic
plant with parameters known up to intervals into a given state is considered.
The set of solutions every of which gnarantees the required transformation
accuracy is defined.

YIIPABJIEHUE JIMHEWNHBIM IUHAMUYECKUM
OB'EKTOM C MUHTEPBAJILHO 3A A HHBIMU
INAPAMETPAMM M3 YCJIOBUSA OBECIIEUEHUSI
3AIAHHOM TOUYHOCTH PEHIEHUS

H.B.Ckn6ungunit, T.FOinun

PaccmarpuBaerca pewenne 3agaum fiepeBoJa JUHEHHOr 0 AMHaAMM-
YECKOI'o 06'beKTa C M3BBECTHBIMY C TOUHOCTLIO [0 MHTEPBAJICH napame-
‘TpaMH B 3a/aHHoe cocroaHMe. OnpelesifieTcA MHOXKECTBO pelleHuid,
KayKA0e M3 KOTOPBIX TapaHTUPYeT 3alaHHYI0 TOUHOCThL NEepPeLoIa.

The wide class of control plants can be represented by models of the
form

® AX(t)+ BW(t). (1)
Y (t)=Cx(t), (2)
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nere X € R" is a vector of state variables: @ € R™ is a vector of

wher

puf variables: ¥ € RY is an output vector: 4 € R"*". B € R"*™,
R*¥*" are matrises which elements are directly connected with plant

C \ I

parzunctcrs.
LANT Accordingly to the plant tyvpe, and the way of transforming to the
E(l;'lf description in the state space. matrices A. B. C may have distinct foris.
UTION Then the problem of the control of a linear dynawmic plant with one
juput and one output under interval uncertainty in values of plant pa-
sameters is considered.
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(1) It is required to find a programming control ©v = u(#). transforming
an plant from the given state ')?(to) = X to the state X (t;) = X .
(2) guaranteeing in this case the minimum of the criterion
15
I= / u’(t)dt.
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In the case where description of the plant is known exactly an optimal
control has the form [1]:

u(t) = BT R()/2

where @ (t) is defined from the solution of the system of linear differential
equations

Z=Q7 (3)
with boundary conditions

X (t) =X,

' 4
?(tk) ;?ka ( )
where _Z+T=($1,---,xn,ala--'aan)’
Q= (A ?-S’T/z).
0 ~AT

It is known that if the matrix A has eigenvalues A;, 7 = 1,...,n.
then the matrix @ has eigenvalues \; and —);, i = 1,...,n, to which
eigenvectors Pp; € R?*™ and q’; € R*" correspond. Then it can be shown
that the optimal control has the form

n n
i) = Z bi Z 7iDinti€ " + wigjntie M| /2,

i=1 j=1

where pjnti, gjnti are (n + i) th components of vectors P ; and q;
respectively; r;,w; (¢ = 1,...,n) are parameters defined from equatior
(3)-

If true values of plant parameters are known up to intervals, that it
a;j € [ai'j,a;-'_;-], where ai_j,a}';- are known lower and upper boundaries o
the interval, then the matrix of parameters will be an interval matrix
and

A€ A(I) c M"*™(IR),
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Then we shall say that a system with interval parameters has simple
roots; if an intersection of intervals to which different parameters belong
gives an empty set,.

An interval analogue of the matrix @) has the form

_ (A b-BT/)2
o = (A PN ).

and its eigenvalues are defined by the equation

A = [ai], —[A] = =[ais], i=1,...,n,
and for every a;; € [a;] and every —a; € —[a:;] there are respectively
i € [/\i], -\ € —[/\,'] such that A\; = a;;, —\; = —a;;.

The eigenvectors P ;(I), q;(I) corresponding to the eigenvalues [);],
—[Ai] are found from the relations

BiD) = {Pi e B : (3 € W) (3Q € QU)) (@F: = M F)
T ={Tie " : @3- A e-N)EQ € QD) (@Ti=-NT:) }.

In the presence of interval uncertainty with respect to plant parameters
it is hardly reasonable to speak about solving problem in the sense in
which it is understood for correctly known parameters, since solving this
problem from the guarantee condition (4) is impossible because the set
of control actions guaranteeing the validity of (4) at any a;; € [a;;] will
be empty. Therefore, instead of (4) it is proposed to set the requirment
of the validity of the equation

X (te) € Xe(I) = X, X5,

where X' . X7 are given by an investigator from the sufficient accuracy

condition of the solution of the problem.

It can be shown that the set of control actions satisfying the condition

0, = {u € R : (VA€ A(I) (_x'*(to,tk,lA, U)e ?k(n)},
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will be of the form

i=1

Q, = {u ER :u= Zw;e‘*"'/z V€, A€ [aii]} )

where Q. is defined by the equation
Q, = {Z? € R": (VG € GU))(GT € ?(1))} ,
G(I) = (elvsltn=to)~leslto _ ~losdte) (a,] +[a]),

TU) = X p(I) = XoeDx=10),

This allows to reduce resolving problem of finding admissible control
actions guaranteeing desired accuracy on the finite state of the system to
resolving system of linear algebraic equations with interval coefficients

G =TT ()

and to defining the set ., which is sometimes referred to as its ”inner
solution”.

The set {1, represents a convex polygon with boundary hyperplanes
defined by the system of inequalities [2]:

max Gw <<t
GeaG(I)

min G& >7¢",
GeG(1)

Q, =

where ©~, ¢ * are boundary values of the vector ¢ (I ke

The set . can be empty when the uncertainty of system parameters
is so high that under the realization of the control on the plant, the
transformation with a required accuracy cannot be performmed. Taking
this into account we have:

- the necessary condition of the existence of the set can be formulated
in the following manner:

?z_ _ ?; > 1nax (EA(I)(lk—io) ] ?0) — 1in (eA(l)(ik—io) 5 ?0) ’
T T AeA(l) A€A() )
(5
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when the condition (5) is violated the interval and respectively the set
1, were found to be empty;
_ the sufficient condition of the existence of the set consists in the
validity of the equation

where the vector @ is a solution of the system of equations

Gowo = ?0
for Go = {(g:; + gl—_;) /2}11)(71,
@ = (o7 +ef) /2 (e + ) 2}
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