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Interval parameter’s identification of the linear
dynamic system on the basis of interval data

M. Dyvak, P. Stakhiv, I. Calishchuc

Abstract— The task of interval parameter’s
identification of linear dynamic system is considered.
Possibility of application of calculation procedures of
parameter’s interval identification of the static system
for the decision of this task is shown. The method of
parameter’s set identification of the linear dynamic
system in form of multidimensional ellipsoids is
proposed.

Index terms— interval analysis; interval parameter’s
identification; dynamic systems; interval data.

I. INTRODUCTION

OR researching of electrical circuits the dynamic

models usually are constrain. In this case the

tasks of parameter’s identification of dynamic
system are solve. Last time for identification of
parameters both static and dynamic objects interval
approach is use. This approach do not require of
researching of errors in the channel of measuring.
Upper and lower bounds of experimental data —
interval data is needed only. For parameter’s
identification of static objects the high efficiency
calculation methods on the basis of selection of the
saturated interval data blocks of experiment are
developed now. Therefore development of method of
interval parameter’s identification of the dynamic
systems on the basis of application and modification
of existent methods of parameter’s identification of the
static systems is actuality.

II. STATEMENT OF TASK

We will consider a linear dynamic object, which is
described by the system of the discrete equations:
X =G X +Q-U,, k=12,..., (1)
Vi1 =C - X + 8y, k=12, (2)
where X, € R™ is the state variables vector of the
system in k discrete time; U, e R" is the input
variables (“controls”) vector in k discrete time;
V.1 € RP is the output variables vector in k+1

discrete time; G, Q, C -matrices with unknown
elements, which must be identified;

— T .

€1 = (Bkqr, 1o €kt ivees B, p) is the random
bounded errors vector, which in k+1 discrete time are
measured.

Lets the known maximal amplitude of these errors
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lex|<AA>OVK=12,.... 3)
Not in contempt of generality we are assumed:
C=I - singles matrix, then p=m and we will

consider the system with the scalar control, that is

~ 0
U, = (0,...Uk)T , Q:[WJ

Then systems (1), (2) we can write down in such
kind:

X =0 Xt ot 0 X+t 0y, 0 X

1,k+1 m,k

Xk = Qig X Hoee 0 - X Tt G - X 4

Xm,k+l = gm,l : Xl,k +o.t gm,i : Xi,k +..t gm,m : Xm,k + q 'uk

Vit =%t +€rs [Ben| SAA>OVK=12,..  (5)

Estimation of elements (parameters of dynamic
system) of matrices G and Q on the basis of the data of
experiment (interval data) is the basic task of interval
parameter’s identification. These data got as a result of
realization of scalar control and measuring state
variables with the bounded errors:

Uy — Dﬂ;—l > il:;l] > (6)
where X, =X, —i-A and X, =X +i-A,
k =1,2,... are lower and upper bounds of the assured

interval of state variable vectors; 1 is the vector, all

components of which are “1”.

III. METHOD OF INTERVAL PARAMETER’S
IDENTIFICATION OF DYNAMIC OBJECT ON THE
BASIS OF SELECTION OF THE SATURATED
BLOCK OF EXPERIMENT

Using the data of experiment (6) system (4), (5) we
will rewrite in such kind

~ ~ - +
Xkt SO X X+ 4G m Dk Xni S Xt

Xk S G Do Xk - 4G5 m D Xk <Xkt k=12,...

Kokt < Ot DXk Xk -+ G Dok Xk 10U <X
@)

From at each i row of the system (7), for k >m, we
will get K interval equations which allow to conduct
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identification of coefficients of matrix G, that are
found in i row.

Let’s consider the system k=m of the interval
equations, got on the basis of m row from the system
(7):

Xt < Oy (X105 X1+ Omm (X0 Xmo 1+ Ug < Xy

- . - +
Xkt S O D X J -+ Omm DXt X J 9 Ui < X

Xr;,m < gml '[Ximaletm]"'"-"'gmm '[Xf;,m’ Xf;,m]"'q'um < XrJrer
(®)

The interval system of linear algebraic equations
(8) is similar to the systems built on the basis of
interval data at solve of tasks of parameter’s
identification of static system models by the method of
selection of the saturated block of experiment [2]. In
the interval analysis the properties of this system are
researched. In particular, is known [2]: in space of
coefficient’s estimations G, =(Jp s> Gmm) the
total solution’s set of the system (8) is not convex

polyhedron (see an example for the case of m=2,
resulted on fig.1).

Fig. 1.

The total solution of the interval system (8) is the
union of 2™ solutions — the m-
parallelepipeds O, p =1,....2" " (see fig. 2. for m=2).

dimensional

Every m- dimensional parallelepipeds €, is the

solution’s set of the interval system combined from
system (8) by using one from 2™™ combination of

lower or upper bound of intervals
[Xijk’ Xitk],i = 1,...m, k = l,m .

9,

Fig. 2.

Taking into account lemma 1 from work [2], for the
got solution as a parallelepiped there is the optimum
assured estimation as a m-dimensional ellipsoid:

Qup ={n &Rl Gn ~Grp)" - XD -E2 X, (G ~Grn) =M ©)
where X is the matrix, built from the lower or upper
bounds of intervals [X;,Xy],i=1..mk=1..m, for

example, matrix X p can write down in such
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_ + _
X1,0 ER] Xi,0 2y Xm,O

- - +
Xp = | X ks Xigores Xm ok
+ - +
X mseees Xiomoeees X
Tmp = X 51 - Xy, 1s the center of ellipsoid;

_ _ \T
kil = (0.5~(me1 + X1 )eens0.5 - (X +X$,m)) ;
E = diag{0.5- (X, = X )05+ (Koo = Xin)-

Formal estimation of solution of all system (8) can be
written down as a union of m-dimensional ellipsoids

©)
Q)= R GG X E2 Xy (G ) <
X, e[X] (10)

where

X1

- + — + - +
(X105 X1 01--[X 05 X 0 ]-+-[Xm.05 Xm.0]

o o, B
[ Xk 3 DX ks Xk J- DX e Xk ]

- + - + - +
[Xl,mv Xl,m]m[xi,mv Xi,m]m[xm,ma Xm,m]

Fig. 3 illustrates for m=2 estimation of solution’s
set of the system (8) as a set (10).

Q. (X,)

9.,

Fig. 3.

Using the got solution (10), the m equation from the
system of equations of dynamic system will have such
kind:

[Xr;,kﬁ-l ; XrT1,k+k 1=

min G [Xe, X 1+

Gm»A€Qm (X p), Xy e[ X]
+q-U; max G [%ic . X 1+9-u]
Gm-4€Qm (X ), X pe[ X]

IV. CONCLUSIONS

1. The analysis of task of interval parameter’s
identification of the discrete linear dynamic systems
showed its similarity of task of parameter’s
identification of the static systems. Both tasks are
erected to finding of solution of the interval system of
the linear algebraic equations.

2. The method of interval identification on the basis
of selection of the saturated block of experiment is
offered. It is allow get the assured parameter’s set of
dynamic object as an aggregate of ellipsoids. For
realization of the offered method algorithms and
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calculable procedures of interval parameter’s
identification of the static systems are suitable.

REFERENCES

[1] E. Walter, H. Piet — Lohanier, “Estimation parameter bounds
from bounded-error data”, Proc. 12-th IMACS world congress,
Paris, 1988.

[2] A. Voshinin, M. Dyvak, “Design of saturation experiments in
taste of synthesis of interval models”, Industrial laboratory,
Nel, 1993, p.56-59.

[3] V. Kuntsevich, M. Lychac, “Control in case of indetermination
(synthesis of the adaptive systems of control)”, Automation,
Ne5, 1987, p.16-26.

68



