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GENERAL PROBLEM OF THE ASYMPTOTIC
STEADY-OUTPUT TRACKING FOR PLANT
WITH INTERVAL PARAMETERS

Elena M.Smagina

The solution of the output asymptotic steady-tracking problem with the
unmeasurable input and output disturbances rejection for interval parame-
ters plant is presented. The solving PI-regulator with the state estimator is
proposed. The general solving conditions for this problem is received. This
conditions are reduced to the analysis of the interval system controllability
and observability and to the restrictions for special block interval matrices.

OBIIIAS 3ANAYA ACUMIITOTUYECKOTO
CJIEKEHUSA 3A KYCOYHO-IIOCTOSSHHBIM
CUTHAJIOM IJ151 OB'BEKTA
C UHTEPBAJIbLHBIMU ITAPAMETPAMU

E.M.CMmaruna

[Ipencrasneno pelnenune npobieMbl ACUMITOTUUECKOTO CJIesKEHUS
A8 06'bEKTa C MHTEPBAJILHBIMM NIapaMeTPaMM [IPU HAJTUUYUM Heu3Me-
PAEMBLIX BO3MYILUeHMIt Ha BXxoJe M Bhixode. A peuiesua npoGiiembr
ncnonwsyerca IIU-perynsatop no oueHke cocToAHMUS. HMonyuensr o6-
ne yCJOBUA Pa3peliMMoCcTy npobiieMbl. DTH YC/I0OBUA CBOAATCH K
aHaJM3y ynpaBJ/AeMOCTU M HabJ1101aeMOCTU MHTEPBAJILHON CUCTEMBI
W OFPaAHUYEHUAM Ha CHEeUUasbHO ChopMUpOBaHHble GIOUHBIE MHTED-
BaJIbHbl€ MAaTPULbI.
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1. Introduction

The method of the multivariable PI-regulator designing to solve the
asymptotic steady-tracking problem for linear time-invariant dynamical
system having the constant parameters with a unmeasurable regulated
output and unmeasurable piece-step disturbances in the input and output
pad been considered in [1]. For this case the difference between the
regulated output estimation and the reference signal is used in the PI-
regulator structure.

Now we consider the similar problem for a linear time-invariant dy-
namical system with parameters being uncertained within some bounds.
The solving conditions for this problem have been received. This condi-
tions generalize the corresponding ones from the paper [1]. The present
paper is a continuation of the asymptotic regulation researches for inter-

val systems [2,3].
2. Problem statement

Consider the following linear time-invariant interval system

i = [A]z + [Blu + [E]w (1)
with the measurable output
y = [H]z + [Flw (2)
and a unmeasurable regulated output
z=[D]z (3)

where z € R™ is a state vector, u € R is an input vector, y € R',
z € R™. The vector w € R? is an unmeasurable disturbance, described
by the linear dynamical system

w(t) =0, w(t;)=wo =const, t#¢, i=0,1,... (4)

with unknown wg;. So, w is an unmeasurable piece-step function changing
during the system working in any time. The matrices (4], [B], [H], [E],
[F], [D} are interval matrices with elements having the following bounds:
aij = [@0ij, @bij], bik = [boik, bbik], hos = [hops) hbpils €is = [€0is) €bis);
fp& =.[f0p37 fbps]';dtj = [dOijadbtj],'ivj . 13" ce oy T k= ia ceea Ty (5)
p=1,...,l,s=1,...,d, t=1,...,m
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Let 20(t) = 29, 20 € R™ is the desired reference signal which is described
by the linear dynamical system

(6)

with the known zp(}). So, 2g is the measurable piece-step function chang-
ing during the system working in any time.

For the plant (1)-(5) it is required to find such a constant feedback
control that in the closed-loop system asymptotic steady-output tracking

(7)

is ensured for all disturbance w and all parameters changing within the
bounds (5).

20(t) = 0, 20(t}) = const, t # t1,1 =0,1,...

z — 2y, t— o0

3. Main result

We will use a feedback controller having the error zg — £ as input. It
has the form
(8)

(9)

where ¢ € R™ i € R™ is an estimation of the vector z,% = [D]z, Ky, K»
are constant feedback gain matrices which have the sizes r x n,r x m.

=2 — %=z — D],

u= Kz +_K2q,

In this problem we should estimate both the state vector x and the dis-
turbance vector w. For the estimating of the augmented vector [zT, w7)
we can-use the full order observer for the following model

-1 B [2)-
CIME

\‘For (10),(11) the general equation for estimation vector (7, &7) may be
written as

LE]=1%" W e+ w- caniene

(10)

(11)

w (12)
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where L is an (n+d) x! matrix, €7 = (2T, wT)—(2T,%7) is an estimating
error. It is easy to show that the vector € satisfies to the set of the
differential equations

é={[‘g g] —L(H,F)}e, (13)

where

Ac[d), Ec[E, HelH], FelF). (14)

If the system (13) is asymptotic stable for every matrix (14) then ¢ —
Qast — oo, le. T — .z, — w ast — oco. So, we should find a
constant matrix L ensured asymptotic stability of (13) for all matrix
(14). Construct the matrix L so that the all characteristic polynomial
[4] coefficients of the interval dynamic matrix of the system (13) would
be located inside the appropriate interval [p;],7 = 1,2,... ,n + d of the
assigned asymptotic stable interval polynomial

[P()] = 8"+ + [Putan]s™* 7 + ..+ [p1]s + [po]. (15)

For obtaining of the observer matrix L we can use the method proposed
in [5].

Then we should find the controller (8),(9) which we rewrite as

u =K, K] [“ ] = [K1, K [; ] — [K4, 0], (16)

¢ =29~ 2=z — [D]x+ ([D],0)e. (17)

Using (1),(16),(17) we can write the augmented closed-loop

1 [ o) [+ 8

q] ~0] 0 | lq 0
U o) [ ]

The constant matrix 'y, i’y in (16) should be found that the all charac-
teristic polvnomial coefficients of the interval matrix

Al +[BIK, [B]K» o
[HQH i )

(18)
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would be located inside the appropriate interval [5;]./ = 1.2,... .n + m
of the assigned asymptotic stable interval polvnomial
[P(8)] = "™ + [Brgi—i]s" " 4+ [1]s + [o)- (20)
For this purpose the same algorithin [5] can be employed.
It can be shown that for the united control system (18) and the error

estimation system (13) with the state [+7. 7. '] the following condition
Is satisfied ¢ — 0 as t — o hence = — 2y as f — x.

The analysis gives the following solving conditions of the problem:
1) pair ([A].[B]) is controllable. pair ([H].[4]) is observable.
2)r>2m, 1 >d,
3) from the columns of the interval rectangular matrices
-[b) o | [[E]" [F)
the following square matrices [Q,]. [@2] of the order 1+ m1. 1 4+ d can be
formed for which
0 & det[Q,]. 0 & det][Q.). (22)
Consider the problem of the asyptotic steadv-output tracking and dis-
turbances rejection for the following svstem

&= Ar+ Bu+ Eh(t). (23)
y = Hu. (24)
:=Da (25)

with the constant parameters and an wumcasurable disturhance hit). Th
elements of A(t) may change within bounds

mo; < hi(t) < mg;oi=1.... .. (26)

where n1;, my; are known constants. The functions h; = h(t) satisty the
differential equations

.

h,i = (). g, S II,'(/U ) S Hy,,.
It can be shown that the system (23) (25) 15 deseribed equivalent]v by the
system (1) (3) with the constant warrices (4] = 4. [B] = B. [H] = H.
[F] =0, [D] = D and [E] = E[M] where E is a constant matrix and
I4\I]=rliilg{[;rJ|],[ln-_)].... Jdma]} is a diagonal matrix with the interval
diagonal elements [n;] = [0 1m1,). For this svstem the condition (21
may be formulated as: 0 @ [im ][] .. [m).
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