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ON THE METHOD OF STATE INVARIANCE

NGUYEN CANH TOAN & DO VAN LAP

)

Abstract. This paper develops a lena-kumpati methodology for the design of adap-
tive conlrol systems which guarantee the state invariance of the plant although there
s mvariance in its work condition.

0. INTRODUCTION

The necessity of the model for the elasstical adaptive control which was introduced
by Gutkin and by Craxovski [4, 5] and for the estimate adaptive control which
was introduced by Williamson and by Lena-Kumpati [6, 8] implies that the state
equation of the plant is not enough to solve a problem of the adaptive control and
that in order to solve this problemn it is necessary to introduee some new equations
or some new conditions for an adaptable property of the given plant.

The real control plant in general is varying. Therefore there is always a different
between the real state of the plant and its given resquisite state in its standard work
condition chosen for the design. '

The aim is, lossely speaking, to construct the adaptive control system which guar-
antees the state invariance of the plant and stabilizes its dynamic process although
there is invariance in its work condition. And an expected new equation will be
established analyzing these requirements.
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I. A DYNAMIC ASSOCIATION EQUTION

Examine the main aims of the Lena-Kumpati adaptive control to obtain an ex-
pected new extensive state equation.

1.1. The condition for the state invariance

Consider the linear control plant described by differential equation

n r—1 s
y(n) + Zaiy(n—i) — ijf(r—l—j) + chd(’_k), (11)
i=1 j=0 k=0

where y denotes the coordinate of the plant, f denotes the control exister, d denotes
the external disturbance exister, and the coefficiants a;, b; and ¢, depend on the set
0 of the variant dynamic I-characteristics of the given plant.

Note [13 2]
W =, i=1,2,.0m,
OV =y, j=1,2,0,m

from (1.1) to obtain the state equation of the plant

z= Az + Bu+z, (1‘2)
where .
z = (a), 29, ~--v1'n)7
u=(uy,ug, .., 'Ur)T

2= (0,0, 00 20)7 (1.3)

S ]
= Y k=g cpds™H)

n x n-matrix 4 and n x » matrix B have the shape

0 1 0 0
o 0 1 .0
A= ... (1.4)
0 0 0 1 ]
—dp  —Qp-1 —Up_2 —ay ¥
0 0 0
B = 0 0 0 (1.5)
T O

In the real condition the state of control plant is always different from its given
requisite tate in its standard work condition chosen for the design.
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In the standard condition
® =0, = constant

then
z = z.(t),

therefore the requisite state is achieved

4
3

- z = z.(t);
the optimal control must be also achieved
U= Ugpr = Ue(l)

and the state equation (1.2) of the plant becomes =

2. = Acze + Beue + 2z, ) (1-6)
where
A, = Ale, = const,; B, =Be, = const.

In the real condition
046,

therefore although before the control u enough time to change, i.e.

-

E=RTR
'the state of plant and the disturbance are varied

I:,ézc:
2 # z.

These varied vectors can be always written

0=0.+A0

2=z, + Az (1.7)

r==z.+ Az
Let such available control r-vector ¢ can be formed so that with
u=1u.+ . (1.8)

The state of the plant becomes invariant in comparision with its requisite state
although there is a variance in the work condition of the given plant.
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The Lena-Kumpati state invariance o0f the plant
z=Az+Bu+z

means that [8]

Jim =0 (19)
is derived, noting : . .
‘ Az =p. . ©(1.10)

Use (1.7) and the fact (1.8) in (1.2), with (1.6), to obtain

i—d.= Az — Az + Acz — Acze + Bu — Bou + Bou — Bee + 2 — 7,
Az = A Az + B, + NAz + ABu + Az.

or, with (1.10),

{p;Acp+Bc¢+z,, : (1.11‘)

2z, = AAz + ABu+ Az

The state equation (1.2) of the plant then can be also written as
= Az + Beu+ z.

Noting
ze = AAz+ ABu+ 2

and AAz + Bu is some parameter disturbance.

Next, only the case, when the plant is assumed to be observable and all the signals
in the plant are uniformly bounded, will be examined, (when the plant signals cannot
be assumed to be uniformly bounded neither approach works directly and special
analysis is needed).

Choosing nx n-matrix B arbitrarily from (A B) with as small as possible m, provided
B?' =0

cannot occur for any ¢, i = 1,2,...,1, where . -

v

go . 9B

= —|e, = const
° =35l :

and according to the special shape of the vector » (1.3-3) and ofnatrices A (1.4) and
B (1.5), fqr the pair of given values B{®*)v and oy, such value A8, can be defined

that, with B{®*)v # 0,

CBOYAL = (0.0, 00)T, k= 1,2,.1 (1.11a)
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is always satisfied, where v is m-vector chosen appropriately to B from (z,u)7;

O = ( ( ")wnu -i+ Zb(?k)ur—j + Z,(.c;)"_)) AO;
i=1

af® = 9%, ) %, (@).__3ﬁ|
i 90 e Y5 ©:) Zne 50 O,

Then it can be seen that
Z;::l Ok = Zsn -

s = = Ll Adiznsii + Tj 2 Abjur; + Az (1.11 b)
(010)'-')zsn)T = 2.
According to (1.4) >and (1.5) matrix B!®) can be written as

B(® = 5O

where b is n-vector, and

b=(0,0,..,1)T,
0P
(9) _
23 ae|@ = com.st
¢ 1s m-vector which has been defined from
[(—an ~Ap-1 ... —dl)TjI
- , (bro1 ez ... bo)T

choosing matrix B.
According to (1.4), (1.5) and (L.11a), (1.11b), substitute
B.p = B vw = b0 v

2y = b0 T yA0, ' (1.12)
¢ =0 (w+ A8,)

from (1.11) to obtain
p =Acp + B®vw + 2, (1.13)

or, since &7y = vTH(®),
p=Acp+bvTg, (1.13 *)

when r-vettor ¢ has the shape as r-vector u, i.e. .

30:\(@},802,...,801-)’11
Pi = d)(i_l)) 1= 1:2)_"') L)



where ¥ is some function of time which will be defined by (1.12-1) through I-vector

w, 1.e.
r—1

Zbicsr—l—iw — dei(ce)w /
1=0 .
'bic = bil@c) = 1)2) ey T
I
Ow =Y dw;,
i=1
@ = (6611662; "')eeI)Ty
w is I-vector which is going to be defined next.

The equation (1.13), or (1.13 *), is called centralized state equation of the plant,
and m-vector w can be assumed to be the control of this centralized process. This
control vector must be defined according to the condition for state invariance.
Remark

In the case if . -

b(e',) =0

cannot occur for any i, i = 1,2,...,I, where

© _ Ot |
r—lc — 50 c

then m-vector v must be .
v=u; = f, (1'14)

i.e. v is control scalar, and therefore
m=1

when n x m-matrix B is chosen as

B =(0,0,...,b,_1)7
therefore
0
0 S}
e
b2,

and the controlized state equation (1;13) and (1.13 *) become -
p=Ap+ b2 bfw+z, - (1.13a)

and ‘ o _ , | _ .
p=A.p+bfg, - (1.13 *a)

where |

g = 0% (w+ A0,).

r=le
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2. In the case if
B(®) =0

cannot occur for any i, i = 1,2,...,/ only when
B=(A B)
therefore the chosen appropriately to it vector
M
v =
u

S
then the centralized state equation (1.13) and (1.13 *) of the plant have the shape

p=Ap+ (A(ce):c + B,E.e)u)w + 2z, (1.135)
and
p=Ap+bvTyq, (1.13 *b)
where
q =909 (w+ A0,) :
_ (—-an —dp -1 N —(ll)T ]
2= [((br—l b2 ... bo)T
0P
(%) = 30 e
and according to (1.11-2)
‘ zy = (AEG):::-FBEe)u)A@—I—Az. (1.11-2a)

-

Proposition 1, for the state invariance

If

tlim g=20
occurs, a state invariance of the plant with its centralized state equation
p=Ap+bvTg

will be derived if and only if every real part of all of eigenvalues of matrix 4, is
negative.

. Actually, with

i.e. with an enough great ¢,
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must be derived, then system
p=Ap+bv'q

becomes a linear homogeneous dynamic system
T p=Awp, t21t.

And it is well known that for this system

or

lim p=0, (1.9%)

l.e. a state invariance is derived, if and only if every real part of all of eigenvalues

of the matrix A, is negative. .

This proposition is same condition for the Lena-Kumpati adaptive property of the
given plant. '

The control w in the system
p= A+ Bge)w + 25
must be defined according to the condition when matrix A. is Hurwitz and

tlﬂgo q=20.
The control w delined in this Condition is called an adaptive algorithm. And the
dynamic system with such algorithm w, then is said to be an adaptive control process.

The adaptive control process which guarantees so that

lim p=10
1= 00

¥

occurs is called Lena-Kumpati adaptive process. The the control w of the dynamic
centralized system

p=App+ B,(:@)vw + 2z,

of the plant is called Lena-Kumpati adaptive algorithm.

Remark
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In the case when
Az =0,

from (1.12-2 a)

s = (Age)x + Bge)u) AO

4 2z = (Ag@mg@)) [“’] A©
- u
z, = B{®vAO. (1.11 = 20b)
from (1.11 a) and (1.11 b)
5, = B®AO, (L.11 ¢)

If (1.11 ¢) is compared with (1.11-2 ¢) we can see that
AQ, = AO

therefore, from (1.12-3),
¢ = oW + A0).

Then the state invariance can occur if with the great enough ¢,

-

Le.

T

It means that in the case, when

B = (A, B),
z
ul’

U)

the state invariance will be derived if —w is plant parameter error estimation vector.

v
A

I.2. A stability of the adaptive dynamic process

In this section couditions which have to be satisfied for the Lyapunov's stalbility
theory to be successfully applied to adaptive controlers are examined.

Proposition 2, for a stability



48 Nguyén Canh Toan & Do Van Lap

If there exist some real positive definite n x n - and m x m - matrices P and @ such
that the equation

§=-Q b Pp

holds at each time, then an adaptive dynamic process, with the centralized state
equation

p=Ap+ vaq

will be asymptotically stable about zero in an extended state space {¢,p} if and only
if the matrix A, is Hurmitz.

A control plant, with a control w,
p= A'cp + BC@)vw + Zs,
or a centralized dynamic process
p=Ap+ b7y

in the condition :
i=-Q b Pp . (1.14)
can be examined as a diametral dynamic process

{ p=Ap+ [)117;(1

: L1
g=-Q 'wb" Pp (1.15)

And this process [1, 2, 4, 5, 9] will be asymptotically stable about zero in an extended
state space {p, ¢} if its extensive Lyapunov energy assumed to be the Lyapunov
function candidate £ — 0 as t oo, where ‘

E=pTLp+¢"My ) (1.16)

and L and M are some positive definite n x n and m x m matrices.

The main problem counsists of {inding a monotonic norm.
A condition for asymptotic stability can be obtained [1, 2, 4, 559] if

‘E<0 _ (L17)

is always satisfied.
Xem tiép s6 2, 1995



