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Robust control for generalized interconnected systems

with similar structures
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Abstract: Two kinds of similar structures for a class of generalized interconnected systems with nonlinear interconnections

are defined. There are uncertainties that do not satisfy the matching condition in the interconnections. Sate feedback robust con-

trollers are designed so that the interconnected system is asymptotically stable. Since the controllers also possess similar struc-

tures, they are easy to perform.
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1 Introduction

Generalized interconnected systems consist of many
subsystems with interconnections. This is a special case
of large-scale systems. They are important in large-scale
systems and exist in the fields of aerospace, chemical in-
dustry, administration, etc.

This paper based on the studies for generalized sys-
tem'' “*! and similarity!*~5!; and similar structure for a
class of generalized interconnected systems with nonlin-
ear interconnections is defined based on sate feedback
and restricted system equivalence. The interconnections
of the systems in this paper are nonlinear, do not satisfy
matching condition and contain uncertainties.

2 Description of the systems

Consider the following generalized interconnected sys-
tems

Ei%; =Ax + Bilu; + fi(%,1) + gi(%,0)] +

hi(z;,t), i =1,2,,N, (1)
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where x; € R®, u; € R™ are state, control input of i-th
subsystem, respectively; E;, A; € R**" and B; € R**™
are constant matrices, rank E; < n;

% = col(xy, %0, %51, %ig1s " N s
fi(%;,t) are known matching interconnections, g;(%;,
t) are uncertain matching interconnections; h;(%;,t) are
uncertain unmatched interconnections. We assume that

£i(0,t) = 0,£(0,¢) = 0,
h(0,t) = 0,i = 1,2,-+,N.
We have the following fundamental assumptions for
systems (1) according to [2] and [3]:
Assumption 121 For arbitrary initial conditions
Ex and arbitrary control inputs u;, systems (1) are reg-
ular.

Assumption 2 The set of compatible control in-

. puts of systems (1) is nonblank.

Definition 2.1 System Eix'i = Aixi + B,-ui( ( Ei ’
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A;, B;) for simplicity) is called the i-th nominal sub-
system of systems (1), ¢ = 1,2,-*+, N.
3 Similar structure I & controllers
Definition 3.1 We call systems (1) possess simi-
lar structure I if there exist matrices £,A4, B, K; and
nonsingular matrices T;, S; so that
TES; = E,
T.(4; + BK;)S, = A,
TB, = B,
{ =1,2,--,N.
Meanwhile, (T}, S;, K;) is called the similar perimeter
of i-th subsystem.
Remark 3.1 If condition (2) holds, then there ex-
ists proportional state feedback

(2)

u = Kz; + v;, i = 1,2,,N, (3)
so that the closed-loop system of (3) and (2) is
E;%; = (A; + BK;)x + B;v;. (4)
Making nonsingular transformations
x; = S&
and premultiplying T; on both sides of (4), we have
E¢ = A& + By, (5)

which is denoted as (E, A, B).

In the discussion above, Definition 2.1 means that the
nominal subsystems (E;,A;, B;) are restricted system
equivalent after proportional state feedback. It is well
known that proportional state feedback cannot change
stabilizability and impulse controllability of a linear gen-
eralized system, so we have the following:

Proposition 3.1 If systems (1) possess similar
structure I and a nominal subsystem ( E;, 4;, B;) is sta-
bilizable and impulse controllable, then system (£, A4,
B) is stabilizable and impulse controllable.

We assume system (5) is stabilizable and impulse
controllable, then there exist matrix K and nonsingular
matrices T, S so that

I, 0
ms - ("9
0 0

Agy O
T(A + BK)S = ,
o I,
where I, represents identical matrix with order r,r =
rank E, A(y) is a stable matrix. Hence, for any positive

definite matrix ) with order r, the following Lyapunov

equation
ATyP + PAg) =- Q
has unique positive definite solution P. Let

. Ty
T,: = TT,: = ( ) ]
Ty

g1 _ g-lget (Si(l)) ’
' Si@)

where T;(1), Si1) € R™".
A (*) and A, (¢ ) denote the maximum and mini-

mum eigenvalue of positive definite matrix, respective-

ly, |l * |l denotes the spectral norm of matrix, ; de-
notes the arbitrary scale that satisfies
0<a < 2 P .
4 (PN TN - I

We design controllers for systems (1) as follows:
w=u+ddead, i =1,2,,N, (6)

where
u{ = (K, + KS,TI)x,-,
uzl, = - ﬁ(ii’t)’
u? =
BIT}) PSiy xi
I BTTT(I)PS-(I)x- T pi(Ex;), B;TT.T(l)PSi(l)xi # 0,
0, BT PSipyx: = 0.

Theorem 3.1 The closed-loop systems of ¢ robust
controllers (14) and systems (1) are asymptotically sta-
ble if

1) Systems (1) possess similar structure I3

2) A nominal subsystem ( E;, A;, B;) is stabilizable
and impulse controllable;

3) There exist continuous functions p;( +) that satisfy
pi(0) =0, || Agi(%;,2) | < pi(Emi)s

4) I ar(z,t) | < ol Emi .

Proof Omitted.

4 Similar structure II & controllers
Definition 4.1 We call systems (1) possess simi-
lar structure II if there exist matrices £,A4, B, L;, K; and
nonsingular matrices T, S; that satisfy
T,(E; + BL)S, = E,
T;(A; + BK;)S; = A, (7)
TB; = B, i =1,2,+,N,

Meanwhile, (T;, S;, L;, K;) is called the similar perime-
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ter of i-th subsystem.

Remark 4.1 By Definition 4.1, if condition (7)
holds, then there exists derivative-proportional state
feedback

u; = - L% + Kxj + v, t = 1,2,-,N, (8)
so that the closed-loop system of (8) and (1) is
(E; + BlL;)%; = (A; + BK;)x + By, (9)
Making nonsingular transformation
x; = Sz
and premultiplying T; on both sides of (9), we have
Ei; = Az; + By, (10)
which is denoted as (E, 4, B).

By the discussion above, Definition 4.1 means that
the nominal subsystems (E;,A;, B;) are restricted sys-
tem equivalent after derivative-proportional state feed-
back. Meanwhile, if (7) holds, then

rank (E,B) = rank [ T;(E; + BL;)S;,T:B;] =

S; O
rank Ti[(Ei+BiLi)7Bi](O I):

I, 0\/S; O
rank T,'(Ei,Bi)( ( ) =
L, L/I\O I,

rank (E;, B;),
so we obtains the following:

Proposition 4.1 If systems (1) possess similar
structure II and a nominal subsystem ( E;, A;, B;) is nor-
malizable, then system (£, A, B) is normalizable.

Furthermore, we know from [ 1] that derivative-pro-
portional state feedback cannot change stabilizability of a
linear generalized system, so we have the following:

Proposition 4.2 If systems (1) possess similar
structure II and a nominal subsystem ( E;, A;, B;) is sta-
bilizable, then system (E, A, B) is stabilizable.

We assume system ( 10) is nomalizable and stabiliz-
able, then there exists derivative-proportional state feed-
back

v; =-Lz; + Kz; + w,,
so that
rank (E + BL) = n
and the closed-loop system
(E + BL)Z; = (A + BK)z; + Buw, (11)
are stable. Here w; are new control inputs. Premultiply
T = (E + BL)™!

on both sides of (11) and denote
A = (E+BL)™" (4 + BK),

we obtain

%4 = Az + TBw,, (12)
where A is a stable matrix by the stability of system
(11), hence, for any positive definite matrix Q with or-
der n, the following Lyapunov equation

ATP+ PA =-¢Q
has unique positive definite solution P. Let

T, = TT,,
B; denote the arbitrary scales that satisfy

Q . —T X .
B <IN TS0

We design controllers for systems (1) as follows:
u, = ub 4wl ud, i =1,2,,N, (13)

where
ul = - (L + LSTH% + (K + KS7Ha,
u% = _ﬁ(ii’t)i
BIT'PS7'; N
w2 = |~ TBITIps;y, 1 (105> BiliPSTx 0.
0, BTPSiYx; = 0.

Theorem 4.1 The closed-loop systems of ¢ robust
controllers (13) and systems (1) are asymptotically sta-
ble if

1) Systems (1) possesses similar structure II;

2) A nominal subsystem ( E;, A;, B;) is normalizable
and stabilizable;

3) There exist functions p;( ) that satisfy

Il Agi(ii, t) |l < p,-(x,-);

4) |l ari(zi, )l < Bill % Il , where B is deter-
mined by (15).

Proof The derivative of Lyapunov function

V= ZNj % Px;
i=1
for the closed-loop systems is negative definite if 1) ~4)
hold.

Remark 4.2 Consider controllers (6) and (13),
u! and u? possess similar structures for the existence of
similar parameter (T}, S;,K;) or (T;, S;, L; , K;)

5 Conclusion

From the research that the similar structures of systems

led to the similar structures of the controllers, the design
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of the systems can be simplified.
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