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Abstract: Similar structure of generalized composite systems is defined for the first time and the discriminance is given.
So the new concept of similarity is proposed. Robust controllers for the system are designed so that the generalized composite
systems are asymptotically stable. Since the controllers also possess similar structures, they are easy to perform in engineering

practice.
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1 Introduction

Similar structure for a class of generalized composite
systems is firstly defined based on the research of gener-
alized systemm and similarity[z"‘] , SO new conception
and new research region of similarity are presented here.
The uncertain interconnections of systems discussed in
this paper are nonlinear and do not satisfy matching con-
ditions. A simple method is given that can find out the
similar structure in generalized composite systems. Ro-
bust controllers are designed so that the composite sys-
tems are asymptotically stable. We know from the re-
search that the controllers also possess similar structure,
so the controller design is largely simplified.
2 Description for the similar structure

Consider the following generalized composite systems

Ez; = Ax; + Bilu; + H(x) + AH,(x)] +

N
> @(x), i = 1,2, N, (1)

jelijmi
where x; € R", u; € R™ are states and output of the i-
th sub-systern, respectively; E;, A; are constant matrices

of order n,rankE; < n; B, are constant matrices of order

N
nx m;H(2) € Va(Q), 2] (%) € Va(Q) and
j=lijwi
AH;{x) are matching interconnections, non-matching

interconnections and uncertain matching interconnec-
tions, respectively, here £2; is a neighborhood of x; = 0,
2 = 2, x 2, x *** x {2y is a neighborhood of x = 0,
V() is smooth vector field with dimension n defined
on {2, x = col(x;,%,, ", xn). We assume that H;(0)
= 0,P;(0) = 0,i = 1,2,*,N,i s j and each sub-
system is regular. Systems E;%; = Ax; + Bu; are simply
denoted as (E;,A;,B;),i = 1,2,-*,N.

Definition Systemns (1) are called similar general-
ized composite systems, or possessing similar structure,
if there exist matrices L;, F; of orders m x n and nonsin-
gular matrix T;, S; of order n, so that

T(E; + BL;)S; = E, T.(A; + BF;)S; = A,
{ TB; = B, i=1,2,-,N,
(2)
and (T;, S;, L;, F;) is called the similar parameters of
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i-th sub-system, ¢ = 1,2,--, V.

3 Discriminance for the similar structure
Theorom 1 Systems (1) possess similar structure,

if all (E;, A;, B;) are single input and controllable.
Proof We can obtain the similar parameters ( T}, S;,

L;, F;) satisfying (2) according to theory of linear sys-

tems and singular linear system, while

0 0 0
A = : .n .o , B = -
0 - - 1 0
0 0 0 0 1

4 Design of robust controllers

During the proof of Theorem 1 (A, B) is control-
lable, hence there exists m x n matrix K so that (4 +
BK) is stable, and for arbitrary positive definite matrix
Q, Lyapunov equation (A + BK)"P + P(A + BK) =
- Q has unique positive definite matrix solution P.
Since @;(z) € V 2(2),8;(0) = 0, there exist
smooth functional matrices R;(x;) according to [5] so
thatCD,;(xj) = R,;(xj) s xi,i,f = 1,2, ,N, i % j.
et W = (w,;(xj)),vx,v, while
1, 1=,

— 224((Q"1)TPTR (%) S;'Q77), i » J,
where Ay () denotes the maximum singular value of
matrices. et || « || be the Buclid norm of vectors.

Theorem 2 Systems (1) could be robust stabilized
under the following conditions:

i) (E;,A;, B;) are single input and controllable, i
1,2’.-.,N;

i) | H(x) | <a(x), laH(x) | < p(x),i
1,2,---,N;

iii) WT(x) + W(x) is positive definite on £2.

Proof Theorem 1 holds according to condition i), so
there are similar parameters ( T}, S;, L;, F;) that satisfy-
ing (2). Then the closed-loop systems of systems (1)

wy(x,)={

and controllers
u; = u?(x) + u{(x) + u%(x)y L = 1727'“7N

(3)

are asymptotically stable on {2, where
ul(x) = - Liz; + (F, + K) S;x;,
ul(x) = - sign[ (S; + x;,)TPB]A(x),
ul(z) = - sign[ (S; + %;)TPBlp(x).
Remark We know from (3) that N controllers have

similar structure, difference among them lays on L;, F;,
S;»A(x),p(x), so the design of controllers are simpli-
fied.
5 Simulation

Consider generalized composite systems consists of
two subsystems

(90

S R [
(2) 0. 2x3sinx3) |
()

(_39 -12)(:) * (0?5) (uz +

(xl) 0.0lee"’l')
X2 ’

0.02x,e™ ' %!
Il AH (2} | <070 =1,
| aH(x) | <0.21 =1l ,
0. Isinx, 0
- ( 0 0. lcosx4) ’
0.02ze”' %! 0
2T ( 0 0.0sze"’z')

0.3

+ AH (%)) + (

0. 1x4cosx4

0.4 + AHy(x)) +(

where

=
=

“lo 1

the solution of Lyapunov
1.1167 0.0833
(0.0833 0.1167
Si'l < 1, so (W + WT) is positive definite. Design
u = (1 3Nz - (5 23)x,
ul(x) = u¥(x) =
- sign(0.0833x; + 0.4499x,) || x || ,

equation is P =

) Au[ PT\R2S5'] + Ayl PTyRy
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ud = (5 -1)x, - (18 4)x,,
up(x) = ui(x) =
- sign(0.5167x5 + 0.1167x4) || « || .
We can obtain the following figures of state responses,
where initial values are x§" = (-0.3 0.2 -0.1
-0.2)Tand % = (-0.6 0.2 -0.1 -0.2)7T,
respectively .
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Fig. | State response under initial value x(()l)
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Fig. 2 State response under initial value x(()z)

6 Conclusion

Similar structure of uncertain generalized composite
systems are defined in this paper, so the research of sim-
ilarity is extended into generalized composite systems.

Robust controllers possessing similar structure are de-
signed for the controlled systems. Compare with the
common control of composite system, we only need
solve one Lyapunov equation, so the computation is

largely simplified.
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