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Decentralized Robust Stabilizing Control Design for
Interconnected Time-Varying Uncertain Systems
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Abstract; For a class of interconnected uncertain systems, which are time-varying and assumed to satisfy the matching
conditions, a sufficient condition for decentralized stabilization feedback control laws is presented. This condition is offered as the
solvability problem of linear matrix inequalities (LMIs) . Based on that, a convex optimization problem with linear matrix in-
equality (LMI)constraint is formulated to design a decentralized state feedback control with smaller gain parameters which en-
ables the closed-loop system to be asymptotically stable.
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1 Introduction

In recent years, decentralized control for intercon-
nected large systems has been attracted much atten-
tion'") . Since the models often contain uncertainties, ex-
pected performance can not be obtained if the controller
designed is only based on nominal model. So the robust
stabilization for uncertain interconnected large systems
has given rise to a lot of attention®~ ") However, in the
above papers, the sufficient conditions are given in Ric-
cati equalities or inequalities, which require the preselec-
tion of many parameters. There exist complex computa-
tion and inconvenient implement.

LMI method has been paid great attention to for its
high solvability and becomes an effective method for ro-
bust analysis and synthesis[g’g] .In this paper LMI method
is used to study the decentralized stabilization for time-
varying uncertain interconnected large systems, which
overcomes the drawbacks of Riccati approach. There are
few reports about drawbacks in recent papers.For a class
of time-varying uncertain interconnected large systems,

which satisfy the so-called matching condition, the suffi-
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cient condition for decentralized state-feedback stabiliz-
ability is given and a convex optimization method for de-
signing controller with smaller gain is proposed too.
2 Problem description and lemmas
Consider a class of time-varying uncertain intercon-
nected large systems L with N subsystems L;. The sub-
systems can be described as follows
Liix;(t) =[A + BAA(r () 1%, (2) +
[B; + B,AB;(s;(t)) Ju;(t) +

N
E BiHU(xj(t>’t)’

j=liwi

) %, RN (1)
where x; (¢) € li" is the state vector, u;(¢) € ™ is the
control vector, A;, B; are nominal matrices with suitable
dimension, AA;(r;(t)),AB;(s;(t)) are continuous un-
certainties on r;(¢),s;(¢) with the compatible dimen-
sions as A; and B; ,the form of uncertainties implies that
they satisfy the matching conditions. Hj; is the intercon-
nected matrix of the jth subsystem to the ith subsystem,

the interconnection can be nonlinear.



906 CONTROL THEORY AND APPLICATIONS

connected system which contains two subsystems where

. -1
Ll:xl(t)z-—l-{-rl(l) rl(t)] [1+ l(t)]
r(l)] [ sinwy  cosxgy] [ 5],
) -3
Tzl Sloe @ —1+r2(t)] [1+ 2(t>]
[?][sinxlz cosxpp] [2%,],
where
| n()<0.5, [r()|<1,
|s1(t)|<0.4, ‘sz(t)|g03

Using the method introduced above, solve the con-
vex optimization problem in LMITOOL, the decentral-
ized stabilizing control law obtained is

u(t) = [-0.6829 - 5.3526]x,(¢),
up(t) = [-2.0779 - 3.2677]x,(1t),

Remark 2  Although the LMIs have many param-
eters, it can be solved at one time in LMITOOL. It is

very convenient and does not necessitate the adjustment
of parameters. Thus it overcomes the drawbacks of Ric-
cati equation approach.
5 Conclusion

According to the Lyapunov stability theorem, for
the time-varying uncertain interconnected large system,
its decentralized state-feedback stabilizing control can be
solved by LMI. By solving the convex optimization
problem with LMI constraint, the design of smaller feed-
back gain is derived. The example shows that this
method needs no adjustment of parameters and is very

convenient to use.

References

1 Janshidi M. Large-Scale Systems, Modeling and Control. Elsevier Sci-
ence Publishing Co. ,Inc. , North-Holland , 1983

Vol. 16

2 Chen Y H. Decentralized robust output and estimated state feedback con-
trols for large-scale uncertain systems. Int. J. Contr. , 1987,46(6) : 1979
- 1993
3 Gavel D T and Siljak D D. Decentralized adaptive control; structural
conditions for stability . IEEE Trans. Automat. Contr. , 1989,34(4) :413
-426
4 Chen Y H, Lleitmann G and Kai X Z. Robust control design for inter-
connected system with time-varying uncertainties. Int.J. Contr. , 1991,54
(5):1119 - 1142
5 Lin Shi and Sunil K Singh. Decentralized control for interconnected un-
certain systems: extensions to higher-order uncertainties. Int. J. Contr.
1993,57(6) : 1453 - 1468
6 Wu H S. Decentralized robust control for a class of large-scale intercon-
nected systems with uncertainties. Int.J. Syst. Sci. , 1989,20(12):2597
-2603
7 Hu Shousong and Tang Jiangiu. Decentralized robust suboptimal control
of a class large-scale interconnected systems with perturbations. Control
and Decision(in Chinese), 1992,7(5):336 - 347
8 Boyd Stephen et al. Linear Matrix Inequalities in System and Control
Theory . SIAM, Philadephia, 1994
9 Iwasaki T and Skelton R E. All controllers for the general H. control
problem : LMI existence conditions and state space formulas. Automatica,
1994,30(8) : 1307 - 1317
10 Wang Y Y,Xie L H and Souza E de. Robust control of uncertain non-
linear systems. Systems and Control Letters, 1992,19(1):139 — 149
11 Makarand S Phatak and Sathiya Keerthi S. Gain optimization under
control structure and stability region constraints. Int.J. Contr. , 1996,63
(5):849 - 864

ALAEH EA

BkF 1972 AL 1996 AP HE R Tolk KA B TR 2
I, 37 T2 02 i B B0 5 TR 4 M g
AL ETETIE IT 10 R o3 BOPS 1 g e i, SR M B AN % 5K, HL, HE )

SR K w R A = TR i)

HEDLE 1950 F4E . 198 AFNE A Bl TP g ol A 2 @ B

il TR R, IF A48 2R 250 1986 SF A 1988 AT A1 I S 48 [T £ 2%
LA v Tl KA S R 2 B R, Lk SR T R R ST
(i) A2 T oK 2R 0 A A0 2 B S TN B P, S K R 90 e e B
0 He I ek £ W RSN, B2 R g it ks il .

RS 1973 F24E 1996 Ly T AL K B el TR AR,
FEARAT T2 -2 BN o 0l K25 0 B B0 6 % b -1 BT
2k BEARTE O 0 O e e R A R ), B S AL I

R & AT 1999 EH 6 A 815 1.






