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Abstract：The probtem of decentralized stabilization for comp~ systems with input sallli~on is studied．M-matrix 

method is used t0 investigate the problem and a suffidem condition for the composite systems with input sat~ on t0 be stabi— 

lized by using decentralized linear state feedback control is derived ．Moreover．a simpler sufficient condition symmetric 

composite systems with input sat~ on to be decenwalized stabilized is also given． 

Key words：decentralized control；c0mp0Site systems；input saturation；stabilization；algebraic Riccafi e．quaffon；肘 ma— 

trix；symmetric comr~ te systems 

CLc nmnber：1Pl3 Doa蛐 ellt code：A 

具有输入饱和的组合系统的分散控制 
翟 丁，张庆灵 

(东北大学 理学院，辽宁 沈阳 110004) 

摘要 ：研究了一类具有饱和输入的组合系统的分散可镇定问题．运用 矩阵方法，通过线性分散状态反馈得 

出具有饱和输入组合系统的可镇定的充分条件．对于具有对称结构的组合系统，给出了更为简单的镇定条件． 

关键词：分散控制；组合系统 ；饱和输入；镇定；代数 Riccati方程；M-矩阵；对称组合系统 

1 Introduction 

Input saturation is a common feature of control sys— 

tems． Recently， linear systems with input saturation 

have been intensively studied．For example，the global 

asymptotical stabilization for such systems is studied by 

using nonlinear feedback laws in[1]，and the semiglob— 

al stabilization for the systems by lls linear f
．

ecdback 

laws is studi。d iIl[2]．However，little attention has 

been paid so far to the decentmlized stabilization for 

compo site systems with input saturation． 

’ This paper will study the decentralized stabilization for 

composite systems with input saturation．By using the 

M -Matrix method，a sufficient condition for the system 

t0 be decentralized stabilized is derived  using linear state 

feedback． 

The second part of this paper considers a class of 

large-scale systems which were called symmetric com。 

po site systems  by Lunze【引．Symmetric composite sys。 

terns are encountered in electric power systems，industri— 

al manipulators，computer networks，etc．See【3—5 J 

for other exam ples and references ．Because of the spe— 

cial structure of symmetric compo site systems ，many 

analysis and design problems for them Call be sirnpli— 

fled [ _ 
． This paper will show that the decentralized 

stabilization for symmetric compo site systems with input 

saturation can also be  simplified ． 

2 Preliminaries 

First introduce the definition of saturation function． 

Definition 1 A vector-valued function o-： 

is called  a saturation function if 

o-(s)=[satl(s1)，sah(s2)，⋯，sat (s )]T， 

where 

I— si 
， 、 I 

sat／( =1 ， 【
一  

if sj(一 sj o， 

if I I≤ o， 

if sj> o， 

( 0>0， =1，2，⋯，m)． 

Rem ark 1 It can be easily seen that for a saturation 

function o-：]母m÷  ，there is 
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f I 一satj(sj)f≤ 1 I勺I， 
V ∈ R，VJ= 1，2，⋯，m． 

Hence 8吉s一 (s)}}≤ 1 ll s ll，v s∈Rm．where 
I1 · I1 = I1 · I1 2． 

We also need the definition and properties of M—l'na- 

trix which were given in[6]． 

Le脚llla 1[ Let W =[wff]∈ be a real 

square matrix wim nonpositive off-diagonal dements． 

Then the following conditions are mutually equivalent： 

C1)The principal minors of W are all positive． 

C2)The leading principal minors of W are all posi— 

five． 

C3)There is a vector (or y)whose elements are all 

positive such that the dements of Wx(or )，)are all 

po sitive． 

C4)W is nonsingular and the elements of W一 are all 

non—negative． 

C5)There exist N numbers dt，d2，⋯，dN with dt> 

0，i= I，2，⋯ ，N，such that 

d > ∑ 1 w I，i=l 2--，N． 
J=1． ≠‘ 

C6)The real parts of the eigenvalues of W are all 

po sitive． 

Definition 2[ ] If a real square matrix with non- 

po sitive off-diagonal elements W satisfies one of the con— 

ditions in Lemma 1。then it is called an —matrix． 

Lenmaa 2[ ] A real square ma trix with non-po sitive 

off-diagonal elements W is an M —matrix if and only if 

there exists a diagonal ma trix with po sitive diagonal ele— 

ments D 。such that D + DW is a symmetric po sitive 

definite matrix． 

3 Problem statement 

Consider the system compo sed ofN subsystems 

露 Aix +∑ A +Bi ( )， (1) 
i=1．i i 

i= 1，2，⋯ ，Ⅳ， 

where xi∈ ，／zi∈ 1R are vectors of the subsystem 

state，control input，respectively．Ai∈ 皿 ， ∈ 

R and ￡：腿 + R (i=1，2，⋯，N)ale all satuta— 

tion functions，A0．∈l~niX (i≠ )ale the interconnec— 

tive ma trices． 

This paper wi ll study the following problem for sys— 

tern(1)． 

DecentraliT~xi stabilization problem：Find，if po ssi— 

ble，a decentralized linear state feedback 

￡= f，i=1，2，⋯，Ⅳ， (2) 

such that 

S1)The fm closed-loop subsystem 

露￡=Af +Bf f( f)， (3) 

satisfies that the poim xi= 0 is uniformly asymptotically 

stable． 

S2)The overall closed-loop system 

(4) 

i= l，2，⋯ ，Ⅳ 

satisfies that the po xi= 0 is uniformly asymptotically 

stable． 

In this paper，we will also consider the decentralized 

stabilization problem for the following special composite 

system 

N 

露 A1 + ∑ Al2 +B1 (ui)， (5) 
=1．， i 

= 1，2，⋯ ，Ⅳ， 

where xi∈ 腿 l， ∈ R l，At，At2∈ R l ，B ∈ 

Ⅱ l l and ：Ⅱ l Ⅱ l(i=l，2，⋯，N)，ale satura- 

tion functions．That is 

n1 n2 ⋯  nN ， m l m 2 ⋯ = m N ， 

A1= A2 = ⋯ = AN．B1= B2= ⋯ = BN 

and A0．=A12 for al1 ≠J in(1)． 

Remark 2 we will refer to the system (5)as a 

symmetric compo site system wi th input saturation．Sym· 

metric compo site systems ale used wi dely in practice． 

For example，A multimachine po wer system consists of 

a large number of similar power generators feeding a net- 

work of loads，which are symmetrically interconnected． 

Symme~c compo site systems  wi thout input saturation 

has been studied in[3～5]． 

4 M ain results 

In this paper， (·)and (·)denote the mininlllm 

an d maximum eigenvalues of the ma trix，which are writ- 

ten in the brackets，respectively． 

For the ith subsystem ，choo se po sitive definite matri— 

ces ∈ R ，冠 ∈ R ． 

Let Pi be the unique positive definite solution of the 

algebraic Riccati equation． 

+ 

V̈ 

A 。 ∑ 

+ 

A  

= 

． 
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ATfPl+P f—PIBIR? TfPf+Qf=0． 

Denote 

ri= (Qf)一lI PIBl II II JR TfPf lI． 

The following theorem gives a sufficient condition un— 

der which the decentralized stabilization problem for sys— 

tern(1)carl be solved． 

Theore．m  1 If there exist positive definite matrices 

Ql∈ ，Ri∈腿 (i=1，2，⋯，N)such that the 

matrix =[w0．]defmited by 

r ri ． ． i ，’ (6) 
is an M—matrix．Then the decentralized linear state feed- 

back 

f=一JR l (7) 

satisfies S1)and S2)． 

In吐硷 following．we will study the decentralized sta— 

bilization for symmetric composite systems with input 

saturation． 

Because of the special S~llcture of the system (5)， 

the following simpler suffi cient condition for it tO be de— 

centralized stabilized can be obtained． 

Theore．m  2 The decentralized stabilization problem 

for the system(5)is solvable if there exist two positive 

definite matrices Ql∈盟“l “l and R z∈盟 l l such that 

瓦 >Ⅳ ， 

where rl= (Q1)一 lI PlBl lI II Ri" BTPl II．hl 

this caSe． the stabilizable decentraliz~ state feedback 

control law is 

l=一Ri- TPl f，i=1，2，⋯，Ⅳ． 

5 Conclusion 

In this paper，we obtained a sufficient condition for 

the composite systems with input saturation to be stabi— 

lized by using decentralized linear state feedback contro1． 

Because of the special S~llcture of symmetric COmlX~ite 

systems，the condition becomes quite simple． 
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