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Abstract：Decenwalized stabilization conditions in the form of linear matrix inequalities(LMIs)for large—scale intercon— 

nected linear continuous systems with unknown constant delays are established under a certain interconnecfion decomposition．An 

example is given to illustrate the proposed LMI approach and to compare the obtained results with those in the literature． 
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关联时滞大系统的分散镇定：线性矩阵不等式方法 

胥布工 许益芳 周有训 

(华南理工大学 自动控制工程系·广州，510640) 

摘要 ：针对具有未知常时滞的关联大系统 ，在一定关联分解情况下，建立了可由线性矩阵不等式表示的分散镇 

定条件．文中给出了一个例子用来说明所提出的线性矩阵不等式方法并比较文献中已有结果． 

关键词：关联大系统；时滞；分散镇定 ；线性矩阵不等式方法 

1 Introduction 

As we know，the main time-domain methods for sta— 

bility analysis of time-delay systems are Lyapunov func— 

tion method an d Lyapunov functional method【川． By 

Lyapunov functional method ．Lee and Radovic[ ’3l es— 

tablish some decentralized stabilization conditions for 

large-scale linear time··delay systems consisting of N in·· 

terconnected subsystems an d including N × N constant 

delays．In their method s，more Stnlcture information of 

the interconnections are taken into account by introd uc— 

ing some cardinalities corresponding to the interconnec— 

tions and by considering some different decompo sition 

cases of the interconnection matrices ．Recently，Hu[ J 

and Trinh and Aldeen[5]also use Lyapunov functional 

method  to study the same problems  for large—scale linear 

continuous systems  with N co nstant delays．However， 

no numerical schemes for designing the stabilization con— 

trollers are propo sed in the above references ．In this pa— 

per，we establish decentralized stabilization conditions 

expressed in UⅥIs for large—scale interconnected  linear 

continuous systems  witl1 N × N unknown constant delays 

un der a certain interconnection decompo sition．An ex— 

ample with three interconnected subsystems  is given to 

illustrate the propo sed L~Ⅱ approach and to compare the 

obtained results with those in the literature． 

2 System description and preliminaries 

Let us consider a large-scale linear continuous time- 

delay system S consistingofN interconnected subsystems  

．s ， = 1，2，⋯ ，N ，as follows： 

N 

i： i(f)= (￡)+B i(￡)+∑A xi(t—r ) 
= 1 

(1a) 

with the memoryless local state feedback control law 

(t)=Kix (t)， (1b) 

where xi∈ R and ui∈ 1f denote the state and input 

N N 

of the subsystem雪f with∑ ：n and∑％：m， 
i=1 i=1 

Ai，Bi and Aq ale constant matrices with appropriate di一 
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mensions，r ∈ [0，r]denotes N ×N arbitrary an— 

known constant delays，Ki∈ 。 。is the constant local 

controller gam matrix．Then，the closed-loop system S 

co rresponding to system S cai1 be written as follows： 

§ ： f(￡)=(A +BiKi)xi(￡)+∑A (￡一r ) 
= 1 

(2) 

for i= 1，2，⋯ ，N．Assunle that for each isolated delay- 

free subsystem：2i(t)=Aiz (t)+B uf(t)，(Af，B )is 

stabilizable and also A satisfies the following decompo - 

sition[ 一6]： 

A =Bflii+ ，i，J．=1，2，⋯，N． (3) 

Here，we define some sets of indices： 

where k( )denotes cardinality of the set J． 

Definition 1 The system S is said to be decentrally 

stabilizable by the memoryless local state feedback con- 

trol if every solution (t)of the corresponding closed- 

loo p system S smtOag from an arbitrary initial function 

fl∈ c[一r，0]， )converges asymptotically to zero as t 

∞，where c([一r，0]， )denotes space of continuous 

functions胧IppiI】g【一r，0j into with given r>0． 

I烈m啮 1̈ For a百Ven constant matrix M ∈ ， 

2“T ≤ uTMG一 MTu + T 
， u∈ R“， ∈ R 

(6) 

holds for any symmetric and po sitive definite constan t 

matrix G ∈ R ． 

3 Decentralized stabilization condition 

and local controllers design 

In the following，for the system S in the decompo si— 

tion case(3)，we establish the decentralized smbilization 

conditions and also provide the approach of designing the 

memoryless local state feedback controllers． 

Theorem 1 If the following LMI problem： 

Af + 】， + 1 
+
1
2 I．．eT

。一
／~T

。
+( ( )+~lD(i))Fi Dn】，l ⋯ DiiYj ⋯ D 

YlDTl 一Fl 
●

●  

● 

： 

YNDT 0 

>0，Fi>0， =1，2，⋯，Ⅳ， ∈ Ji(D)in 

variables ∈ R “-， ∈ R ni and ∈ 腿 “·is 

feasible，the system (1a)is decentrally stabilizable by 

the local control law(1b)with the following gain matrix 

= 告( 一∑ Ho．YjF7 弘 )】， ．(8) 
‘ i∈J (H1 

Let 

( )：∑Ix (t)】， (t)+ ( )]， 

( )=∑ } xy(s) (s)ds+ 
iE J ( ) 卜 

∑l Xy(s) (s)ds， ，∈J (，) I
一  

(9) 

0 

●

● 

● 

⋯  
一 FN 

<0， (7) 

(t)∈R ， (t)∈R“with凡：∑凡f， ：F > 
i=1 

0∈ 皿 ni and = >o∈ R“- ．Along the自 ec． 

tory of the closed-loop system(2)and by Lemma l，we 

obtain 

( )≤ 
Ⅳ 

∑[ (t)(Y?IAf+ATy? + 
i= 1 

吉y ( + T T - ) (￡)+ 
xT(t)∑ 】， D 】， )+ 

∈ (D) 

∑ 7(t—r ) FjU％(t—r )+ 
iE (tt) 

∑ T(t— ) FjU％-(t—r )+ ( )] 
∈ (D) 

(1Oa) 

4  5  

～ 一 一 一 

．

，  

．

，  

．

，  

．

， 

_，  

1  1  1  1  = 

= = = = )  

．， ．， ．， ．，  

一 

j5( j5( j5( j5( 、、- 

⋯ ⋯三I⋯ 

后  一 

= = = = = ．， 

) ) ) )  )

2  
日 日 D D 

， ， ， ， ： 

～ 

r ●  ● J 1 ● I  r J l  
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By (i)= 

∑ (￡) (￡)一 
】∈ Ji(H) 

∑ 。(t—r )】7 (t—r )+ 
J∈， ( ) 

∑ (￡) (￡)一 
)∈ J I|)) 

∑ (￡一r ) (￡一r )， (10b) 
i∈ J |)) 

and the definitions of J (Ⅳ)，了 (Ⅳ)，J (D)，and 

了 (D)，we further obtain form(10a)and(10b) 

( )≤ 

．  

∑ (￡)(】， 。+ + l， ( + 1)】， ) (￡)+ 
1 一 

(￡)∑ 】， 1DijYjF[ ⋯o．Yi x (￡)+ 
)∈ J 1)) 

∑ ) 6U~i(t)+∑ f(t)U 6U~j(t)l= 
∈J (／／) J∈』 t 

N ． 

[ (￡)(Y?IA +A 】， +— 】， (B + T ' l )】， ) (￡)+ 
I： 1 一 

(￡)∑ 】， D~bri YjD'~YT'x (￡)+ 
)∈ J D) 

∑ (￡) FiY?~x )+∑ xT(t)Y? FlY-I％ (￡)．)： 
jEJi(H、 ：E／i(D) 

．  

∑[ (￡)】， (A。 +} 。+—i1(B + T 。T )+( H( )+ 

( )) 十∑ DO-~．Fj 城 )】， (￡)]．(11) 
iE Ji(D) 

Note that the LMI problem (7)can be conve~ed to non— 

linear inequalities by using Schur complements，and thus 

(7)is equivalent to 

AiYi+ +{(B。Wi+ )+( (i)+ 

( ))Fi+∑ DiiYf7 <0． (12) 
J∈』 (D) 

Therefore，if the LMI problem(7)is feasible，then we 

have ( )≤ ∑ ll】， (￡)ll。for all t≥0，where 
i= 1 

= ax [ (A + +号(B Wi+咖 )+ 
㈨ 1 ’ ． v 

( H( )+ ( )) +∑ DijYjFf )]<0， 
)∈ J t D) 

(13) 

where ax(·)denotes the maximum eigenvalue．By 

Theorem 2．1 in[1]，we complete the proof of the theo— 

rein ． 

Remark 1 The LMI problem(7)is an LNIIP in the 

matrix variables ， and Fi．According to l 8 J，this 

LMIP is equivalent to the following LNIIP with fewer 

matrix Va riab】es： 

AiY +YiA 一 B。B +( H( )+ D( ))F D l Yl ⋯ DijYj ⋯ Dw 

Yl D l — Fl ⋯ 0 

： ’． 

； 一 i 

： ‘． 

YNDTn 0 ⋯ 一FN 

with >0∈ ”- ，F >0∈]盹“- ‘-and >0∈矗 ， 

where i=1，2，⋯，N and ∈J (D)．Then，the cone— 

sponding gain matrix for i be comes 

K ：一 1
，

aiB]’Y7 一— 1 z 2
．a
日 YjFf 日 B 1。Y7 ． 

一  一

』∈ (11) 

(15) 

The feasibility problems(7)and(14)can be solved by 

using the MATLAB LMI Toolbox which has been used 

worldwide． 

4 An illustrative exam ple 

Let US consider the interconnected time—delay system 

(1a)with N =3， 

<0 (14) 

A ：[ 6 ]，A。=[啊l 4 之 ]， 
A =【-32 ]，B =[；]，B。：[i_2 ]，B，=【 ]， 

2 = o]’ 
。 = [：： ] =[1o]， 

= [3 一· -]，。 =
一

1

。 二 三]， 
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日 2 。 =r1 兰-0 】， 
日l1= 0，日l3= 0，Hz2= 0，H33= 0， 

Dl1= 0，Dl3= 0，D21= 0， 

Dz2= 0．D23= 0 and D33= 0． 

Therefore，we have矾(1)：2， (2)：2， (3)=1， 

％ (1)=1，No(2)=2 and％ (3)=0． 

According to Remark 1，we solve the LM／problem 

(14)and obtain a group of the parameter matrices as 

follows： 

d ：35．1465，di：1．6273。d ：100．5535． 

f．42·2221 —2·3047—23·7527] 
F =J一2．3047 44．5701 —1．1380 f， L

一
23．7527 —1．138o 17．9957 j 

『-o·66o6 o·3109 一o·9267] 
= f 0．3109 9．9203 —2．3648 f， l

— o．9267 —2．3648 1．7292 j 

『89．2736 —1．95281 【
1．9528 22．7085 J’ L一 

． ．  

J 

f． 6·5cr76 2·4o84 —7·2878] 
= J 2．4084 16．8537 —2．0579 f， L

一
7．2878 —2．o579 4．896o j 

『o·7826 o·9225 —1·o235] 
= l 0．9225 5．0666 —2．1067 f， 【

一
1．o235 —2．1o67 1．8829 j 

： f ·43钾 91． L
— l1．2449 20．689l 

Based on the above parameter matrices and Eq．(15)， 

we obtain the local controller gain matrices as follows 

fK1：【一6．1625 —0．8584 —14．2425 J， 

I． 『一2．7153 —2．8237 —4．65201 1 【4
．
4821 — 5：o178—5．6574J， 

【 ：[一10．7905 —10
．36661． 

This example has also been studied in[2]．Let lls con— 

sider the Frobenius norm of K given by ll = 

{∑tr( K)}1／'2 to measure the size of the decentral— 

ized gain，where K ： blockdiag[K1，K2，⋯， ]． 

Here，we obtained ll ll ：24．0775 while the decen— 

traliTed gains from[2]and[6]give lf =26． 

2819 and lf ll F=31．4519，respectively．Thus，it 

turns out that a smaller decentralized gain given by our 

method is suffi cient to stabilize the overall system． 

5 Conclusion 

Decentralized stabilization conditions for large—scale 

interconnected linear continuous systems with N ×N Ull— 

known constant delays have been estabifished for a cer— 

tain interconn ection decomposition．111e conditions ale 

expressed in LMIs and hence they ale numerically 

tractable．An illustrative example has been given to 

co mpare the proposed 啪 approach with those in the 

literature． 

References 

【1j Hale JK andI_amel SMV．IntztxiuctiontoFtmcdonalDifferential E— 

quations[MJ．New York：Springer-Verlag，1993 

【2 J Lee T N and Radovic U L．General decentralized stabilization of 

large-scale linear confinubus and discrete time-delay systems l J J． 

Int．J．ofComml，1987，46(6)：2127—2140 

【3 J LeeTNand RadovicU L．Decentralized stabilization oflinear con— 

tinuous anddiscrete-thnesystems with delaysininter'connections【Jj． 

磁 Trans．on Automatic Control，1988，33(8)：757—761 

【4J Hu Z．Decentmlized stabilization of large scale interconnected sys— 

terns withdelays[J]．圃 Tmns．onAutomatic Control，1994，39 

(1)：180—182 

[5] TrinhHandAldeenM．Acomment on“Decentralized stabilization of 

large scaleinterconnected systems with delays”[J]．IEEE Trans．oll 

Automatic Control，1995，40(5)：914—916 

【6 J Xu B and I．am J．Decentralized stabilization oflarge scale mtercon— 

nectedtime-delaysystems 【J]．J．ofOptimization TheoryandApph— 

cations，1999，103(1)：23l一240 

【7] B．Stability robustness bounds for linear systems with multiple 

dm Va g delayed perturbations． Int．J．of Systems  Science， 

1997．28(12)：131l一1317 

【8] Boyd S，a1a0 L E，Feron E，et a1．Linear Matrix Inequalities in 

System and Control Theory [Mj．Philadelphia：SLAM，1994 

本文作者简介 

胥布工 1956年生．1972年 3月至 1982年 9月在某大型石化企 

业工作，期间，1978年 lO月至 1982年 7月在华南理工大学化工自动 

化及仪表专业学习，获工学学士学位 ．1982年 8月至今在华南理工大 

学 自动控制工程系先后任助教，讲师，副教授，教授和博士生导师，现 

为系主任，并分别于1989年和 1993年获工学硕士学位和工学博士学 

位．1993年 11月至 1995年 3月在英国Strathclyde大学电子与电机工 

程系作访问研究 ．主要研究兴趣为时滞系统和不确定性系统 的分析 

与综合，大系统理论及其应用． 

许益芳 1976年生 ．1997年 7月毕业于西安电子科技大学电子 

工程系，获工学学士学位．现为华南理工大学 自动控制工程系硕士研 

究生．主要研究方向为：时滞神经网络稳定性分析 ． 

周有训 1946年生．华南理工大学 自动化系副教授．主要从事智 

能控制，智能检测的理论与应用，计算机管理信息系统等研究工作． 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com

