
第 18卷第 6期 

2001年 12月 

控制理论与应用 

CONTROL THEORy AND API I【 0 临 

Vd 18No．6 

Dec． 001 

The Design of Decentralized Robust Tracking Controllers for 

Large-Scale Uncertain Systems with Time-Delay 
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Al ：Thisl~pcris∞ studythe d自Ⅻ  rob c con~l ∞ 缸 la~e-scale uncer~ systems with 

~ -delay．Themla埘ain哼is value-lx~ndcd and cannot sa yitsma ng cond~on5．A sl】伍咖 ccndifi~ far出。ex~mce 

of decemralized r0t 佃 1g∞mr0l1口 is derived 仙 ~ tionis expressed as山e solvebility lem of linearmatrixin- 

cquafi~es(咖 s)．Based∞ that，a COnV~ 0p ∞ pr0bI with【加 consWai~ isf0cmt~tedto design a decentrafiz~ 

statefccc~eckcon~1withm~ttcrg砒n parame~ which enablesthe∞I吐E011ed system to ap ∞ch出。Ie r∞ i I葺越 - 

ically． 
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不确定性时滞大系统的分散鲁棒跟踪控制器设计 
陈 宁 桂卫华 吴 敏 谢永芳 

(ee南工业大学信息科学与工程学院·长抄，410(~3) 

摘要：研究不确定性关联时滞大系统的分散普棒输出跟踪控制问题．系统中不确定项具有数值界．可不满足匹 

配条件．基于不确定项的表达形式，给出了存在分散鲁棒跟踪控制器的线性矩阵不等式(LMI)条件 在此基础上，通 

过建立求解受 LMb约束的凸优化问题，提出了具有鞍小反馈增益瑚 设计方法，使受控系统渐近跟踪给定的参考 

输八．【加 方法求解简单，便于计算 

关键词：时滞关联大系统；线性矩阵不等式；分散普棒控制；输出跟踪 

1 Introduction 

~ccntyears，rrⅡlcb attention has been paidt。de— 

centralized control for in呲 0DIlect。d l~ge-scale sys- 

tetrls．Since themodels ofl~l OOrllain tmcemintie~．ex— 

pectedperformance carI not be obtained ifthe controller 

is designed only based 011 IlOlllillal mode1．Moreover， 

time-deLay o。cuIsintheinterconnecfionduetothe rans- 

ferrmg information and is insensitive to the lrieaStll~- 

ment．Therefore，the decentralized robust controlforthe 

1Ⅱgc—scale systam withtim~delayisofgreattheoretical 

and practical value．The I℃lbust tracking pmblem for 

large-scale systemswithmatching conditions ’ andfor 

time-delay system~ 、 has been solved Butthefonn~ 

do∞ not considerthe effect ofmne-delay，andthe latter 

0nly considei~the centralized contro1． 

UⅢ method has received眦 h attention forits h岫  

solvabm and bec∞ es an effeaive method for robust 

analysis and synthesis【6’ 
．
In 岫 paper．the problem 

of decentralized tmcldng conlrolfbf a class ofinto'con— 

nd b0d systemswith norm-boundedtulcer~ ltyis studied 

using咖 ill~t．hod． 1e suflident conditionfor dccen— 

tralizedrobusttracking control basedon L is derived 

and a conv oplimization method for iIlg con· 

trollerwith sm~er inis proposed． 

2 Problem description and lemmas 

Consider a class oflime—va'ymg unc目劬 time delay 

lⅡgc—scale systems with N subsystems．TIle sI】 船ms 

can be described as foU0ws： 

t (f)=[A +AA ]％(f)+[B +△ ]u。(c)+ 

* 岫d毗蛔 itexa：删删 by 863 HIRDP(863—5ll一9945一m3)and ch aN血。叫 Natu~ Scimce B咖 (曲274005) 
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喜 ： (1) It c~h be pro v en by Schur 0r 
yi(‘)=c (I)，i=1，2，⋯，Ⅳ， 

where (I)∈ ， (‘)∈琏 and ∈琏 ·arc the 

slate，control and olltl~t vectors respectively． ，B,- 

mad G a with叩 。1 ~ OllS~：presenting the 

system，input and output matiic~~respectively．(赴， 

毋)is controllable． is the intea~nnections． ≥0 

denotesthe dm yintheinterconncclions． isthe coil— 

slant but unknown disanbancc associated with nIe ll1 

subsystem ．The uncertainty AAii and△ arg smlctured 

and value-botmded[9,10]： 

I AA“I< D“，I ABi l< E c，i， = 1，2，⋯ ，Ⅳ， 

whezeDa and最 缸eknown constantmatrixwithnonncg— 

alive衄 缸i ．TheIneaeainS ofthe l△ l< △ is：l I≤ 

，i， =1，2，⋯，Ⅳ， and eq denotethe O-entries of 

△ and△ respectively． 

A豁m I Syszm (1)salJs~ the following 

condition 

”  

The吐 曲 ofthis paper is to design a IQcal s眦  

feedback control taw for each subsystem guaranlccing 

thatthe output of each subsystem approvalstheir retbr— 

e output asymp~ caUy． 

hl曲IefoUowi~ dba ．define atwo-valuedfunc一 

曲n d(·)as 

淞 = ： 
m  several'm】p咖 tlemmas． 

L臼皿m 1 S~ oseA，B∈】匠 ，A≥B，fi~enwc 

have C AC≥ C BC，V C ∈ ． 

【 nm 2 Supw seX mad Y are vt~ rs ormatrices 

m  suitable d缸n白1 Dns．fllenfor any positive n > 0， 

、ve have 

xTy + yTX ≤ 口XTX +口一。 y 

“㈣ 3{“] Supp~ Y and Q arevectorso1"matri— 

ces with suitable~ OilS，w}m  Q >0，n，卢aIe 

given positivellIⅡdbers．then 

y ana r 。； 

r and only ff【 o． 

L曰皿m 4【l0_ IfAA∈ sa血i丘es l AA I<D， 

then 

(_D)≥AAAA ，r(D)≥AA AA， 

Ⅵ，here 

砌  = 
， 

“k 堍 ， 

=  

“k 

wherediag(R)=diag( ll， ∞，⋯， )，R= (q)is 

· dimensional real symmelrical noⅡ_neg撕 l硪 x 

Remark1 l1 M l1 is dcfmcd asthemaximum sin- 

gIdar value ofM，l1 a II isthe 2-normofn，I represents 

di unitmatnce~at differentposition． 

3 Decentralized output tracking con- 

troller design 

Inthis set,on．the sufficient conditionf(丌曲Ie0ds· 

tc~cc of controllexforlarge—scaletux~main systemswith 

dm 蜘 is derived．Then，a collvex optimization 

problem with LMI constraints is formulated to design a 

decentralized statefeedback c~ntrolwith small~ pa- 

Conslmctthe augmented system equation as 

(t)=[Ad+ ] (f)+[Bi+ABi] (t)+ 

∑Aoxj(t一 ) ， (2) 

(t)=c (f)一y ，i=1，2，⋯，Ⅳ， 

where (I)∈ and ∈ m the stateof吐le aug· 

m~ted syste~ andmfe~ ：einput v~tO1．S respectively． 

R 她 (2)into∞ augmented state equation，wg 

get 

(f)：(A +△ ] (‘)+[玩 +△玩] (‘)+ 

∑ab,(f一 )+￡， (3) 

where 

】， = ：】， 
△ = 0】'A d=【 0]I 
玩= △ = 【一 】 
The挪1 n∞脚 syscm obv~ottsly枷 s五麟 the伽  Idl 
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cmvditioml' 

l△  ̂ 1．<D ，I AB。 1．<Ed． ， ： l，2，⋯ ，Ⅳ， 

(4) 

wt-cre 

= 【 如： 
Intenlas of sIⅡ 0nl，the pair(“ ．毋)ofaug- 

哪 Ied 咖 (3)is con~'vllcd．Thefollowing~leorexn 

isthe n T曙 inthis目0di傩 ． 

Theorem 1 For la~ de system (1)，ifⅡm  

istpositive d~finitem 置 ．五 ∈ ‘ ‘ ， 

matrix yi∈R( ‘) ( ．‘ )，andpositive mm 口 ．且， 

which哟  12vHs(5)一(7)，them the decc~tral— 

。d starefeedbacklaw(8)will s㈣ as a robusttrack． 

i丑g“n岫m目 and Tmb  the closed-loop system intcmal 

stable． 

『 !̂ 蜀 鸽恐 ⋯ 0̂ ] 

l(̂：1)T一 (A：1)zl l 

【恐(硅) 一 (̂22) I<o， 

l ( ) 。一 (̂ ) J 
(5) 

af， (％) 1<o' (6) l
I1(％){置 一， J一 一 

『一 州 1<o' (7) l
I1(晶){ 一I J一 一 

= + 置 + + +2I+口 + 

+ ∑a(《)五， 

：  ， 墨 =y ． (8) 

Pmof Thep~xffisdividedinto ： 

1)Internal s吻航ljIy．whcnthem~gmented system (3) 

is c。蚰0uedby(8)mad isfirstllegl吲脚．the closed- 
100p syst~ ~lUafion becomes 

j ：[A +△̂ ] ( )+[ +△ ] f(I)+ 

∑A蓦哥( 一r )． (9) 

C【 胡目Ⅱlcf0u啦 Ly~ ovfui~on； 

( )：∑[ TP +∑l a(̂喜) dr]． 

w}-cre Pc- posi~ve definltem缸 oes． 

1he血∞ de ∞ of ( )曲。嘴 withlhe slate妇一 

, ．
ketory ofthe system of(9)satisfies 

( )： 

∑{lTP + +∑d(Ad J Tj 一 
I=1 Jffi】 

∑a(̂眚) (f-v#)鳓( 一 )l= 
J 1 

∑{ (A三 +尸如 +△A + △如+ j矗 + 
l=】 

只 +j碍l△ + △吃 )盈+∑ Tcr以 d弓(f— )+ 
』ffi1 

Ⅳ 

∑ (̂ d，= Tr舟一∑a(鸽) (I— )碍 (I一 )}． 
1 』=】 

(10) 

Frc~nLcmmnas l，2 and4，" have 

P +I1( )≥ 

尸_PI+△A △ 硝̂ ≥ Pi△  ̂ +△  ̂ ． 

(11) 

髓 +印 ( )墨≥ 

PiPi+KI,ABTAB ≥ △B + B ． 

(12) 

Put equa曲ns(11)and(12)into(10)， have 

( )≤ 

∑t*T[A + +2P~P,+I1( )+ + 
‘=● 

+ ( ) ]≈+∑~zTP,4 (I— )+ 
』ffi- 

∑a(̂ d， T 一∑a(̂喜) ( 一 )马％( 一q)}． 
』ffi1 』ffi1 

(13) 

Frc~nI．~~una4，I1(％ )andI1(如) posi~w de- 

fined or SO,hi-positive definvd nu io ．which c姐 be 

di,rlded as工1(D )：工1(D )1／'2工1(％ ) ／2柚dr(E。) 

： I1(五 )’／2I1(五d) ／2，then n搿e exist口 >O，卢f>0． 

which sa 母 

I1(上 )(口 ，f，j (Ea) <晟 ．(14) 

(13)and(14)，Wc have 

( )≤ 

∑Iz~(A i+ +KTB + + 
‘=1 

2P I+口 |+p i z 
Ⅳ 

∑2 ( 一r )+∑a(̂ d， T％ 一 
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～ 

∑a( d T(‘一 )鳓(f— ) 
J=l 

r ： 

l(鸽)r 一 ( 1)HI 
∑州( 刍) 一砌 ) 
‘ 。 

l ； l 
)T 

M = 

(‘) 

1(I一3il) 

=2(I—Ti2) 

一  (̂ ) 

=Ⅳ(I一31N)j 

A三fP +P +K ! +P艄 +2P P + 

。 + P +∑占(A ) ． 
‘=t 

A A 

P (A：1) 一占(A《1)P 日1P 

巧 (A刍) 

PIl(A ) 

Wnere 

A =P +A 

2I÷ai1÷e 

Based 011 Lyapunov 

咖  

PiA~,1 

(A 1)TPi一3(A~i1)Hl 

(A 2)TPi 

P 2 ⋯ P 

一 a( df2) 

(A )TPi 一3(A ) 

<O 

(15) 

is satisfied，thea [ -sca1e system (3)call be出 

feedback stabilized． 

Next，(15)is pre-and post-multiplied by block-di~ 

{P7 ，P ，Pi ，---，P j respectively，thenWe have 

A：2Pi ⋯ A I1 

一 占(A 2)Pi 『2P三 

+ Pl-IA~T Do
口
T+B~KiP7’+ 

∑a(A )P HY7 ． 

Let 

置 = P7 ， =丘P ，五 = P7 HIP'~ ， 

then Xi>0，五 >0 are satisfied．Thus(16)is equ~va· 

lentto(5)and(14)is equivalentto 

，(D )玉 <啦I，l， (如) < ． 

FromLemma 3，if and only (6)and(7)aIe saris— 

fled，then(14)is satisfied．Andthe internal stability is 

then assun~． 

2)Asymptotic trad~g．Fust define the following 

n ces． 

Aj：block-diag[a 11，‘。。，A J， 

AA==block-diag[AA：11，⋯，△A：ⅣⅣJ， 

Ad=block-diag【An，⋯，A J， 

= [ 1，⋯，A ]，i=1，2，⋯，N， 

：(t—r)=[d(t一31)，⋯，= ( 一r )IT, 

= (z— )=[ 1(I—rl1)，⋯，zn(t—r ) 

B；=block—diagl皿I，⋯，％ ]， 

一  (A )PI1 I1 

<0， (16) 

B ：block·diag[ABd。⋯。AB ＼ 

e=[ ，⋯ ] ， 

K=block．diag[K --， ] ． 

Then when the feedback law(8)for each subsystem 

is cho~n，large-scale system(3)will be 

±(￡)= 

[A +△ +( +△ ) ] (t)+Aa( 一r)+ = 

A (t)+A (I—r)+ ． (17) 

Diffeamfiatiug both sides of(17)，we have 

；(t)= (f)+A (t—r)． 

Fromthefirstpart，i．e．internal stability，0(t)will印- 

pIoad1m nOmatterhowtheinitial conditionis，thatis 

口(f)= 一 一 0，as f一 ∞for all i=1，2，⋯，N． 

Themfom，it is obvious that the q，日ty of asymptotic 

啪幽 is achieved．Combining(1)and(2)， oof 

is complvted． 

Wheol~ill 1 gives the sufficient condidon，which，how- 

，
cm  not gI】ar the feedback gain as small as 

possible．In engineering appfieations，control laws with 

smaller feedback gain am always ad叩 cd to guarant~ 

pcrf 柚∞and h啦Ir di曲 nce-叫∞doIl【l2J． 
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To get snlsllcrfee~oack gainmatrix，we consider 

<日，， ‘<y ， (18) 

where Oi> 0， > 0．Then the following equation is 

derived 

= 日 哪  ≤日 y ． 

Tllerefore，smallerfeedbackmamces Cml be obtained by 

minimizing Oi，y c． 

PromI目㈣ 3，(18)is equival~tto 

0】>。， ， 
therefore，syst锄 (1)has decentralizedtracking control 

law with sniperfeedback gainwhich can be solved by 

thefollowing 0J m 幽 problem 

rain(∑Oi+∑y )， 

with LMI constraints(5)一(7)mid(19)．This is a 

convex optimization problem with L／vlls constraint， 

which can be solvedby LMIToolBox[13_
．  

4 Conclusion 

For a classofuncertainintelr．,onnectedlarge—scale sys— 

terrl withtime—delay，accordingtotheLyaptmov stability 

theorem，its decentralized outputtracld~ control Cml be 

s~lved by LMI．By solving the con*c~x optimization 

problem with LMI constraints， the design of smaller 

feedback gainis given． 
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