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Abstract：Two kinds of similal-structuresfor a class ofgeneralizedinterconnected systemswithnonlinearinterconnecfiom 

are defined．There are uncertaintiesthat do not satisfythematching conditionin theinterconnections
． Satefeedback robust c0n． 

troHers ale designed so that the interconnected system is asymptotically stable． Since the controllers also possess Silllilal-$11"tlc． 

tures，they ale easy to perform ． 
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具有相似结构的广义互联系统的鲁棒控制 

石海彬·，张嗣瀛 

(1．东南大学 自动化研究所，江苏 南京，210096；2．东北大学 信息科学与工程学院，辽宁 沈阳 110004) 

摘要：对于一类具有非线性互联项的广义互联系统，定义了这类系统的两种相似结构．互联项包含不满足匹配 

条件的不确定性 ．设计了状态反馈鲁棒控制器使系统渐近稳定．由于控制器也具有相似结构，因此易于实现
． 

关键词：相似结构 ：R-能控 ；脉冲能控；可正常化 

1 Introduction 

Generalized interconnected systems consist of many 

subsystems  with interconnections ．This is a special case 

of large-scale systems ，They are important in large—scale 

systems  and exist in the fields of aerospace，chemical in． 

dustry，administration，etc． 

This paper based on the studies for generalized sys- 

tem[ _4]and similarity[4_6]；and similar strUCRLre for a 

class of generalized interconnected systems  with nonlin- 

ear interconnections is defined based on sate feedback 

and restricted system equivalence．The interconnections 

of the systems  in this paper ale nonlinear，do not satisfy 

matching condition and contain uncertainties． 

2 Description of the systems 

Consider the following generalized interconnected sys— 

terns  

E ￡=Aix +B [Ⅱ + (牙 ，t)+g ( ，t)]+ 

h ( ，t)，i=1，2，⋯，N， (1) 

where ∈ 蕊“， ∈ 蕊 ale state，control input of f．th 

subsystem，respectively；Ei，Ai∈ 蕊 and Bf∈ 蕊 

ale constant matrices，rank E < ，l； 

元i col(x1，x2，⋯， 一1， +1，⋯， )， 

A(el，t)are known matching interconnections，gi( ￡， 

t)aIe uncertain matching interconnections；hl( ，t)ale 

uncertain unmatched interconn ections ．W e assume that 

A(0，￡)=0，gi(0，t)=0， 

hi(0，t)=0，i=1，2，⋯，Ⅳ． 

W e have the following fundamental assumptions for 

systems (1)according to[2]and[3]： 

Assumption l[ ] For arbitrary initial conditions 

Eix~i and arbitrary control inputsⅡ 
， systems (1)are reg- 

ular． 

As sumption 2[3I Th e set of compatible control in
．  

puts of systems (1)is nonblank． 

Definition 2．1 System El =A。 +Bf ((E ， 
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A ，Bf)for simplicity)is called the i-th nominal sub- 

system of systems(1)，i=1，2，⋯，Ⅳ． 

3 Similar structure I＆ controllers 

Definition 3．1 We call systems (1)possess simi- 

lal-structure I if there exist matrices E，A，B， and 

nonsingular ma trices ，Si so that 

r E S = E， 

j s (2) Z I 
Bi= B， 

【 ：l
，2，⋯ ，Ⅳ． 

Meanwhile，( ，Sf， )is called the similar perimeter 

0f f-th subsystem ． 

Remark 3．1 If condition(2)holds，then there ex． 

ists propo rtional state feedback 

ut= + ，i=1，2，⋯，N， (3) 

so that the closed-loop system of(3)and(2)is 

Ef f=(A + fIr(f) +Bf钆． (4) 

Making nonsingular transformations 

xi= S盎 

and premultiplying on both sides of(4)，we have 

露 =A毛+Byt， (5) 

which is denoted as(E，A， )． 

hl discussion abo ve，Definition 2．1 means that the 

nominal subsystems (E ，Af，Bf)are restricted system 

equivalent after propo rtional State feedback．It is well 

known that propo rtional state feedback cannot change 

stabilizability and impulse controllability of a linear gen- 

eraliz~ system ，so we have the following： 

Proposition 3．1 If systems (1)possess similar 

struc0are I and a nominal subsystem(Ef，Af，Bf)is sta- 

bilizable and impulse controllable，then system(E，A， 

B)is stabilizable and impulse controllable． 

We assume system (5)is stabilizable and impulse 

controllable，then there exist‘ma trix K and nonsingular 

ma trices T，S so that 

TEs -
L

一  

+BK)s= 

where ，r represents identical ma trix with order r，r = 

rank E，A(1)is a stable matrix．Hence ，for any po sitive 

definite matrix Q with order r，the following Lyapunov 

equation 

A~t)P+PA(1)=一Q 

has unique po sitive definite solution P．Let 

=  =  )’ 
= 8-1 871= Si(1 )／ 

where TI(1)，Si(1)∈ ． 

(·)and llli (·)denote the max~um and mini— 

mum eigenvalue of po sitive definite ma trix，respective- 

ly，IJ·lJ denotes the spectral norm of matrix，ali de- 

notes the arbitrary scale that satisfies 

。< 瓦  ． 

We design controllers for systems (1)as follows： 

／L u +u{+u ，i=1，2，⋯，N， (6) 

u 

u 

u 

= (K + S ) f， 

= 一  (元f，t)， 

1》Ps f1)规 
一  

葫  
0， 

( )， 孤 1)PSf(1) ≠0， 

1)PSf(1) = 0． 

Theorem 3．1 The closed‘loop systems  of t robust 

controllers(14)and systems(1)ale asymptotically sta- 

ble if 

1)Systems (1)possess similar structure I； 

2)A nominal subsystem(Ef，Af，Bf)is stabil／zable 

and im pulse controllable； 

3)There exist continuous functions (·)that satisfy 

(0)=0，ll Agf(牙f，t)ll≤Pi(E )； 

4)ll△̂ f( ，t)ll≤口t ll E f l1． 

Proof Omitted． 

4 Similar structure II＆ controllers 

Definition 4．1 We call systems (1)possess simi- 

lar structure H if there exist ma trices E，A，B，厶， and 

nonsingular matrices ，Si that satisfy 

(Ef+ 厶)St=E， 

(Af+BiKi)Sf=A， (7) 

TiBi= B，i= 1，2，⋯ ，Ⅳ． 

Meanwhile，( ，Sf，Lf， )is called the simihrpeame— 
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ter of f—th subsystem ． 

Remark 4．1 By Def'mition 4．1，if condition(7) 

holds， then there exists derivative—propo rtional state 

feedback 

n =一Li i+ i+ ，i=1，2，⋯，J7v， (8) 

so that the closed—loop system of(8)and(1)is 

(Ef+B正f) f=(A +BiKi) f+B f． (9) 

Making nonsingular transformation  

= Sizi 

and premultiplying on both sides of(9)，we have 

FAf=Azf+Byf， (1o) 

which is denoted as(E，A，B)． 

By the discussion abo ve，Definition 4．1 means that 

the nominal subsystems(Ef，Ai，B )are restricted sys— 

tem equivalent after derivative-proportional state feed— 

back．Meanwhile，if(7)holds，then 

rank(E，B)=rank[ (Ef+B正f)Si，TiBf]= 

rank c c E +B ，B ( )= 

rank c巨， ，(乏 )( )= 
rank(Ei，B )， 

so we obtains the following： 

Proposition 4．1 If systems(1)possess similar 

structure 11 and a nominal subsystem(Ei，Ai，B )is nor- 

realizable，then system(E，A，B)is normalirable． 

Furthermore，we know from[1]that derivative—pro— 

po rtional state feedback cannot change stabiliTzbility of a 

linear genemlized system，so we have the following： 

Proposition 4．2 If systems (1)possess similar 

stnlcture 11 and a nominal subsystem(Ef，Ai，Bi)is sta— 

bilizable，then system(E，A，B)is stabilizable． 

We asskLrrle system (1o)is normalizable and stabiliz— 

able，then there exists derivative—propo rtional state feed— 

back 

vi 一 L f+ K zi+ wi， 

so that 

rank(E+BL)=n 

and the dosed—loop system 

(E+BL)J．f=(A+BK)zf+Bw (11) 

ale stable．Here wi are new control inputs．Premultiply 

T=(E+BL)一 

on both sides of(11)and denote 

： (E+BL)一 (A+BK)， 

we obtain 

= Az +TBw‘， (12) 

where A is a stable matrix by the stability of system 

(II)，hence，for any positive definite matrix Q with or_ 

der n，the following Lyapunov equation 

TP + ：一 0 

has unique positive definite solution P．Let 

Ti= ， 

denote the arbitrary scales that satisfy 

。< 可 ． 

We design controllers for systems(1)as follows： 

n = n：+n +n ，i=1，2，⋯，J7v， (13) 

where 

n =一(L‘+L s )戈f+(K +K s ) f， 

n =一 (牙f，t)， 

n；= 

0， 

B~'iPS?ix‘ 
萌 lD i( i)，BTi J』̂Tir i≠0， 

B rPS 0． 

Theorem  4．1 The closed-loop systems of t robust 

controllers(13)and systems (1)are asymptotically sta— 

ble if 

1)Systems(1)possesses similar structureⅡ； 

2)A nominal subsystem(Ef，Af，Bf)is nonnalizable 

and stabiliTable； 

3)There exist functions P (·)that satisfy 

lJ Agf(牙 ，t)lJ≤Pi( )； 

4)Il Ah‘(牙f，t)Il≤ Il Il，where is deter- 

mined by(15)． 

Proof Th e derivative of Lyapunov function 

Jv 

： ∑ 
i=l 

for the closed—loop systems is negative definite if 1)一4) 

hold． 

Remark 4．2 Consider controllers(6)and(13)， 

n an d n po ssess similar strtlctut~ for the existence of 

similarparameter( ，S‘， )or( ，S ，Lf，Ki) 

5 Conclusion 

From the research that the similar structures of systems  

led to the similar structures of the co ntrollers，the design 
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of the systems can be simplified 
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