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Abstract：This paper addres~$the robust H 一almost disturbance decoupling problem with stability(RADDPS)for a 

class of uncertain time-delay systems．Ilae paper presents a sufficient condition for the feasibility of RADDPS via linear malrix 

inequality and algebraic Riecati equation，respecdvely．In addilion，the corresponding state feedback controllers are constructed 

tO solve RADDPS by the prolx~ approach． 
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一 类不确定时滞系统的鲁棒几乎干扰解耦问题 
陆国平 郑毓蕃 

(1．南通工学院自动化系·江苏南通，226OO7；2．华东师范大学系统科学研究所 ·上海．2ooo62) 

摘要：讨论了一类不确定时滞系统的具有稳定性的鲁棒 H 几乎干扰解耦问题( )DPs)，利用线性矩阵不等 

式和代数Riecati方程方法分别得到了RADDPS可解的充分条件，并且相应给出鲁棒静态状态反馈控制器的设计． 

关键词：时滞系统；不确定性；线性矩阵不等式；代数 Riecati方程；鲁棒性；H 几乎干扰解耦 

1 Inlroducti．on 

Robust almost disturbance decoupling problem with 

internal stability(RADDPS)iS tO fred a controller such 

that the closed-loop system is asymptotically stable，and 

satisfies any given gain constraint in the presence of 

uncertainties．Recently，【1j discusses the RADDPS for 

a class of smooth systems wim slructural uncertainty． 

However the RADDPS for systems with uncertainty has 

not been fully solved in the literature and there are few 

results on the ADDPS for time—delay systems．In this 

paper we ~ddress the RADDPS for a class of systems 

with time—delay and uncertainties． 

Almost disturbance decouplmg problem with mtemal 

stability(ADDPS)[引has been all interesting and practi— 

cal topic in control theory for many years．In【3 J，AD— 

DPS is solved in terms of necessary and sufficient geo— 

metric conditions，which involve almost controlled and 

almost conditionally invariant subspace． Since then， 
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various extensions tO nonlinear systems have been made． 

These works in[4]solve AD]DPs f_or a class of SISO 

nonlinear systems．In a different formulation，【5j dis． 

Cusses the ADDPS of linear systems subject tO input sat- 

uration and input additive disturbance．It is well known 

【6]that the sufficient conditions for solving robust 

H control problem for time—delay systems are often re— 

alized as linear matrix inequalities( )or algebraic 

Riccati equations(AREs)．However，these眦 s or 

AREs are dependent on the prescribed disturbance atten— 

uafion level y，and may not always be feasible when 7 

varies，especially when y is very smal1．Hence，the tra— 

ditional techniques developed in the literature for robust 

H control can hardly be applied in solving the RAD— 

DPS for time-delay systems．In this paper，a design of 

state feedback controller is developed to solve the RAD— 

DPS in terms of ，which is independent of y．In 

addition，further discussion iS made for the feasibility of 
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the LMIs in terllls of the equivalent modified ARE． 

2 Problem statement 

In this paper，we consider the following class of sys— 

terns with time—delays and parameter uncertainties： 

(￡)：∑ra +AA (￡)] (￡一di)+[B+ 
i=0 

AB(t)]u(t)+Dw(t)+[A，+l+△Ar+l(t)]· 

g[t， (t)， (t—d1)，⋯， (t—dr)]， 

(t)= (t)， 

(1) 

where (t)∈蕊 ， (t)∈监 ， (t)∈ and (t)∈ 

蕊 are respectively the state，the control input，the dis— 

turbance input and the controlled output；do 0 and di 

≥0(i=1，2，⋯，r)are the time—delays；Ai，B，C，D 

a陀 known constant matrices with appropriate dimensions 

(i=0，1，⋯，r+1)；AB(t)，△A (t)are appropriately 

dimensional ma~ices representing time—vargng parameter 

uncertainties which a陀 sometimes denoted as AB and 

AA for i=0，1，⋯，r+1；g[t， (t)， (t—d1)，⋯， 

(t—dr)]is known vector-valued continuous function 

and Call also be regarded as a pemlrbation for systems 

(1)．For oDnv~lience，we denote = (t—di)(i= 

0，1，⋯，r)， d as ，g=g[t， (t)， (t—d1)，⋯， 

(t—dr)]． 

The purpose of this paper is to discuss the robust H 

almost disturbance decoupling problem with internal sta— 

bility(RADDPS)for systems(1)．That is，this paper 

presents a suffi cient condition llnder which for any given 

)，> 0，a linear state feedback law can always be found 

such that the resulting closed—loop systems for systems 

(1)are globally asymptotically stable with the distur- 

bance attenuation constraint lJ Z(t)lJ 2≤)，lJ (t)lJ 2 

for all allowable uncertainties． 

The following assumptions will be used in the seque1． 

A ；unIp石锄 2．1 The uncertainties△A (t)and 

AB(￡)satisfy the following conditions： 

f△A (t)= Fi(t) ，△ (t)=风Fb(t)Ⅳ6， 

【Ff(t) (t)≤ ，， (t) (t)≤ ，， 

(2) 

where ，|7、r ，矾 ，Nb are known constant matrices、Ⅳim 

appropriate dimensions． The matrix—valued functions 

Fi(t)，n(t)are time—varykng Lebesgue integrable， 

i= 0，1，2，⋯ ，r+ 1． 

Assumption 2．2 Assume that D，B，风 and g sat— 

isfy the following conditions： 

i)There exist constant matrices Do，风。with appropri— 

ate dimensions such that D = BDo and = BHb
。
； 

ii)There exist a constant cf>0 and constant matrices 

E (i=0，1，2，⋯，r)with appropriate dimensions such 

g'g≤∑c E黝．． (3) 

The following lemma will be used in the proof of the 

main results of this paper． 

1七n呦 2．1[7] A that A
，
H，N a陀 real COn— 

stant matrices with appropriate dimesions．If F (t)r(t) 

≤ ，，where F(t)is a matrix—valu~ function with ap— 

propriate dimension，then the following matrix—inequali— 

i) 胛 (t)N+Ⅳ F (c)H ≤ 

￡-1HHt+ ￡N N
， V￡> 0． 

ii) 

[A+HF(t)N][A+HF(t)Ⅳ] ≤ 

A(，一eⅣ Ⅳ)一 A +e一 HH 

with e > 0 sausfying eN N < I． 

3 M ain results 

The following theorem is the main result of this pa— 

per，which shows that if two LMIs(5)and(6)are fea— 

sine，then the RADDPS iS feasible and a state feedback 

control law be constructed by the LMIs，simultaneously． 

Theorem 3．1 Under Assumptions 2．1 and 2．2， 

the RADDPS for systems(1)is feasible via the follow— 

ing form of state feedback 

(￡)=一(1+ ) X一 (t)， ≥0， (4) 

if the following LMIs on X ，Y and positive constants e， 

e (i=0，1，⋯，r+1)a陀feasible． 

。， ㈥  

r，厂· 厂 厂31 I 
0 f<0， (6) 

I1{ 0 ／- j 

FI：=AoX+XA 一2BB +￡BN；N t+ oH0H3， 

1"2：=x(i，Ⅳ6)，1"3：=(Al⋯ +1日l⋯ 研+l阮)， 
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I1 ：：blockdiag(一y，一(∑c E+r1)～，一eo，)， 

／15：=blockdiag(一，+e1N[N1，⋯，一，+e，+1Ⅳr lⅣr+1， 

一 el，，⋯，一e +l，，一e，)． 

Proof Suppose that X．Y are the solutions of U s 

(5)and(6)．For convenience，let P = X～，Q = 

Y～ ．Choose a Lyapunov functional can didate 

V： ) (￡)+∑I‘． )(，+ci~iiEi)x(s)ds． 
． 一 1 ‘一 d 

(7) 

Thus，the derivative of V along the closed-loo p systems 

(1)and(4)is 

： 2x'P∑( + f)Xd+ r+l+ r+1)g+i 2X P(A zSA 

2 ，P(B+AS)u+2x'PDw+ ∑(，+ 

c ) 一∑xdl(，+ciE~Ef) d．． (8) 

it follows from LMI(5)and the Schur Complement 

Iemma[8]that there exists an e>0 such that兄 ：= 2， 

一 e 
。Hb：一eN~Nb>0·It follows from Assumption 

2．2 and Lemma 2．1 that for叩 > 0，we have 

2x PDw = 2x PBR ow ≤ 

啦 PBRcB Px+77-1 w D6R； Dow． (9) 

Using(3)，(4)and(9)，we have 

≤2 ，P∑( + 1) +2x P(Ar+l+ r+1)g一 

2(1+叩)x'P(B+△ ) Px+x ∑(I+ciE~Ei)X一 

∑ (，+ciE~iEi)Xd+∑c d．一i 

g'g+啦 PBR~B Px+77-1w D~R'；1Dow． 

Let 

I 一 )， (10) 
where 

f Mo：=P(Ao+AAo)+(Ao+AAo) P— 

I (1+ )P[(曰+△曰)B +B(B+AB) ]P+ 

1 妻(，+。 最)+Q+r]PBR．B，P， 
l ‘ l 

【Ml：=(P(Al+AA1) ⋯ P(A，+l+AA，+1))， 

(11) 

then 

≤一 Q +77-1w D6R； Dow+znz ， 

where z：=( Xd：Xd：⋯ Xdl g，)． 
Next we shall show that 

n ≤ 0． 

Fo r any e0，e > 0，by Le mma 2．1，we have 

(12) 

(13) 

PAAQ+AA6P≤ 0PH0H P+￡ N o。 

一 (1+叩)P[(B+AB)B + (B+AB) ]P= 

一 2(1+q)PBB P一(1+ 

rI)PB(Hb。 +N[F[Hb：) P≤ 
一 PBR~B P — rlPBR,B P． 

(14) 

By(11)and(14)，we obtain 

朋r0≤PAo+A6P—P(BR,B 一eoHo月 )P+ 

e Ⅳ6Ⅳ0+∑c + +Q． (15) 
i=l 

In addition，it follows from the Schur Complement Le m— 

ma[ ]that (6)implies that there exist constants 

e > 0 such that I— e Ni> 0，and 

r+l 

A0 +XA6一BRcB +∑ +eo + 
I：1 

(∑c 尻+e Ⅳ6Ⅳ0+n)x+xY一 x<0， 
f：1 

(16) 

where ：=Af(I—e Ni)-1A：+e ， =0，l， 

⋯

， r+ 1． 

Then it follows from(15)and(16)that we have 
r+1 

Mo<一P∑ ． (17) 
i=l 

Furthermore ，it follows from Lemma 2．1 that we have 

P(Af+AA )(A +AAf) P≤ PTzP， l，2，⋯，r+1． 

(18) 
r+1 

Then(17)and(18)imply Mo+P∑(A +△A )(A 
I=1 

+AAi) P < 0．By means of the Schur Complement 

Le mma[8]
， (13)holds． 

Therefore (12)and(13)imply 

I，≤一 Q +叩一 w D6R"；IDow． (19) 

If w=0，then V≤一 Qx，which implies that the re— 

suiting closed··loop system is globally asymptotically sta-- 

ble． 

Next we shall show II z(t)II 2≤y I1 w(t)【l 2．Let 

(t)be the trajectories of the closed—loop system of(1) 

and(4)with initial condition (t)=0(t≤ 0)．Inte— 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


V01．19 

grating both sides of(19)form 0 tO t，we have that 

／~mln(Q)’『 ll ll ds≤ 一 II D6 D。ll’『 ll ll ds． 
That is，ll ll 2≤ ／II D担 D0 II 

／̂ iIl(q) t‘J ll 2．For any 

y>。，choosing 17 (y)= L 
． -f 

'7≥ (y)，then we have II 2≤yll t‘J II 2 which 

completes the proof． 

Remark 3．1 It can be seerl from 'I'h{~lgIll 3．1 that 

LMIs(5)and(6)are independent ofthe disturbance at— 

tenuation level y．For any given y > 0，the control law 

(4)caIl be easily constructed by n圮aI1s of MATLAB 

LMI r()olbOx[9]
． 

Theorem 3．1 implies that if LMIs(5)and(6)are 

feasible，then the RADDPS is feasible．It is usually hard 

tO present a suffi cient condition tO guarantee the feasibil— 

it)，of LMI direcdy．In order to present sufficient condi— 

dons tO guarantee the feasiblility of IJVlls(5)and(6)， 

from 'I'h{~rem 3．1，we obtain similar result based on 

ARE as follows： 

Theorem  3．2 Under Assumptions 2．1 and 2．2， 

the RADDPS for systems(1)caIl be solved by the feed— 

back law u(t)=一(1+ )B Px(t)( ≥0)if there 

exists a positive definite solution P for the following 

modified ARE 

0+A 一P(8R,8 一∑ 一e0风 )P+ 

∑c +e + +口：0， (20) 

where ：=A (，一￡ )一 A：+e- 1仃 ft，Q，e and 

ef are properly chosen constant positive definite matrix 

and positive constants with足 =21一e 风。风：一 
￡ Ⅳ6>0 and，一￡f >0，i=0，l，2，⋯ ，r+1． 

Proof The proof is similar tO that of Theorem 3．1， 

therefore omitted． 

The following remark presents sufficient conditions 

under which the modified ARE(20)is feasible． 

Remark 3．2 Suppose that(A0，B)is stabilizable 

and there exist constant matrices H0= 朋 00，A0f， ， 

and ef>0 such that Hi=朋 0f，Ai=BA0f(i=1，2， 
⋯

，r+1)and 

~iN'iNi< ，． 

足一∑[A0f(，一e )～A0：+e ：]>0． 
=1 

r+1 

Let (e0)：：足 一∑[A0f(，一e )-1A0：+ 
I=1 

e ：]一e0‰  ，noticing that the matrix—valued 

function (e0)is continuous function of e0，then there 

exists a sufficiently$nlall e0>0 such that R(e0)>0． 

It further implies that the modified AI (20)has a u— 

nique positive definite matrix soludon P，see【lOj．It 

follows from Theorem 3．2 that the RADDPS for the sys— 

tem(1)is feasible． 

Remark 3．3 From the proof of Theorem 3．1，it is 

easy tO see that the modili~ AI (20)and (5) 

and(6)are equivalent．That is，both Theorems 3．1 and 

3．2 give all~uivalent relationship to the RADDPS．It 

can be se∞ that the modified AI (20)is always feasi— 

ble under$oiile conditions according tO Remark 3．2， 

then the feasibility of (5)and(6)caIl be guaran— 

teed in this case．One of the advantages of using U 

in Theorem 3．1 is that the solutions are obtained without 

tuning any parameters．while some parameters are I1。一 

quired to be tIlned tO search for the solutions in the mod— 

itied ARE(20)． 

4 Conclusions 

This paper presents a ilew way tO implement a robust 

controller for RADDPS for a class of time-delay systems 

、Ⅳith uncertainties．A state feedback controller has been 

cons~'ucted by meaIls of U ．11le necessary conditions 

for the RADDPS are under investigation． and further 

analyses are carri~ out to consl~'uct dynamic output 

feedback controller to solve the R D】)PS for a wider 

class of systems with uncertainties． 
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