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Abstract：The controller synthesis problem of uncertain systems with time varying delay is investigated．A robust con- 

troller with delay compensation is proposed based oll Lyapunov function method．The stability criterion of the closed-loop sys— 

tern，which is dependent oil the size of the time delay and the size of its derivative，is derived in the form oflinear matrix in- 

equalities(LMI)．Example shows that the results of using the method in this paper ale less conservative than the existing 0ncS． 
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含时变滞后的不确定系统的时滞相关型鲁棒控制设计 
岳 东 ，‘WON Sangchul2 

(1．南京师范大学 控制科学与工程系，江苏 南京 221008；2．韩国蒲项工业大学。蒲项 韩国) 

摘要：研究含时变滞后的不确定系统的控制综合问题．基于 Lyapunov方法提出了一种含滞后补偿的鲁棒控制 

设计方法．闭环稳定性条件由一组线性矩阵不等式表示．在这些条件中给出了稳定性和滞后以及其导数之间的关 

系．实例显示，利用提供的方法所给出的结果比以往文献给出的结果保守性小． 
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1 Introduction 

The study of stability and stabilization of time delay 

systems has attracted considerable attention over the past 

several decades because of their practical applica— 

fions[卜 6I
． In these works．the derived results call be 

classified into two categories，delay independent results 

in【1，5，6，11，13j and delay dependent results in[2— 

4，6，8j．Generally speaking，the delay dependent results 

are less conservative than the delay indepe ndent ones 

when the time delay is smal1． 

Recently，a number of research works were focused 

on the study of delay dependent method via memoryless 

controller for uncertain systems  with time delay．When 

time delay is time varying or constant，some memoryless 

controller design methods[ '6'8】were proposed  based 

on Lyapunov function method and first order transforma— 

tion[ 0I
． To reduce the conservatism of the existing re— 

suits，Gu[ ]used the discretized Lyapunov functional叩一 

preach to propo se a new design method of robust con— 

troller．The百Ven controller can stabilize the original 

system with larger maxinluli1 allowed value of time delay 

than the existing ones by other methods．However，only 

systems  with polytopic uncertainty and constant delay 

were addressed in[9]．It is not very easy to extend the 

method in【9j to the systems with norm-bounded uncer— 

tainty and time varying delay． 

For the study of stabilization of time delay systems ， 

memoryless controller and memory controller were pro— 

posed，see l2—6，8—13]flor me memoryless case and 

【15，16 J f0r the memory case．Although the proposed 

memoryless controllers are easy to implement，they often 

tend to be more conservative especially when  the past in— 

form ation on the system can be em ployed ．By using the 

past state or past input inform ation，delay dependent co-- 
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ntrollers were designed in[15，16]and were shown by 

examples to be less conservative than the memoryless 

controllers．The shortcoming ofthe methods[15，16j is 

that the time delay must be  assumed to be  known and 

co nstant． 

In this paper，we investigate the problem of delay 

dependent robust controller design for the systems with 

norm-bounded uncertainty and time varying delay．To 

get the transformed system ，a neutral model transfomm— 

tion and first order transformation[6I ale employed simu1． 

taneously． Different from the memoryless con— 

trollers[2_4，6'8，引
． the given controller has feedback of 

the current state and past state information．There ale 

two advantages of our method：fLrstly more information 

on the state is used to implement the controller，and see— 

ondly the time delay Call be time varying and the exact 

value of the time delay is not required to be kn own ．Th e 

derived stability criteria ale expressed in temls of LMI， 

which can be  effectively solved  by using various opti— 

mization algorithms[ 
． 

2 System description and main result 

Consider the following uncertain system wi th time 

varying delay 

(t)= 

[A+AA(t)] (t)+[Al+AAl(t)] (t—r(t))+ 

[B+AB(t)]／2,(t)， (1) 

(s)：95(s)，s∈[一 ，0]， (2) 

where (￡)∈R“and／2,(￡)∈醯 are the system state 

and the control input，respectively．r(t)is the time de— 

lay which is continuously differentiable and satisfies 0≤ 

r(t)≤ z一-and÷(t)≤d<1．95(t)∈ C0 is the initial 

function．Co denotes the set of all continuous functions 

from[一z一-，0]to ．A，Al and B ale constant matrices 

of appropriate dimensions．AA(t)，AA1(t)andAB(t) 

denote the parameter uncertainties which satisfy 

[AA(t) △Al(t) AB(t)]= 

DF(t)[El E2 E3]， 

where D，El，E2 and E3 are known matrices and F(t)is 

unknown time varying matrix which satisfies 

lJ F( )lJ≤ 1． 

Next，we give our main result． 

Theorem 1 Suppose that scalars r > 0 and d < 1 

are given．Then the system (1)with the control 

(￡)：YX一[ (￡)+I；Al (s)ds] (3) 
一  

is asymptotically stable for any r(t)satisfying0≤r(t) 

≤z一-and (t)≤ d<1，if there exist positive definite 

matricesX， (k=1，2，3)，Yf(i=1，2，3，4)andma- 

trix Y∈ 蕊 “and positive scalars cj(j=1，2，⋯，7) 

such that 

一  

r 

1A
T
1(A+A1)T 

f21 

{(A+A1)AlY1 
一

三2 y1 J 

02 

< 0， 

(4) 

r-Y2 Y2AT 1 

l ⋯0 5 一 IJ。’ L El y2 一e5 

『_一y3 Y3AT r3EI] l A
E：

I Y 3 一 2+ ￡6 lDT

一

0

0 c6I-
II<。' ‘6 

L E2 y3 一 

- I"4 y

+0B T
-

蹦

~7I -JBY X3 DD <0， c7Y I 一 +￡7 T ‘< ， () L E， O 

UBT+(e·+专e2+e3+e4)DDT+ 

专A·( ·+X2+X3)A~+专y4， 

nT=【XET号 专 专 o XET yTET】， 

： 【一丢r AT ：T一~Y1AT一~Y1AT 
一  ylA 一2"c T。。T。0 o]， 

三=diag((1-d)e3，号yl专y2专(1一d)Y3 

专ez，e·，e 

z(t) = ( )+j． ～；／2A。 (s)ds． 卜．r／2 (8) 
Using(8)，we design a controller as 

(t)：Kz(t)， (9) 

where K is a constant ma trix that will be deS ed later． 

Taking the time derivative ofz(f)and combining(1) 

]● ●●● ●●● ●● ●●J  
T1 T2 ’； 【I】 
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and(9)，we obtain 

2(t)=(A+A1) (t)+△A(t) (t)+ 

A]x(t—r(t))一Al (t一 )+ 

AAl( ) (t—r(t))+(B+△日(t))Kz(t)， 

(10) 

(t)= (t)，t∈[一 0]． 

Since the once derivative ofx(t)exists for t≥0，usmg 

the Leibniz-Newton formula，we obtain 

一  
))= 一 )_ t-r

r(1

／2

) 
)ds： 

(t一号)_ t-rr(1／2
)
{(A+AA(s)) (s)+(A。+ 

AA](s)) (s—r(s))+(B+AB(s))Kz(s)}ds， 

(11) 

for t≥一2r．Substituting(11)into(10)，we get the 

following transform ed system 

2(t)=(A+A1) (t)+△A(t) (t)+ 

AAl(t) (t—r(t))一 

f一；／2 

a,J 一 ( ){(A+△A(s)) (s)+ 
(Al+△Al(s)) (s—r(s))+(B+ 

AB(s))Kz(s)}ds+(B+△日(t))Kz(t)， 

(12) 

Construct a Lyapunov functional as 

( )= Vl( )+ ( )， (13) 

where (s)= (t+s)，s∈[一r， 0]， 

Vl( )= T(t)Pz(t)， 

( )= 

Lt(1)2；T(s) ㈤ Ldx ) ( 。 
j．：： ’j．：一r‘‘ T( )c ( )d ds+ 
r r‘ J

⋯ “ 

r r—r(r)广 l
—  l J 

f—r／2 J 

r f‘ J
⋯ ( 

T(s) (s)ds 0 

r( ))Wx( 一r( ))dvds+ 

T(s—r(s))Wx(s—r(s))ds+ 

L T㈤ ㈤ds。 
j．：： ’j．：一r‘‘ T( ) ( )d d + 

L ) ㈤ (14) 

where 0 is‘+’as r(t)<号and‘一’as r(t)≥号． 
P，T，Q，G，W and R are symmetric positive definite 

matrices． 

It is easy to show that as r(t)≥ 

j．：： ’j．：一r‘‘ T( )c ( )d ds≤ 
r r‘ l 

， f
— r Lf 

r r—r(r)r J 

r r‘ l 
， 厶  卜

- rlf 

≤ 

and 

-r( ))) ≤ 

2J-／_r(t)2；T(s—r(s)) s—r(s))ds， 
thus，v2(2；f)is positive definite．Moreover， ( )and 

( f)ale continuously twice differentiable in and 

once in t 

delay satisfies the case r(t)<号or r(t)≥号，we 

f)≤玑 ㈩ s)] 

I 三-+7『-+号R 一号P(A+̂1)A-一号 -A- I 
l—TnT。(A+̂1)TP一号Aj'r。一号Q+号e -盯Ej'E。A。+等盯r。Alj’ 
- = +专Q+专G+ ． 

一 Q+4ATQAl<0． (17) 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


Control Theory& Applications V01．2O 

l r TQ (18) l专
QA-一Q J 

using lemma in[14]，we know that under the condition 

(17)，z(t)is a stable operator．Then，combining(16) 

and using Theorem 9．8．1 of[7]，we can complete our 

proof． Q．E．D． 

Remark It can be found from(3)that only upper 

bound of the time delay is needed to implement the con- 

troller(3)although the controller has feedback of the 

current state and the past state information． 

3 Example 

Example Consider the following system[ ] 

(t)=[A+△A(t)] (t)+[A1+ 

△A1(t)] (t—r(t))+Bu(t)，(19) 

where 

A =【00] = l9]，B= 
ll△A(t)ll≤0．2，ll△A1(t)ll≤0．2． 

r(t)satisfies 0≤r(t)≤ r and (t)≤d<1． 

Choose 

D1= 。：=【。 2。?2]， 

【 ． 
II1[4]，it was shown that the maximum allowable value 

of r that guarantees the system(19)with d=0 is stable 

via a meⅡ10ryleSs controller is 0．3346．However，by ap- 

plying Theorem 1，we found that the uppe r bo und of r 

which guarantees(19)with d=0 is stable via the con— 

troller(3)is 0．5492．In other words，we can design a 

controller as 

u(t)=一[0．2132 311．0461]· 

【 c t +f；0 27o[0 一-。
．

1

9] c s ds]， 
which guarantees the closed ·-loo p system is asymptotical·- 

ly stable for any r∈ [0 0．5492]．If d=0．5，the 

upper bound of r which guarantees(19)is stable ViaⅡ1e 

controller(3)is 0．3927．If d=0．9，the upper bound 

Of r is 0．1298． 

4 Conclusions 

In this pape r，a robust controller wi th delay compen- 

sation was proposed for un certain systems with time 

varying delay based on Lyapun ov function method．Like 

the memoryless controller case， it is not required to 

know the exact value of the time delay although the de— 

signed  controller in this paper depends on the ctawut 

state and past state information．Since more information 

on the state is used，the西 m controller can provide 

better performance than the memo~less controllers in the 
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