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具有时滞的 Lurie型控制系统绝对稳定的时滞相关准则 
杨 斌 陈绵云 

(大连理工大学自动化系·大连．116023) (华中科技大学拉制科学与工程系·武汉．430074) 

摘要：研究了具有时滞的mluric型控制系统的绝对稳定性，利用矩阵不等式的方法给出了系统绝对稳定的时滞 

相关准则 ．与现有的结果相比，具有较小的保守性． 
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1 Introduction 

Many researc~ rs have investigated tile stability of 

feedback systemswhoseforwardpathis alineartime-in- 

variant syst~a andwhosefeedbackpathis amemoryless 

nonlinearity[’一 These feedback systems are called 

Lurie systems．Lurietype control systemswithtmae-de— 

layis allinlpol~nt system，becausetime-delayis c0m- 

monly encotmlcn~d in various engineertag systems and 

tile exisIcncc of time-delay makes tile stability analysis 

muchm0 complicated．Popov and14alertly【 
。 Somo— 

lines ’ 6tlldied tile stability of this kind of systems and 

derived solne stability eliteria，but the exis~g criteria 

all delay-independentwhich d0 notincludetileinfor- 

mation 0n delay．GeaeraUy．abal：ldollm~t of iaf~rma- 

don on the delay c lses conservativeness oftile criteria 

especially when tile delay is comparatively smal1．Re- 

毗1y，a delay-de mdem criterionforLuti~type control 

systeam with time delay in finite sector based 013 tile 

Razumikhin d 0rdn has beell derived[6J
． 

R∞棚 d~te=1999—11一{11：Revised d~te：2001—03—05 

In this paper．a n delay dependent criterion for 

Luril~type control systems with time delay in infinite 

sectoris given basedOIl allimproved Llpl~r boundforthe 

inner 咖 oftwo vectors． 

Them dedyingideato provide delay-dependent erite- 

rion has re~ormltotilefollowingin~loality：giveaⅡ。6 

∈ 丑 ， 

一
2a'rb≤ 们 =

N

inf
>O
{。 Na+6 Ⅳ一 6}， (1) 

whereⅡ indjc劬既 llIc虹alls口ose of ．Inthis case，the 

I b(删 of(一2a 6)is always e岫 血anOr equal 

幻 掰 0．1tl髓渤  the~pper b(啊】d叩lis not a esti- 

Ⅱl珊e． 

ToiEDpr theI聊crb0Imd of(一2a 6)，[7]曲，es 

∞甜 H fleematrix』lf s0衄  

一 2a 6≤ 现 = 

inf f(。+枷) N(。+枷)+ N-’6+26TMb}， 

(2) 

wlm  clearly 2≤ 们 ．1b∞ we have the fono~ ng 
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— 2J n6 (a)。(a) ≤ 

【 NM： ，㈤ 

f ( 一 ( )， (4) 【 
= c

T 
， 

、 

n ： +口 ≠( ) ， 

= 肚+ Ⅳ皿㈤ ， 
= l (a)∞(a) ， 

delayliesin[0， ]，i．e．，h∈[0， ]．Thenif岫  

砧

Xn

如X12芝1(0， ㈤ 
L砚 船 如 J 

X1l=(A+B)Tp+P(A+B)+ ( +P)U一。(rr+ 

X13= ATB 嘣 + Pb 1 
c +吉 

如 =一Q+曰 B UBB， 

如 =B B UBb+{ c， 

如 =6 B UBb+艮 b． 

Proof We D0tethat V( (I一口)，a∈[0， ]) 

is radially unboundwithl'eSp~tto (￡)．Now consider 

its derivative 

= l+ 2+ ． 

Sinceit[1oIds廿Iat 

(t)一 (I—h)；l t(口)d ． (7) 

Then(4)can be wri~n as 

(E)=(A+ (I)一日l (口)da+ (y)， 

(8) 

andthus恤 derivative ofV1 sa~fiesthewAation 

=2z (I)P(A+曰) (I)一2z (I)船I (口) + 

2x (t)Pb~(y)+ (I) (y)， 

andusingI．ammm 1 wm supply 

≤ 

(E){(A+曰) P+P(A+曰)+州 MTN+ 

t)N (̂ +1)PIx(t)+2z (t)pMrNBl∞(a)妇 + 
I一  ̂

l t (a)B Nt~(a)da+2xr(t)Pb~(y)+ 

[ + (I—h)+ (y)]≠(y)． 

Since V2and V3 yiem the relation 

V2= (I)曰T，忸(I)一l T(口)曰TⅣ戤(a) ， 

=  (t)∞(t)一 (I—h)∞(t—h)． 

0l0osiDg W = NMP and U = will yield 

V = Vt+ + ≤ 

(I){(A+曰) P+P(A+曰)+ ( + 

P)U ( +P)} (t)+2x (￡)删 (y)+ 

2x (I)WTBl (口)da+t (I)B f，皿(E)+ 

庳 ( + (E—h)+695(y)]≠(y)+ E) (f)一 

(I—h)∞(E—h)+ (y)一m4(y)= 

雕 一 (y)． 

Here =[ (I) (I—h) (y)] ，with s0lIle el- 

forts， ∞ show山m(6)gtlm"mlte~．s恤 negaliveneas 
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No 6 ‘ pc岫 。 fc~ SU~,itity of 1， Conm~研 §wilhTimeDelay 

ofV，whichinuncdiamlyimplies廿le absolute stabtUty of 

the sys~m ． 

ConsiderhⅡietype _m t control system with time 

de 

地  “  ， (9) 

【 =c 一 (y)． ⋯ 

usingthe sa Lyapm~ovfunction as(5)．'rncn calcu— 

lafing the derivative，one obtains 

= -+ + = ， 

= [ (t) (￡一h) (y)]T， 

r l1 l2 ] 

22 

L J 

ll = (A+丑) P+P(A+B)+ 

( +P)U一 ( +P)+ 

A B UBA +O + ff／TB +B ， 

l2=一 ff／TB +A B UBB
， 

l3=Pb+A B UBb+{犀， 

= 一 Q+B B UBB， 

∞ = B B UBb， 

= b'rB UBb一 
． 

Then wc have the foUowingtheorem ． 

Theocem 2 Assm~ that an uncclX~ltime．invariant 

de liesin[0， ]，i．e．，h∈[0， ]．Thenifthere 

exist P>0，Q>0，U>0and suchm缸 <0，then 

system(9)is absolutdy stable． 

3 Example 

We shall illustrate the lllts by llsil培 ∞ example． 

Considerfile system[ 

【： ：：；1=【： -。21J『l xI2‘(‘／ )1l+ 

r0 ： ：)】+ 
【_0．-0．32 1~ f))， 

y(t)=0．6xl(t)+0．8x2(‘)， (·)∈置[0，o．5]． 

= [ 'Ⅳ-尸=Q_，I =0．4,p 

2， have h ≤ 

『 一l 0·3 1 
L  0

．

2 —1．1』 

1．268，when we choose M = M l= 

吐l∞ obtainedh≤ 1．825．AndletI9 

= 0．5， = 1，M Mi，we have h ≤ 2．055，廿le 

largest boundis0．3053 and≠(·)∈K[o，o．5]viathe 

n~sult of【6J．Based∞ 0Ilr n~sult，廿le bound can be 

furtheri．,np~ edto 2．055 and (·)删卿 g the ii~fi- 

nit~sector conditioni．e．≠(·)∈K[0，∞)． 

4 Conclusion 

By using aIlew vector a~quaUty．this paperobtained 

a T删 d -dcpcnd~t abs~luts stability cfi~'ion for 

LRi~etype control systems with dm  delay．An example 

showsthatthiscriterionpersonasmuch betterthan sever- 

al existing criteria． 
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