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具有时滞的不确定鲁里叶控制系统的绝对鲁棒稳定性 
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摘要：讨论了具有时滞的非线性不确定鲁里叶控制系统的鲁棒绝对稳定性问题．应用琢l皿啮 Gl硼删 I不等式 

和Ly'dt~ov泛函方法研究了不确定鲁里叶控制系统的鲁棒绝对稳定性井给出了系统时滞相关稳定和时滞无关稳 

定的充分判据．运用这些条件可以直接估计具有时滞的非线性不确定鲁里叶控制系统的鲁棒绝对稳定界和时滞界． 
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1 Introduction 

Luri~control system is a class afthemostimportant 

nonlinear control systems．Uncertaintiesina control sys一 

衄 nmay be duetomodeling eⅡ0 。n砣a飘lfe errol~and 

limatization approxim~ ons，and s'uch eⅡ0娼 always ex· 

ist．The robmla,,~ isthe nKlstimportant property con‘ 

sidered in the system design．Many seafches have been 

made on the robust absolute stability of Lurie control 

syslems[ 
． Grujic and Petkovski(1987)presented 

robust absolu~ stability criteriainfrequency∞d algebra- 

ic domainsfor atypeofLurie control system withmulti- 

pie nonlinearities．Tesi andV／cino(1991 )obtainedfre- 

quency domain criteria of robust absolute stability f0r 

L!／3ie contzol systemsinij~u"ameter space．Ni∞ (1995， 

1998，and 1999)investigatedthe robust stability ofLurie 

control system with interval coefficients and obtained 

some results．Since time-delay isfrequently encotmtered 

jIl v'ari．otls engineering sys~m ，'dae absolute stabiti~of 

time-d~tayLuri~control systems has also been explored 

OV~I"thepast dec如 、Koulshi andKokame(1999)dis- 

cuss。d the robtlst absolu~ stability of tlncertain Lurie 

control systemswithtime-detay by usingLMI．More re- 

eently，N'u．m(1999)gave a simple deIay_depend∞t sta- 

bility criterion for time-delay LIlIi~ control systems． 

H wev豇．there aI few l'eSlflts oilllobust absolute stabil一 

时 ofLurie control systemswimtime-delay． 

如 this paper，the robust absoltt~ stability of Lurie 

time-delay corllzol s3，sten~is studied∞d both delay-de． 

pendent and delay-inCip ient criteria are ． 

By using these pIⅨ conditions，one carlhrmaediately 
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es~nate廿le iD~llst stability boundⅢ】d time-delay bound 

ofLimc control systems witht~ e-delay． 

In the sequel，ll lI denotes the Euclidean norm of 

vector and ll AIl deⅡo嘧 ⅡleinducedEuclidean noltO 

ofmatrix A． (A)=告 ̂(A +A)isⅡle matrix 

Ⅱxa飘lre ofA． 

2 Delay-independent robust dbsohlte sta- 

bility 

Cousiderthe foUov6ugunccrt~ lbⅡIe control system 

withtime-delay 

t(f)=(A+AA( (f)，t)) (f)+ 

(B+AB(x(t)，f)) (t—r)+bu(t) 

(t)=c (f)， 

“(t)=，(d(f))，f(·)∈K[O，k]， 

(1) 

where ∈ isthe state vector，A，B ∈ 丑 real 

咄 咖t【na舡i。es鞠丘 ng Re (A)<0．b，c∈盛 

are real constant v~tors． ( ( )，t)，△曰( (t)，t) 

∈ 0⋯ [O，∞)ale l】∞∞r嘶n Il( Ⅱ~ fions， 

which arebomd~l by吐lefonowinginequalities： 

【l LxA(x(￡)，t)【l≤ ，Il△8( (t)，￡)《≤风． 

(2) 

K[0，k]is a sectordomain described by 

K[0， ]=tf(·)I，(0)=0；O< 口)≤ ，dr≠0t 

，(·)∈K[0，k]is a real continuousfunction． 

Th 舢 1 System (1)isIDbtlst absolu~stableif 

the f0lk州ing in。qualiIy holds． 

(A)+风+ l+【l B II+k II b II II c ll<0． 

(3) 

Proof The solution ( )of system(I)缸 t>0cm 

be e ssed as 

(f)=exp(山) (o)+J xp(A( 一 ))[△ ( )+ 
(B+AB)x(s—r)+ (d(s))]ds． (4) 

E、 ua吨 then0皿 ofboth sides of(4)yields 

f1 (f)lI≤ 

ll exp(m)IIll (o)II+j"~II~p(A( 一 ))II[岛ll ( )II+ 
(_lBll+|91)ll ( —r)Il+ _l b㈣cII ( )II]ds， 

(5) 

、vl1ere 

II 。II= 
。]
II (目)II- 

I廿 

y(f)- su p
。 

II ( + l- 

Tiros，y(O)= lI知_1．using 

II exp(At)II≤exp(／z(A)t)， 

we have 

(1)II≤ 

}l唧( ( )f)II y(o)+j" exp( (A)(f— ))II· 
(岛+Bl+_lBIl+圳 圳 II cII)y(s)ds． (6) 

Sett~ 

口( )=exp(v(A)( 一 )) (5)， 

thus 

口(O)：exp( (m))y(O)， 

" have 

"(f)≤ 

(o)+J (岛+ +IIBII+ II 6IIII cII) ( )出- 
(7) 

Applying廿Ie BellmamOronwelinequality to(7)yieads 

ll (t)ll≤ (f)≤ 

y(0)e。 [( (A)+岛+J91+『1B『1+ bl1l1 c11) ]． 

(8) 

nis evident that sys袒n(1)is mbIlst absolute stable if 

condition(3)holds． 

This completes theproofof．I1 D碉n 1． 

Since manix A is asyl唧幻血：皿y出衄e，for a#yen 

positive defimtematrixQ，吐lcre exists a,~ique positive 

definite m神 【P sa垃!啦加g followingmaUix equation 

A P+PA=一Q． (9) 

Theorem2 Syst~ (1)is robust absolute stable if 

thefo~owingtnequaaty holds： 

怕 ≤ 一II 8 II一 II 6 II II c II． 

(10) 

Proof Denote ；(_I B_l+口1)Il P ll and define 

the Lyatm ovftmcfional as 

I，( (f))： (f) (f)+yr ( ) ( )山． 

The derivative of V( )along(1)is given by 

l(1)≤ 
一  (f) (f)+ (t)Ez~t P+PAA] ( )+ 

(f)(B+△B) p2(B+△B) (f)+ 

蛳 (f—r) ( 一r)+y[ (f) (f)一 ( 一r) (f—r)]+ 
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Px(t)f(a)+ (t)Pbfia)≤ 

一 [ ⅢiII(Q)一 一 I】B I1+卢1) 11 P 11 

2 11 P I】一2k 11 b Il I】c P I1]11 (t)I1 = 

一 [ (Q)一21I B P1I一2kI】bI1II c洲PI】一 

2(岛+且)Jj Plj]Jj ( )jI 2， 

Ifcondition(10)holds，there exists a real number > 

0，suchthat 

lfl】≤ 州I2． 
This d~hlcesthat 咖 (1)istolxlst absolute stable． 

The proofoftIlistheorem is completed． 

3 Delay-dependent robust absolute sta- 

bility 

ConSul"theimce~ain【Jlrje conwol system(I)．Sup· 

pose matrixA +Bi8 asymptoticatty stable．For a give． 

positive definitematrix Q，them cxisls aunique posi~ve 

definiteⅡI xP satisfyingthefoHowlng rnaU~ equation 

(A+ ) P+P(A+B)=一Q． (II) 

Theorem3 System (I)is robust absolute stableif 

山e following inequality holds． 

|1iTL(Q)一2( + 1+圳 b 

j丽  )(岛+ +̈ 0+11 B 枷圳 ’ 

(12) 

。 ： ／ ≥ ． 0 。 ̂／ 可≥ 。 
Proof Sysmm(1)can be mwrit~eo as 

(f)=(A+B+△A+AB) ( )+ (t))一 

(B+AB)I [(A+AA) ( )+ 

(B+AB)x(s—r)+ ( ))]ds． 

(13) 

Let V( )= ．1he deriv~w of V( )along(13) 

is鲫 by 

)I 一 
1(13]一 

(t)[一Q+(AA+△ ) P+ 

P(△̂ +△ )]x(t)+2x (f)P ( (t))一 

2f (t)P( +△ )(A+△̂) (s)d5一 
J E— r 

2I ( )P(B+△ )(B+AB)x(s—r)ds一 
t—f 

2r ( )P( +△ ) 口(5))d5≤ 

一  (f)Q (t)+ (t)[(△A+△ ) P+ 

P(AA+△ ] ( )+2x (t) (口( ))+ 

1 (t)P(B+△ (B+AB)Px( )+ 

(e1)(A+△A) (A+AA) (e1)+ 

r) (t)e(B+△ ) ( +AB)Px(t)+ 

r ( )( +△ )] ( +△ ) (车2)+ 

r73 ( )(B+△ ) P2(B+AB)x( )+ 

r竞 酽( (岛))， 
where 

E—r< 1，南 < ‘，‘一2r< < —r． 

Suppose 

V(̈ 0)≤口 (t)(q>1，0 C-[一r，0])． 

By啦 Razumil~in’st。dⅡIiqIle， get 

I】 ( +d)ll≤ I】 (t)ll，( ： ≥1)， 
≤ 

一 { (Q)一[2(岛+卢1)I1PII+2k11 bIIII cIIII PII]一 

r[( 1+ 2+ 3)1I P I1 (II B II+ ) + 

口 (击(II A II+ ) 丧( 1+卢1) + l ● 
--  -1 k 11 b I】 11 c I】 )]1 II (t)II 2． 

Let 

7m= ， = ， 百 ’ ’ 

∞ II b I】II c II 

n 丽 ’ 
we have 

≤ 

一 [ (Q)一2(岛+卢l+ I】b11II cII)I】PII一 

2rqa(I】B Il+p1)(卢0+卢1+II A II+I】B II+ 

1I 6 I11_c 11)I1 P I】]1_ (E)I1 = 

一  Il (t)I1 ， 

whcl~ 

”= (Q)一2(岛+卢1+ II b 11 II c I】)I】P 11— 

2rqa(I1 BI】+卢1)(卢0+ +11 A II+ 

I】B II+ I1 6 c I1)II P II] 

If condi~on(12)holds，flaerea【i船 a real ntmabcr q> 

I，such that >0．This completes the pID0f of this 
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uheorc~ ． 

4 Conclusion 

The mbl】st~solutc stability of hⅡie control syst∞  

wi吐l tLme-deJay has becn studied．By using Lyapunov 

method， both &lay-independent and delay-dependent 

criteria have been季ven．The presented results aIe useful 

t0 estimate吐le∞bI]Ist stal~ ty bound and delay bound of 

imc~l-tain IAI~C control system with~nc-delay． 
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