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g~ Bll'aCt：A class of stochastic time-delay nOlllinear systems was studied．A controller designed such that the closed-loop 

system was exponentially stable．It was shown that the stabilization via output feedback could be solved  by a Lyapunov-based 

l'e~ ve design method． 
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非线性随机时滞系统输出反馈镇定 
伏玉笋，田作华，施颂椒 

(上海交通大学 自动化研究所，上海 2ooo3o) 

摘要 ：研究了非线性随机时滞系统的镇定问题 ．运用 Backstepping递推设计方法，得到了使得非线性随机时滞 

系统镇定的输出反馈控制器的设计算法 ． 
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1 Introduction 

Stochastic modelling has played all important role in 

many branches of science and industry．An area of par— 

ticular interest has been devoted to the automatic control 

of stochastic systems．witIl consequent emphasis placed 

on the analysis of stability in stochastic mod els．Time 

delay is co nmaonly encoun tered and is often the resource 

of instability．It should be noted that the exponential sta— 

bility of stochastic differential delay equations have been 

studied by many authors， e．g．， KushnerL‘ and 

Mao[ '31
． In this paper．we shall investigate an expo — 

nential stabilization problem for a class of stochastic 

time-delay nonlinear systems ． Inspired by the recent 

work of stochastic free—delay nonlinear control[ ，51
． w e 

show that the stabilization can be achieved for the 

stochastic time-de lay nonlinear systems by employing a 

Lyapun ov—based recursive controHer design method ．The 

output feedback control is considered．Our results extend 

existing stabilization results for stoc hastic systems  with— 

out delay to control of stochastic time—delay nonlinear 

Received date：2001一l2—13；Revised date：2003一o4—26 

systems · 

2 Preliminaries 

Conside r the stochastic time—delay nonlinear system 

d (t)： 

／．(t，戈(t)，戈(t—r))dt+g(t，戈(t)，戈(t—r))d(￡J 

(2．1) 

on t≥ 0，where戈 ∈ R is the state with initial data 

戈(t)= (t)for—r≤ t≤0，(￡J is an ，．一dimensional 

Brownian motion defined on a complete probability 

space(n，F，P)with a natural filtration{ }I≥0(i．e．， 

=  { (s)：0≤s≤ t})，r>0is the time lag．and 

f：R + R and g：R + R ale locally Lipschitz coll— 

tinuous functions．Assume also that t，0，0)=0 and 

g(t，0，0)=0，so the equation admits a trivial solution 

戈(t，0)=0．Moreover，denoted by Lk([一r，0]，R ) 
there exists the family ofR valued stochastic processes 

(s)，一r≤s≤0 such that (s)is F0一measurable for 
r0 

every second and l E ll (s)ll Pds<∞forp>0． 

Definition 1[ ] The system(2．1)is said to be P．th 
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moment expo nenfi~ y stable if there exists a pair of con— 

stants > 0 and > 0 such that for all 

E ll x(t， ) ≤r／E sup II ( )ll Pc ，t≥0， 

(2．2) 

where P > 0．W hen P = 2．it is usually called the expo — 

nential stab~ in mean square．Moreover，(2．2)im— 

plies 

lim sup --l

t 
log(E ll (t， )ll p)≤一 a．s． 

(2．3) 

This left hand side term is called the P—tl1 moment Lya- 

punov exponent of the solution． 

Throughout this paper，we let 

LV( O Vf+_tr1 {gT g}， (2．4) 

where tr{A}is the trace of matrix A． 

3 Output fe!eI皿l砌 【control 

In this section，we consider the following system： 

dxf(t)=( +l(t)+ (y(t))+h (y(t—r)))dt+ 

gi(y)Td∞，i=1，⋯，n一1， 

d (t)=( (t)+ (y(t))+ (y(t—r)))dt+gn(y)Tda,， 

y(t)= l(t)， 

(3．1) 

where xi， and y represent the system states wim initial 

datax (t)= (t)for—r≤ t≤0，control input and 

to-be-controlled output，respectively，∞and (t)= 

[ l(t) ⋯ (t)]T ale the same as in the previous 

section．Given this system s~cture(3．1)，we assume 

that the output y is measurable，and ，hi and gi、Ⅳim 

(0)=o，hi(0)=0 and g (0)=0 ale smooth nonlin— 

ear functions，so the equation admits a trivial solution 

(t，0)=0． 

Since the states x2，⋯ ， ale not measured，we first 

design an observer which would provide expo nentially 

convergent estimates of the unmeasured states in the ab— 

sence of noise．The observer is designed  as 

叠 =露 +l+k (y一露1)+A(Y(t))+ 

h (y(t—r))，i=1，⋯，n， (3．2) 

where露n+i ．The observation errors贾 = 一露saris一 

d (t)=A (t)dt+g(Y(t))Td(u， (3．3) 

一 A = 

rgl(y(t))T] J’ 

] 
， I，g(y(t))T = 

0 ⋯ 0J 

stable．Now the entire system can  be  expressed as 

fd (t)=A (t)dt+g(Y(t))Td(u， 

l dy(t)=(露2(t)+ 2(t)+ (y(t))+ 

l l(y(t—r)))dt+gl(y(t))Tda,， 

{d露2(f)=(露3+k2(y一露1)+ (y(t))+ 

l h2(y(t—r)))dt， 

l i 【
d露 =( +k (y-露1)+ (y(t))+h (y(t—r)))dt． 

(3．4) 

Our output feedback design  will involve applying a back— 

stepping prcr．edure to the system(Y，：e2，⋯，露 )，which 

also takes care of the feedback co nnection through the 

system．In the backstepping design，Ⅱle ell'or variables 

zi ale given by 

y’ 

(3．5) 
=露 一 —l(互 —l，y)，i=2，⋯，n， 

where互 [露2 ⋯ 露 According to Ito’s differ— 

entiation mle[7]
，
we have 

dzl=(露2+ 2+ (y(t))+hl(y(t—r)))dt+ 

gl(y(t))Tda,， (3．6a) 

dzi (露 +l+ki贾l+fi+hi一 

Ooli
_

I( · ¨  )一 

Ooli 
_

I(露2+贾2+ +hi)一 

吉 y)TgI(y))d￡_ 

l(y)Td∞， = “，n． (3．6b) 

We start by an important preparatory comment．Since 

f(0)=0，h(0)=0 and g(0)=0，f(y(t))，h(y(t 

— r))and g(y(t))can be expressed，respectively，as 

ff(y(t))=y(t)f(y(t))， 

{h(y(t—r))=y(t—r) (y(t—r))， 
g(y(t))T：y(t)g(y(t))T， 

(3．7) 
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f一㈤Y 

Y t 

( (f))=l i I， 
L (())_J 

元 y t—r =

L 

h l (y

y

( t 

一

-

r

r) ) ]
J

， 

g

⋯

l(Y

⋯

t))T]
k Y t

． 

。 n 、 ⋯  

(冤，y =号(冤T ) + y4+ 耋z + 
l q(Y(f))dr， (3．8) 

2atr{g(y)(2 iTP+iTPim)g(y)T}+ 

hi(y(￡一r)))+詈y g1(y)Tg1(y)+ 

薹 c~l+l+klXl+ 
百~t2i_I(戈2+元2+ +『l1)一 

争 TgI㈩)+ 
2 
0ai

_ l 

q(Y(t))一q(Y(t—r))≤ 

一 110 ll ll +y3(口l+111)+ 

∑z (a +1Ii)+z (u+1I )+q(y(‘))一 

g(y(t—r))+( +妻 1+妻 1+ 

∑ 
i=2 

i—l 

∑ 
= 2 

)，， (t-r) (，，(t-r))ll ， 

where 

一Ⅱ0=一a min+3an ￡ l 4十 1+{耋 

Ⅱ ：丢 }+丢e}+ 3 f4Y Y y+ Ⅱl= } + e} + f y+ 

4 i
= 2 

；y(雷l(y)T雷l(y)) + (y)+ 

(3．9) 

T3anOny y) 孵-(y)T雪-(y)
， 

=

秘 + + 一 (3．10) 

+。+ klil 一 z一 

吉 y)TgI(y)+_43．-4 ,a ai'，_1)．~ 

号 y ( ){" 

丢去( ⋯ i-I 3 4_． 3ai_1 ．4_ 
(3．11) 

Ⅱn= -+ 一 

~ t2n
_

1(鹭⋯ +锄克-+ )一 

一 告 ()Tgl(gl Y gl Y)+ 2一 L + 

3 
17 

4
．  

3t~n 
_

1 ．_4

3 z + 
3^_ 4

+ 

4 y"
{
n

( ){ 3 l__(3~q a-I 4 

3 - 4- ~t／n 1 ,
．

4

，， (3．12) 

where > 0 is the smallest eigenvahe of P，and l， 

， ， ， i，I-ta andyi a地 positive constantstobe chosIeIl 

by the designer．The inequality O0I懈 from Young’S in— 

equality in Appendix B and the result of[4J．Due to the 

limit of the paper space，the details are omitted．At this 

point，we can see that all the terms can be cancelled by 

q，u and口 ．If we choose a，e1，e2 and r／i to satisfy 

一 Ⅱ0<0， (3．13) 

and q，口 and u as 

●一 

一 

+ 

+ 

_ 

后  

+ 

+ 

+ 

口 

／ 

ĵ ．1 
∑ 

∑ 
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㈩ )：( + 
i=2 

+ 

i=2 

1
+ 

∑∑ _L)y (￡)ll (，，(￡)) 4
,

ai4 " ¨ 川  ¨  川 。 ’ 

(3．14) 

一c-y一Ⅱ-一。南 ㈩)， {
口 一 c而 一 

(3·15) 

【H：一c
， 一 ／／ ， 

where ci > 0，then the infinitesimal generator of the 

closed-loop systems(3．3)，(3．6)and(3．15)is nega— 

tive definite ． 

LV≤一110 ll 一∑c 4． (3．16) 

Assumption 1 ll (y(￡))ll≤ ，where is a 

positive constant． 

Along the trajectories of the system(3．4)，by Ito’S 
diflferenⅡalion rule[7]we have 

dV=LVdt+(2a P P +y3gT)ao~． 
。 

(3．17) 

With(3．16)and(3．17)，we have 

d(e“ )=eCt(eVdt+d )≤ 

e“ rite 

一2 ll +寺y +寺 z 一 

110 ll 一∑c +e I‘y4(O)dO)dt+ 

(2a T TPgT+y3gT)ao~≤ 

eec(盯d￡∑z —c∑z4 + Jlel‘∑z4(O)dO)dt+ 

(2 TPgT+y3g~)dco， (3．’l8) 

where =c +薹 1+ i=2 1+砉薹 
1) 4，c = m in{ci,110}，z4 = ，盯。 

max{ â 2一 ， 1}and 
一

> 0 the biggest eigenValue 

of P． 。 

For any given >0，integrating both sides of(3．18) 

from 0 tO T and then taking expectation we obtain that 

e“E ≤口+(盯 一c)E eEt∑z (t)dt+ 
U =0 

Ê r 4 (0)d0d￡，(3．19) 

where口：( +耐 )̂sup E∑zj( )． 

Compute 

“  

i=0 

=  

j．一T-r f (0+r)A T ㈣ 刚 ≤ 

f (f? 。“dt)∑n ( )d ≤ 
一 r 0 i：0 

i re ∑z ( )d ≤ 

i=0 

¨  
i=0 

(3．2o) 

If C= d￡+e ̂Te ，substituting(3．20)intO (3．19) 

we obtain that 

eCtE V≤a+卢， (3．21) 

where卢：e e“sup E∑z4(o)． 

In co nsequence，since T > 0 is arbitrary，we have 

E ll (t) ≤ sup ll z(0)I1：e ‘，t≥0， 
一 r≤ tl≤ u 

f3．22) 

where II II ：( ) and ： 
i=0 

+ e ^ + ~tThZ"2e 

rnin{ a 2lHi ， 1}’ 

With(3．22)，we have the following stability result． 

Theorem 1 Conside r the stochastic time··de lay non—— 

linear system(3．1)satisfying Assumption 1．If a，￡1， 

e2， ，c and e are chosen such that 

C = 盯d￡ + e盯 r̂e ， ． 

then the fourth—moment expo nential stability is guaran— 

teed via output feedback． 

4 Conclusion 

The problem of expo nential stabilization was studied 

in this paper．It has been shown that the output feedback 

nonlinear control problems  for a class of stochastic time— 

delay nonlinear systems can he solved by using a Llya— 

punov-based recursive design approach．Our results ex— 

tend the existing stabilization of stoc hastic nonlinear sys— 

terns without de lay to the control of stochastic time-delay 

nonlinear systems ．The propo sed method can he  extend— 

ed tO the control of stochastic multi—time—delay nonlinear 

systems ． 

(Continued on page 757) 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


No·5 ZHANG Qian et al：Research on special LRP based 011 two-phase improved genetic algorithm 757 

(Continued from page 752) 

KUSHNERH J．On the Stability ofProcesses D咖  by Stochastic 

Diffenmce-Differential固幽l砌 [M]．New York：Marcel Dekker， 

l994． 

MAO X．Rdm曲嗡 s of expcom~ stability of stochastic differeatial 

捌 equations[J]．IEEE Trans On AⅢ Control，1996，41 

(3)：442—447． 

MAO X，KOROLEVA N，RODKINA A．Robust stabi~ty of Ⅲ 

taiIl c~rfferential蜘 gql~ ons[J]．Systems＆Control 

Letters，1998，35(5)：325—336． 

DENG H．KRSTIC M ．Output-feedback或Od c nonlill~ stabi· 

liT~tiOfl[J]．IEEE Trons On m̂ Contml，1999，44(2)：328 

— ． 333． 

DENG H。KRSTICM ．st0ck瞬icnonlinear stabilizatioll—I：aback- 

stepphag design[J]．两栅螂 ＆Control／,e／gets，1997，32(3)：143— 

150． 

MAO X．凸 ，llj aability of stochastic differential equations 

[M]．UK：Marcel Dekker，1994． 

[7] 

[8] 

KSENDAL B． ，Stocha~c Differential F_．quaa,~ 一 all lntwduc- 

tion withApplications[M]．New York：Springer，1995． 

HARDY G．IXI'II,EWOOD J E，POLYA G．1nequdit／es[M]． 

2rid ed．UK：C_．m~ dge Unive~ty Press，1989． 

Ap1pI B 

In this appendix．we IlSe Young’S inequalityt。] 

≤ 等· p+ 1 I，，I ， 
wl朔fe e>0，the constantsP>1 and g>1 satisfy(P一1)(g一 

1)=1，and( ，Y)∈ R2． 
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