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不确定离散时滞线性系统的鲁棒 H 控制研究 

邵锡军 杨成梧 

(南京理工大学动力工程学院·南京，210~A) 

摘要：针对一类具有范敦有界时变不确定性离散时滞系统，研究其二扶稳定化及鲁棒H 控制问题．基于线性 

矩阵不等式方甚．推导出了该系统二扶稳定的充分必要条件及确保}k范敦性能的充分条件．利用求解所导出的线 

性矩阵不等式的可行解，分别构造出这两种无记忆状态反馈控制器． 

美复词：离散系统；鲁棒稳定；线性矩阵不等式；时滞系统；不确定性；H 性能 

1 Introduction 

n世time delayis amajor s。 ofinstability and ell- 

counteredin Vll／ious engineering systems． le stabiliza- 

tioa and robust H。 problems of(I1ese systems have at- 

tracted many researchers(010i and C~ung⋯；Li and 

d幽 u日[2】； Yu
，

am and Su[3]； K叩na and Had- 

dadL4j)，butmost ofthem a∞ about continous systems． 

Onthe other hand，the prob lems of robust stability and 

H pⅡf0m毗 for discr~c-time systems with panmlet- 

rictmc~tainty have received considerable刮肛柚 (de- 

Souza，Fu＆,Xje[5]；n YC and xux ；Yu[7]and 

吐leir ctl。es)．Despitethe significantmle oftlmede- 

lays in diselete-time systems，little atlention has been 

paidtothe class of uncartain discrctc-time systerns with 

dehys．Robust stable androbustH∞control were con- 

sidercd in Song and Kim[ ]mld Mahmoud[ ]by usiIlg 

Lyalxmov functional approach． however me d~aete 

Lyaunov equationis connected in nonlinearity with sys- 

tcm stat~maU-iccs．itleadstom0fe d_曲 咖 tto dealwith 

Roomw l dau)：2(X}0—07—07：Rmris(xI dau)：~001一o1一位  

the uncertainties ofdisc1~~c systans． 

In this papc~．for a class of uncertain dJsclx~ dlne- 

delay systems，me cun~tiom of robust stabilizationwith 

adisturbanceat~ on y a∞inves~med．Thema 

ryl~ss smU~feedhack 00nⅡDUns havebeen constmO~ by 

solving LMIs l菌ng me ex~ ng efficient 00nvex o - 

ndzation tecbnj ． 

2 Problem statement 

We c~osider a class of uncertain ~'ne-delay systems 

mprescnt~l by 

( 4-1)=(A+△̂ ( )) ( )+A1 ( 一d)+ 

(B 4-AB( ))u( )+ ( )， (1) 

=( )= ( )， (2) 

wlm  ( )∈ is廿Ie stat~， (t)∈ isthe control 

input, ( )∈ is the distmbance input which bc- 

longsto12[0，∞)，=( )∈Ⅱ is廿Ie cunttollcd output， 

dis a kllown positiveintcg~ IcPIese卫 培 me amount of 

delay．The dmc-vmying uncertainties AA( )，AB( ) 

are assumed nom3-bounded mauves with 
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[ (k)LXB(k)]=DF(k)[El E2]， (3) 

whereD ，E1，E2 are known constant matrices and the 

prof~ly dimensioned matrix F( )is Unk31OWI1 but 

aolrn-botmded as 

(k)r(k)≤ ，，V ． (4) 

Inthis paper，suppose(A，B)is controllable衄dthe 

SUtt~ of system can bemeasured directly．W e will de— 

sign s诅te feedback control law for system (1)一(3) 

日曲 thatthe dosed-loop system is asymptotically stable 

砌 underm oirtilial eonditiom ．the closed-loop system 

is robustly stable and guaralltl：es that II ( )II 2< 

y ∞(k) 2，V0≠ ( )∈z2[0，∞)inaepenaent 

of delay． 

Bdl呲 main results，We give∞lne lemmas． 

Leln na1[3] Given arty co．rant squarematrixA
，
if 

there exists amatrix0< P = P stlehthatA PA —P < 

0 holdsifandonlyifthere exists amatrix >0 sll~2$fy- 

ing 

f一 1 【 
一  

J‘。_ 

lLaill~ 2[21 Giw a col~'tlmt lna~ocs 
． D，曰 

where ： ．then 

+E FT(k)O +DF(k)E <0． 

whereF(k)s,~fled (k)F( )≤ ，，if and ordyif 

妇 s0lne E> 0， +E一。E E +E口D < 0． 

1Laill~ 311] Given eonst~t m曲ic∞ f̂
，L， of 

耳 D 劬e~ OllS 搬e is 咖 IlclIic，for d > 

0，0∈ 班，then 

+朋 Le +LT盯e一 <0， 

if and only iffor amatrix0<Q=QT， 

+~trqt,l+ Q一 L<0． 

3 Robust stabiliT~ltion 

We firstly eonsiderthe unforced disll~ mce-free pot- 

6∞ ofthe actual 咖  

(k+1)=(A+△A( )) ( )+A1 (k—d)+ 

(B+LXB( )) (k)． (5) 

We are coneemed with desi啦 a memoryless linear 

趾e feedback control law 

( )=置l ( )． (6) 

日曲 thatthe resulting closed-loop system 

( +1)= 

【A+△ (k)+(B+LXB( )) lh(k)+A1 (k—d)= 

[A+△A+(B+AB)KI+A1 一 ] ( ) (7) 

is quadratically stable for all a&nissible un。目t n岫 ． 

where = ，0∈[0，h]． 

DefizfilJoxl1 The system ( )= (k)is said协 

be quadra~．,ally stabilizableifthe di ofⅡ Lya_ 

fllnction ( )= ( )̂ ( )s~iffles 

△V = +1一 = 

( )( 而 一P) ( )≤一a ll ( )ll ， 

for all ( )∈璇 ，where0<P=P ，口>0． 

TlIe0船 n1 Gi~ea￡>0缸ld0<Q= ，sy啦血 

(7)is 】ad哪jcauy s曲枷i恐b】e if and 0Ⅱly if nHe i~ist 

ma Kl and SylIllI~ icmatrix X >0 that 

(0 

(8) 

11籀a stab童Ii血蟮s0l嘶0n >0 andKi，then u(” = 

Kt ( )is血c red旺加血0l I删 ． 

Proof ByDefinition1，(7)isml~tly s恤b if 

Ps—P<0， (9) 

wl Ie 

S=A+△A+(B+△ +g- 1． 

Bykmn1a1，(9)holdsif and 0口lyif 

【 日 ： 。 ‘日+A le一 ’ 】c。， 
(10) 

where 

日 =A+BK1+DF(k)(E1+E2K1)． 

Def-~  

：  ：  ̈ 】． I (A+ ) 一 J’ 
It follows by SchI1r complement删 kmn1a 2，3，for 

soln。E>0 0(Q=Q ， have 

fx(a B K ‘ X 】<0'㈣ 【 1) 一J⋯ ⋯ 
whel~ 

f̂=eDDT+A1Q一 A ． 

Ⅳ =￡一 (E1+ 置1) (El+E2K1)+Q． 

using哿jn slmcoflll t(11)is equivalent幻(9)． 

The0搬 n 2 Given a scalar E>0卸ld an垴血ix0< 

Q=QT， 咖 (7)is ql】ad删jcaⅡy幽bili冽 eif删 

。

幔 
她 
一 

一 

嘲。 砥 

一 一 
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r f̂—X A +BY 0 0 ] 

0 E X E2Y

佃 

0 l 1十 一d l l 
0 0 一。一 J 

f̂—X AX+BKtX 0 0 

(AX~BKtX)r —X (E,tX+FaK1X)r X 

0 Etx+ X —d 0 

0 X 0 一Q一 

(n 

(13) 

Let Y=KX．from Theolem 1 we olxam(12)． 

4 RobustIt e~tttrol 

We am concernedwith dcd amemotyle~ linear 

state feedback eotllrol law 

(k)=g2x(k)， (14) 

suchtbatthe resul~g closed-loop system 

( +1)= 

[A+△A(k)+( +△ (k))j_(2] (k)+ 

At (k—d)+C-oJ(k)= (k)+C-oJ(k)，(15) 

=(k)= (k) (16) 

is quadralically stabilizablewith a disturbanee aUenuation 

7．where 

互 =A+△̂ (k)+(B+LXB(k)) +AI：一 ， 

== ，0∈[0，2 ]． 

r̂ f+7～C47r—X 

I 。0 
L 0 

Le如nm4 LetC(=)be a a~eal rationaltramferfunc— 

donmatr~withnonminimal rea]iT~ollC(=)=C(d— 

A)-1c．Thefo~owing statlml~l~ equivalent： 

a)Ais Sehur-stable and c(zI—A) C 。< ； 

b)Tlae~exists amatrix0<P=P s钏出 ng J— 

C PC．> 0 fllatthe illequality 

ATpA—P4-A'rpG( J—C．reC)一 cTPA+cTc<0． 

'llleorem 3 Given a scalar >0，system (15)， 

(16)is robustly stablewith adisturbance att~ualion7if 

there exist a scal~E>0 and amatrix0<Q=Q 飘，dl 

nIat 

。̂f+ 一 C cT—x (A+／~2)X 0 1 

X(A+／~2)r —X+X(C+q)X (研+ yr I<0 
。 0 (El+ 一d J 

(17) 

h a mb~ ng solution Xr=X >0，岫  ( )= 

(k)is山e de~ed control l删． 

Proof Bykm  4，sy啦m(15)，(16)is r y 

smble with H。pc时 m卸∞ 7 if 

雨 一P+ Pc( ，一cTPG)一 cT +cTc<13． 

(18) 

Using Sdmr co嘲pI删f瞄 andh拥ma1，3 and曲c 叩ph- 

cation of山e s卸吣et。cbni 舔 ．Il 。僻m 1，吐le is 

completed． 

IIe优哪 4 GivefI a scalar 7>0，sy曲锄 (15)， 

(16)is r0 stable wi血a血加 龇 ∞7if 

tllere exist a sc ￡>0 and amatrix0<Q：Q 或ldI 

血址 

Ax } 8z 0 

EIx + E2z 一￡f 

0 

C 0 

M0I。c f，a suitable control 1 is画ven by H( )= 

Z _。 ( )． 

Proof The pr0of c∞ be completed in a 血 r way 

Io11∞ 2． 

S C伽lc lsimIs 

For a class of lⅡI∞删 n discre 曲l 蜘 systemsI 

岫 p bas c0n sIlch that closed- 

lOop sy曲锄 isml~-'tly stable 血 a pI瞄 b H-per- 

如缸n薯曲：e．Two types of mel瑾Hyless state-fee~ k o0n。 

tmll~ havebe叮I desi 。d by∞Mng∞晡 n啪 s． 

0 

0 

一 Q一 

0 

(AX+ ) 

0 

0 

一 J 

<0． (19) 
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bination opea'ator and geneleap operalor continuallypro· 

duce llCW schclnata，while selection operator，on 0ne 

h蛆d。nlairI Ils the excelle~nt sclmm ta with high fit- 

n ，lmt Oil the other hand。falls into disuse bad 

scl3b~llatawithlowillness．simi~rywillaTGA，throu~t] 

genetic operatorpmcessing schemata，theindividualsin 

the population,,ontinuaUymovetowardsthe oplimalin． 

dividual in PGA． finally the opt~ al solution can be 

gained． 
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