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H. ROBUST CONTROL OF THE STATE DELAYED
UNCERTAIN NONLINEAR SYSTEMS

FU Yu-Sun TIAN Zuo-Hua SHI Song-]Jiao

(Institute of Automation,Shanghai Jiao Tong University,Shanghai 200030)
(E-mail ; fyvs80897@maill. sytu. edu. cn)

Abstract H . robust control problem of the state-delayed systems with nonlinear
uncertainties 1s researched. The uncertainties described by bounded norm are
concerned with both the non-delayed state and the delayed state. Based on matrix
inequality, the sufficient conditions are presented by dynamic dissipative theory
such that the systems satisfy H. robust disturbance attenuation performance. At
the same time, a memoryless state feedback controller that is independent of delay,

an observer-based dynamic output and a delay-dependent state feedback controller

are given.

Key words M . robust control, state-delayed system, matrix inequality.

13

1 5

BT BT EREE T ZHFETEM IRRES.OI . A TH B . BEREZ.
ENFE .- EERERAGABREWEREZ —. B, o H ER &% 6 R E— aiEg

W HB  1999-01-28 WM HEH® 1999-09-28




2 K REEHFH . FIELEHEBINWRSERERSG H. B EEH 225

XK. BB EER RGN HEE SRR, UM REAHELLR RG] R RIEH

W B .
AWHERB L EN AZERGLH

H. #ZRFBEEE T HMEZERNE R BT RS

2 ] Ho 688 03 it H kg r 2R A B BHNEERATRED V. A XX & A A HE

TR R R AT THIIE 40t T R GEME E F.. 8 M B0 30 58 V1 B 0 UL 19 7 5 2% 1

G REMBESH T TEEMNLICTZIRE R HER 2% 2 RS W &80 30 5 % o

2 ) A A Ak

R 45 ] 2 AR T 2838 AR S VIR 3 H 28 B BT | I

EERMTHEFAABETNARTSEERS

< y()=Cx() + Dyw(t), x()
Cz(t) = Cox(t) + Dou(t),

(X)) =Ax@) + Axt —d) + fx@),t) +gx(t —d),t) + bu(t) + Dw(t),

:O!t‘f\:oﬁ (1)

Ht x(DER,yt)ER ,z()ER ,u(t) ER",w(t) ER Ay HIR RS & 8w &, 177
AR, EHEE A RIS AGALA,,B,D,C,,C,, D, D, EBA BB E M
Fx) D) (FO,0D)=0),g(x(t—d),»)(g0,)=0)RRME&E,%HEMT HRMHE.

|f(x(@),0)] < allx@)|

H a,8 22 HIE L.
EXMBREWHEWT FMH,
1) w=00F , HHFBEG (1 X T

, llgx(c — d) | < Bllx(t — ), (2)

M) FR R 4% B H.. 8 8 I 5h = P GE HE Y .
CEBEWERX QM f.g RAERER

DAE >0 MFAEEAENT>0, |zl <V wlr VYV w€ Lg[o,T].&f R ()BT
B f.e R HP ol LWGEEXW .

|| =

B RE. %1t R HE u, 157
3 FELR

3.1 ZRIZRERME R FLIT
B 28t R (1)

b

PR OH 8RR R B B M R B R Ay R R TR AC LR A R A

L

coT(r)co(z-)dr} P < oo,

" "'I‘

v 0

ARG ()R H.. 8 8 P 3h 2 M 5B 7 .

SRR EE. A HFEELEUTE
Bi&%1. DID, =1, \Ti& I—D,D;=0.

TE1LMERERK(DOWH R/,
F) 56 B AN 55 5K
T A
ATP  —
P
P

B
||

X :

BIEASOASOUMMKREEERE P.Q.TWE T

PA, P P -
A BT 0 0
Q+ AP < 0, (3)
0 — A 0
0 0 — Al




¥t 27 45

s

226 ' Z] (te

BB 4 F IR 7S R Y A

u(t) =— (B'P + D;Cyx (), (4)
RN REHE H. S %030 T RE N, H

A = (A, — BD'C))™P + P(A, — BDIC,) + P(%DDT _ BBHP

CIC, — CTD,DIC, + Q + A,
ik B M B
3.2 ETFHRSHMF[MOISE L R IHREH 25181
i 7 LiIdfCRERBERSFHIRITE L, BEAFREAER2 T, B A
THRAETIRESWMIERN s S E R EEH SN ITE L. hETHRENT B,
Bi%2. D, C, D,l=[0 I].
WARGS(DOFPRSWM L BB WM T EH .
£ () = A () + Ax(¢ —d) + Bu+ L(y(t) — C,2(t)).
Hr x 2T RE.L BFFEEK. 5
e(t) = x(¢) — #(2),

WA W R RS
e(t) | rA, — LC, 07re() ‘+ A, et — d) "+ 0 () -
. = t
t )| L LG, A dLlx(e)d L A, dLx(t — d) - L-B-ﬂu
D — LD, " f(x(),t)] [glx(t —d),t)7]
w(t) + / -+ & : (5)
. LD, _ 0 J L 0 -

I MBERGE (D RBE2, BHFE LS04S0 RMHEEER P.Q, 8T
51| 46 e TR

bt

~ A PA, P P -
M, — AP — Q + 22,31 0 0 % o)
P 0 — A0
r 0 0 — A
AL, HOL i T AR
-0 07 T 0 07 g .T 0 (D — LD)DL"
_LC, 0. b P_ .C, 0 | VEPL.LDl (D — LD)T 0 -P T
-0 CIC,-
e |=0, (7)
AR A F 1 H 2R
u(t) = — 0 “TP-E(LL) l=— BTP,x(¢), (8)
LBd Lx()d
EHRAKFRER), S)WE H. BB =W EaEEN. Kb
. TA, —LC, 07 A, — LC, 07 ~C;C, 0
S R al UL a TSI CIC,-



2 BA REFFE . FEXUEBEINREEREG W H. S8EES 227
1 (D — LD)YD — LD)' 0 T
"_E'P : r,
7L 0 LD,DYL™ — ¥2BB"_
. "A, 0 P, 07
AE — , P = .
L0 A, L0 P,
iEBH. &
. TA, —LC, 07 . T107 . rD—LD-
Al — ~ ’ B = ’ D = ’
. IC A, LB . LD,
. L . f1 . Tg7
C2:[(/2 (/2]! D, = D,, = » £ = ’
() 0 -
il
oy
1A = |lfII < &lx||? = &lle + x||? <T 2% (Jle]|® + [|x]*) = 2a°|
X
5] 3
) e || °
1gll* = |lgl* << 2%
X
EH1e] 5, IR
C A PA, P P
AP —Q + 2481 0 0
<_ 0,
P 0 — A d 0
P 0 0 — Al
Hr
A =(A, — BDIC))'P + P(A, — BDIC,) + P(5:DD" — BEDP +
C;C, — CiD,D;C, + Q + 24,01,
R 2 2w ¥ ) ax
. Te® 01 Te(s) T
u(t) =— (B'P + D,C,) o P = — B'P.x(#),
2 Lx (1) - LBd Lx(¢)- :
FIBHHREE (8),(5) e H. 2 ¥ sh T M GE 4E .
B E RBESHEH2PHEE,BES5 8K Ad%iE T, iIF EE,

3.3 KM TERNRSRIRE B &gt
R T LiEiCIR SR BMEE R BXL L . EEHAEARZITP . NZARFTAARS

ER,LABPCHETE. B EERAZNMRP . WREB TP HERER . BEF T
DARSEYE. R T X —F VB RKE T EEARES R BE R 2N IRITEIE.
T3 NMERLE (D EMIFL, BFETE A, >0,A, >0 K ol B Q) I Xt # IF £ 41

M P, %

Q) =(A +QONQM®), 0<t<d, Q) = A,, (9)



228 H 2] (34 = {4 27 4
- A M — CID,BTP 0 P P -
M — PBDIC, M 0 P p
M, = 0 0 ABI 0 0 |< o, (10)
P P 0 —Aid 0
i P P 0 0 — Al
AR R 28
rd
u=— DIC,x(t) — B"P(x(t) + | Q(D)x( — vHdr), (11)
o D

FEANRRGEHE H.E8Mah TR EGEHEN. K
M = (A, + Q(0)TP + P(A, + Q(0)) — PBE™P + -PDD'P,

A=M+CIdI — D,DIYC, — PBDIC, — CID,B™P + A,d*I.

IiE FH M W .
4 ZEE

AXHRTELEUAHETRSEEREN H . BEEH B £ THEEASFN, S
HTRGHE H.- 8BNS ERERENN T RGN RGEME T T ML TER
MBS R H 4 2 TRS UM 28 p0 3h B f b 5158 £ ) 48 AR 8T 288 HR A
RBEH B RITEE. N BERE, ISR E R BE S 28 &4, HEHREH A5
2, B EAE T RS S5t kB BEERRERITH, M ETTHHR S
E R, LB AR B EERE RGP, MRS TP HEREE &R/ F T 5
DERSEEE. B AR SFHERE KB TR B MRS R BREW S RE . BERERANEIR.
B & A LB, RBEMRIE K BR IR 0Lk B . AR, T R4 W R — E YR ST 1, (B Z 4
T b B 2R 1 ) F AR it R R B

g F X W

1 Isidori A, Astolfi A. Disturbance attenuation and H.. control via measurement feedback in nonlinear systems.
IEEE Trans. Autom. Control,1992,AC-37(9):1283~1293

2  Goubet-Bartholoméiis A, Dambrine M, Richard J P. Stability of perturbed systems with time-varying delays. Syst.
Control Lett. ,1997,31(3):155~163

3 Lee ] H, KimS W, Kwon W H. Memoryless FH.. controllers for state delayed systems. IEEE Trans. Autom.
Control,1994,AC-39(1):159~162

4 Choi H H, Chung M ]. Memoryless H.. controller design for linear systems with delayed state and control.
Automatica,1995,31(6):917~919

5 He JB, Wang Q G, Lee T H. H.. disturbance attenuation for state delayed systems. Syst. Control. Lett. ;1998,
33(3):105~114

KREF 19724 LEBXTERFHIAFTLE. HNESESELXEEH FE B

HIEE 1M46F 4. T BXEKXKYENUREER.ZFET. BN THREESEARFEHTR.

A 1933484, FEXAKRFEHMEFAR. BLASH. BN ESREHSBEENEHF
T B B 5%




