#os ks B4l 5 31 b F R Vol. 24,No. 4
1998 4£ 7 H ACTA AUTOMATICA SINICA Jul. ,1998

_ﬁ*czzmizd]:u. Tj-irﬁtl-tz \%H'{Jafia'l‘z

EEEE RS
#z TEK # #

(iﬁ“f.‘tk"ilﬂkﬁﬁﬁu‘iﬁ FEALHE TWVERMBEARTRE M 310027)

\D"‘,I“ld.

b2

W ' PR SMEHRSFERE, RN RERM AN — R AN E KRR
4.8 T —FFict %E%ﬁ*%’i*ﬂ]%ﬁiﬁﬁﬁ% G T R RGE T IKREW T & F . HH
A —F N RERN A RGN H™RAE R R LR S 7 5 R & B BT R W etk S I R s o 2, B
_IJE:CHW# R¥} Riccati ﬂﬁﬁ%ﬁ{%%* A R A A A M, DT AR IR 1R Y T AE R A A AR
;],_';:_

XEiE) AT ERENERE,BBEE . RESEMR, ZIKFE ,Riccati H1#E

ull

1 5]

TR, FRARSEHRRESREAERABERASHNAHMESEINT RAER B C
SIETRZHRTAN RSB, X[1,2 XA ELIERS B T —FM AT E R 2 LA
248 Riceati H R E H 5, HFH — Riccati 7 B2 F M 15 F SRS B #l 4%, SR
EBREENEY. XBIHEX—FE#H Z2AFRIWEHN AT ELREN RS, S5
TN K TICZ RS RIREH A, 0, — 2R AR Riccatt TR FEMRS 2 F
IEIZ RS, e L4151 R F s g 7 B A B AR RS W 5 A0 B 7 B 28 4 i Wit
JEHI AT E RYERTH R A EE B A X — kT 2R EFRESMER e
B AR AN E AR T R A B T D2 B 8 T W 88 77 TE 0 7800 SR 8 A B /Y IR
T,

2 RERIBME X

% i — B AR AN E AR I R A
x(t) = (A, + DA, ))x@) + (A, + AA, @))x@ — d) +
(B, + AB,t))u(t) + (B, + AB,(t))ut — h),
x(t) =@, t €| —1,0], r = max{d,h}. (1)

DEFERBERS IR HE. (No. 63604006
WS ERE  1996-05-24




498 E| ] 1k, = i 24 &

Hffx@WeR BRRESWE @) €R” BEFIWARR;; A €ER™,A €ER”,B,€ R™"™, B,
ER"REMP AR EEHEME ;AL ),AA (), AB,(« YFI AB, (+ Y4 R REFE Y
WP ATEN R LHERE, BRREVNAHENE:d M A 2R RIEABT I EE.§@) E
C'l—7,0 | R EELZRE R, RN RAMIIE RS E.

AR—BHE, REEXFENZEAHEERF W TIER
AA(t) = H FQ@)E,, AA,(t) = H F(OE,,

AB,(t) = H,F(t)N,, AB,(t) = M\F()N,. (2)
B H,,H,,M,ER™;E,E,€ER; Ny, N,ER " RE MW EEERE. F@) ERIE—
ABF Lebesgue R STHY R HIKE FE R, H.i# 2

FT(OF (@) < 1. (3)

HA T RRBELERENIERE. T H X BAE A5 2 ZHERT R4 (1)~ (3), 5] AL
RSRBIER R 0@O=KxOFXLHGEHESHEN. BAIIATHEHIELEL4D.

EX 1. A HELERR RS (1)~ (DRI E _IKEREW , T RFEIE EXFRERK

P,R,R,ER"M—NIEHEE B>0, X EBAFNAHEN F( ), FEXKERFIERH £

u(t) = Kx(@) (4)
FREARRE (D~ GO WHEEBZLAITIEEA Lyapunov R
Vix(@®),t) = x"@&Px(@) + Jtﬂde(s)Rlx(s)ds -+ jt_ x' ()R, x(s)ds. (5)
X TFuE] ¢ p B0 2
Lx@®),t) <— B{lx@® |2, (6)

T £5 8)  (4D PR IR B R S B 5, AR B 4 (D~ O HI () B KB E Y.
3 it EBHEET

1 XS AT [F] B B AR S AN S S B A B KRR R (D~ Q) BT R H
FAF R R A (OB TIL IR SRR E R EHIT SR EE N T &4

SIE 1Y MFEEEFR S0, ELBEHMME X, Y (MBS AR ER
F@), P FOFER F @OF@<I,N

— }

2XT(OF (Y (2) < eXT ()X () - iYT(t)Y(t). 7

1 KREFEEENHEEPHEER >0, T A EMNEENRE R, €
R""HIEEAWFMATENE F( ), #1158
S = (A, + B,K)'P + P(A, + B,K) + PWP + Q <— BI. (8)
Hth W=H,Hi+A R 'AT+B,BT+H HT +M,MT,
Q=(E,+N,K)"(E,+N,K)+R,+ETE,+K"K+K"NTN,K.
MAFRFE D ~COMDE_KREBEN.
WERH. BRRFELEEXNPRER PR, R, ER™", —HH MR KER "M —IEH ¥ >
0, T EBAWTKATEME FC ) HBEERAER G L, MEABIALRERER B
EHRu)=Kx)G m%%?ﬁﬁgﬁ




4 B BRNEF R ARE S REN RIS B BREHE T 199

.X‘(t) = :(Ao + B K + H,F (t)(E, + N{)K)]x(t) -4~
:A1 <+ I‘LF(I)I‘L]J"Or — d) +
‘B, + M,F()N,IKx(t — h). (9)

% 8 Lyapunov PRV
V@) ,t) = xT @) Px(t) + j ¥ () (R, + ETE,)x(s)ds

t—d

JI x'(s)(R, + K'TN{N,K)x(s)ds,

t—h

HIFHAR RS (DR THE ¢ # F8CH
L{x (t),t) = xT(t)(PACD + AEOP)x(t) + 2xT(t)PH{}F(t)(E0 + N K)x() +

oxT()P[A, + HIFWE, Jx(t —d) + 2xT(¢1)P[B, + M\F(t)N, |[Kx(t — h) +
TR, + ETEDx(t) —x"¢t —d)(R, + KI[E)Dx(t — d) +

x' () (R, —I— K'NIN.K)x(@) —x'"(t — h)(R, + K'N/N,K)x(t — h). (10)

HA Ao=Ac+B.K. 2 Algr X QO KPP B M E HF WY A5 1, 3% R,=K'K,

] B 1) FH 6 B A < 2K (8) AT 15

Poniyt

Lx@,t) <—B|lx@® | ° (11

H E S 1 R PR R e KRR RE Y. EHE 1 184
FE1LNMREE—FEEEKER, EEMNKERE PERHM RI€ERHEALE

A 8 L, MIFRAF £ 4 (1)~ QO (O B & 1.

4 E‘@%Ej’ﬁﬁﬂ% ZI‘ 1

g L6 IP I3 2. 2, ATIR A9 /A% 1 A A SE T i s O - X4 F — Fr gy e BT A
ARG

¥ (1) = Ax(t) + Bu(t) + Dw(®),
z(2) = C,x(t) + Cu(®). (12)
Hdbx@)eRr  ,u(t) ER",wi) ER* ™ Hl z(t) E R T R R F R RMER A2 R4
(2> RSB, BRmARE, ILmANENMEERmERE;DE R Y™™, C, &
R(3q+m+ﬂ)‘ﬁ<n !CE E_ R(3q+m+n)xm6}%”j\j
D=[H, ARZ B, H, M.],
— [ET ET R;%' 0o o], C,=[NT 0 o I NTT.

u(t) = Kx(t),
SEWARRFEEREW . IFEHE HTBRNK
| (C, + C,K)(sI — A, — B,K)"'D| = < 1. (13)
TR R 1 AT —RERT AR RGUHY H ™ R [F] &,
AT fREN, RINTFIA T —HH A .
A r=rank(C,) ;U € R®T» X"y R E




500 B ) & 7 i 24 4

C, = UV, rankU = rankV = r (14)
FIE B HE—FER @€ R 77" 2
V' = 0,(Y4r =mit,D = 0). (15)

B X
E=Vi{yvH (oo (vvhH-'v,
MR AR TR EBE LR,

FI 2.4 PER™ "W R Q)X —MEM;Q FI R, € RV E4A EHIE X
MENAFREREODO~CMWHEZF 1 ARERXGE . FE—EH e>0 LSRR
Riccati 78

(A, + B,ENTE))™P + P(A, + B,ENTE,) + PWP + Q + eQ = 0 (16)

W — DD" + B,ABT + %BG@T@BE,

DD" = HGHE + AlRflArlr + BIBT T+ H1HF1F -+ Mlelri
Q=E(— NENDE,.
MRIEEXFBE P T, WA EE RN REN — 1 BEBEHEEH 2N

u(t) = Kx(@), K =— (EECPT@ + = )BTP =5C,C,. (17)

HEBA. MERHE RS 36 P e 3. 5 R, 7R RS

TR EHE 3 W T EH 2 PRYAE Riccati R (IO IEEX KB P I FESHE
M Q #1 & HEERIT %, F T LFR R AR [ Q=1,10 @ 7] A AEEWE Q5 X E
R4,

EI 3. BIXGFHE—HEEQ>0,D fl 0, HHEL Riccati 72 (16)FH IE & X FRiF
P,MXFEEHEASHRWERE O fIEEXNFE Q>0 FE—EFH e , HEBXM TR
] €€ (0,e" ],Riccati HTE(16)F IE E X FRHR.

HEBH. 532 e E R 2. 1 2810, M AbRg.

5 ik

N F—RRANBERMEAF A ESBHI AR RE, RE T —FH H 2R
A SR | 25 PEAT BB E W U7 1k B KA —UHK Riceati B BB 2| £ HI 0 &2
e, A —F M RN AE R H U R BSE & 75 R M 18 S RS R R w2
B AR T AR Y R S W)L

& £ X M

1 Petersen I R, Hollot C V. A Riccati equation approach to the stabilization of uncertain linear systems. Automatica,

1986,22:397—411

2 Petersen I R. A Stabilization algorithm for a class of uncertain linear systems. Syst. Contr. Letter, 1987,8:351—

357

3 Shen J, Chen B, Kung F. Memoryless stabilization of uncertain dynamic delay systems: Riccat: equation approach.



4 op e W 5E . — 2N 2 S A I RS T ic 2 G o i e 501

IEEE Trans. Auto. Control, 1991 ,AC—37:1022—1025
4 Mahmoud M S, Al-muthairi N F. Quadratic stabilization of continuous time systems with state —delay and norm
—bounded time —varying uncertainties. JEEE Trans. Auto. Control, 1994,AC-—-39:2135—2139

5 Choi H H. Riccati equation approach to the memoryless stabilization of uncertain dynamic systems with delayed con-

trol. Electron. Lett., 1994,30:1100—1101
6 Zhou K, Khargonekar P P. An algebraic Riccati equation approach to H™ optimization. Syst. & Contr. Letter,

1988,11:85—91

MEMORYLESS ROBUST STABILIZATION OF A CLASS
OF UNCERTAIN LINEAR TIME—DELAY SYSTEMS

SU HonegyE  WANG Jineccuene CHU Ji1aAN

(National Lab. of Industrial Contr. Tech. , Inst. of Industrial Process Contr. ,
Zhejiang Univ. » Hangzhou 310027)

Abstract This paper presents a controller for robust stabilization of a class of uncertain lin-
ear dynamic systems with time-delays in both state and control. The uncertain systems under
consideration are described by state differential equations which depend on time-varying un-
known-but-bounded uncertain parameters. The sufficient conditions for quadratic stability of
closed-loop systems are derived. The desired linear state feedback control law can be con-
structed by synthesis of an H™ standard problem of equivalent linear time-invariant systems,
that is to say, the static controller gain can be obtained by solving an algebraic Riccati equa-

tion, and thus the existence and feasibility of solution can be ensured.

Key words Uncertain linear time-delay systems, robust stabilization, state feedback,

quadratic stabilization, Riccati equation.



