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Abstract: As a direct design procedure for digital controller, sampled-data sysiem control has received wide atiention in
these years. Moreover, constraints are inevimable in industrial process control. Using practical stability of systems, optimal ro-
bust sampled-data control for a class of nonlinear systems with constraints on the outputs is considered. The resufts are described
a5 some matrix inequalities. Finally, an iterate slgorithim for sampled-data control is proposed.
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1 3[F (Introduction)

Bt G TR B A e TR
I, FREFE R RS RAEUE L, Bit
AR RN —f v, REERBEAEHET
THERT AT AR, TREE R
¥ RERE R R B Y2 B RENT R, XEEE
AENESEESN EERHESNHEEFER Mk
HEFRR  BRELMIT L  THTH TR
Bz M B GHAT R, BELLIE D — T2 B BT
ik RN, R LN RRT T (IEEE R
FHEHEHBME YRS FRBHRME
HaEs)sRTrEmERY  REEHAREER
TR, REEE FEEHEENKERHTRFEHE,
EME5 T EE A TR EME. BF Lifing
REBLR L, W, E PP AR EHERR
A LAH 24, cata TRegRl
SR TSR R RS RSB S D E R
THEMEY RTRBERENSELHESET R
RERERE.FH—FE, A TRESHESTHER

WoER B3 1998 - 12~ 03; WoRSECHR H 49 - 2000 - 06 - 06.

EERBRMEF B, AAERNYES Y Bt
KEH—ERANHARNALSZ — BBEBHEH
HETEEWM R = k3 AL B85 42 % f1 Guar
anteed Cost HH. W TFRBRREAMNREEH. T ER
PIGRBERGRN H, EH, REREH LQ EH, T
PLE L B, B0 A RERE NSRRI
BHEILER-TZH.2AXRALHE A0
AR —HEHFHRENB BRERKEE NE,
GRERA-WERREL.
2 eI Y (Problem formulation)

MTHENERY 8,6,B.0 < o, BIRINTIE
HRUERA

2(1) = Ax(1) + B¢, § € f(Cx + Byu),

y = (hx.
Hly@I <ond, BRAKE | y(i) | < 5,20,
MR IR

muinj' = J:[yT(s)Qly(s) + u'(s)Qus)]ds
(1)
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TR RERHEE, HF f c C[R, R 1,7(0)
=0,sER"ERZFENRE uCR"BEHNIEHES
A,y € R R¥H,A4,B,C,C, 1 B, RIE/EE,
Q1 REEEMNKRE, @, RIEEXNERE.
BERKERENFEAEMNTRAPEIER,
BT RERRAIELRH RSN, TR RER
NERRGE HRIETBEEZRF PR
¥a . TRATAARS IR AN —RE
2 = Ax + (B + HA(x,t)E)f(Cx + Byu), (2)
y = Cix, (3)
o fe C[R,R*1,/(0) =0, AHE £l <1,
AB,H,E,C,C, M B, RiBERIEM, A(x,t) B
Lebesque T ¥, Ak —BHBREE ATA< T R
AT REERSE
u(e) = alel, € (u.tal
ale] = Flg]x(s),
MARTENRES, Flo] BRRBCFEmBNYE,
M BT LU R4 ) 5 R 4 ) R e e

o[ Yoo 12 a-12]
C=[cC B, az=[cz 0],
NG|

ic
T
Flo] = [Flu] 01, Q= [CI?CI g]

3 EEZR(Main results)

RE1 HERE() ~ (6),% T4 Eay8f %
KBS, | y(0)l <&, cFRBEAMT,, Bb <
o HHEEEMNKRE (1,4, LABEENER
B P[] = Pilef] + (¢ - )V [ 1F Py[1] =
Piletl+ G- e Valul k= 1,2, E¥E 4,
tal3sarchrar ar A b,a18% + a8 < b, iC
Ple]l = Py[e] + P[], ¥[ep] = Yilee] + Yaleel,
Plet] = Pilet] + P2} ], AR TFREERSIRY

s ( S[:]1 Pl:1B Pl:1H
GRITFEREXD, {1} BFERZ, FFEAM Bl _t1 o 0. 1€ ( }
iq = T T T 1 =0,1 trthells
T, = tiy = .30 8(2) = (27(),2"(e )7, W ER 5Pl ] 0 ey
ElRE R h R 4 -
f(:) = A’:‘E‘) + (B_:f HAE)f(Cx(t)), (4) s,[:] P[:]B Pl:]R
x(t“—i‘h(“)‘kﬂu[tﬂ' ) B'Pi[.] -l 0 }50, t € (14011,
v © lwe o -gu
W R R MR () TR s H eE, ()
b AT BN
- P[] (A + BF[1)"P[e3]  F'[4]
P[:;1(A + BF[ 4] - Pleg] 0 :|<0, (9)
Fly) 0 - (1,007
- Pl 4] (A+BF[4,1)"Py[11] iE V% : € (4, tin] LABRAER Lya-
PLe;1(A + BFL4D) _pfa] %Y pmovEBN Vi(n2) = £P(1)E MV(eLE) =
(10)  z"Py[¢]z, 32
Pilt] < a1CICy, arCIC; = Palt] = 8C3C,, V(e,8) = 7P[4)2 = 2P\ [e]z + £ P2 ¢)2.
(1) WM fC)HEFRHRD FEERRL,

He
S[e] = ¥[2,] + P[] + ATP[:] +

¢i'CTC + L7'CTETEC + @y,
§i[t] = ilgg] + Py[e]A « ATP,[¢] + £5'C7C +
(iICTETEC + oL"C,
MR R 5 (1] = Flela(s), HREE(4) ~
(6) TRABBAERE. B | ()|l < s, 20.

B
YTOvy =2701% = D* V(¢,z) + 25"P[c](A% +
(B + HAE)f(Cx)) + £"Y[4, 1% <
- D* V(t,%) + Z7(Q; + Y]l +
P[t]1A + ATP[:] +
(71CTC + 5 PLe]BBTP[t] +
P JHH™P[:] + £'CTETEC)Z <
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- Dt V(t,%).

WAV G, x(6)) = V(et,x(13)) - V(n.x(4)),

kR (9)15E
G ] TQaal 6] =
e ] T,Q2aE 1] -
AV(h, () - # () Plulz(n) +
£ + BFL4)TPLet 1A + BF[1,1)x(5) <
~AV(y,5(1)).

RAF

J =J:[yT(5)Qly(S) + u"(s)Qauls)]ds

[T 0O0E06) + () @t )]ds
ij‘:t*'f'r(s)alf(s)ds + &y 1Tl ] <

Z‘)J:?’(— D* V(s,2))ds - AV(g,2(5)) =

"F
(1) (A + BF[,1)"Pst 1(A + BF[4,Dz(x) <
() Plyli(y).
Al LR R)EE
D*Vi(,x) -l y 2 e € (outpng ],
Vit 2 (e1)) < Vi), k = 0,1,2,-,
HamxmsIMER 1 TR, BRERBRTHESE
WL E R (2) ~ (3), A EREFGIE.
4 Fk 5B (Algorithm and example)
REEEFFIAGONABIAERERRE
HAMEEFGHTEZHBRETER . EEE
Pl AP L] MEHE BRITREBERSES L LB
E&AREHA, FENECR Fly], BAERFT
£ERAZBEERETSR. BAR(10) FHTHE
ERE e, HE
-~ P4l + F 4 1B"BF[ 4] +

V(1o,%0)- (4 + BF[41)"P,[:¢1(A + BF[y]) <O,
T ] = 4[] ZRAER £400% BAKROWEATUFRMBRRATIIFER
[ - Ply] ATPlst] F'4](T.0:)""
P1t]a - Plst) - PLet]1B(T.Q)'B"P[1t] PLe]B(T,Q)"V|< 0,
L(T,Q2)Flu] (T.Q2)"*BTP[11] -1
[~ P[] ATP ;] eF™[ 1]
P|[tI]:‘l - Pyf:t] —E—2P1[3I]§§TP|[1I] E'IP1[!"“E]<0-
L eFle;] e B"P (1] - I

TESHSEXEREAERNMBAR XE

IHR[61HEMHE

a) ESENNHBE o0, 8,0 He, Bk = 0;

b) K F ¥ Riccat H &
- P[]+ ATP[e}]A - ATP[:1B(T.0y +

BP[:1B)'B"P[11]4 = O,

- Pyle] + ATP (1t 1A - AP} 1B(*T +
B™P[111B)'B"P\ (114 = O,
wEENY Pl o], EEHBHE X[ef] =
Plet]. Xilst] = P[et]s
c) KRBT H AGAC{E RS

minf3
- Ply] ATP[e}] Flu(T,0.)
s.t. Pl;)a - FPltt]-8(P.X) P[tI]B(T}Qz)‘W} <0 (12)
L(T,0:)*F [ 1] (T.Q:)*B"P[11] -1
[~ P[] ATP 1] eFTlg]
pletld - #2P el - 8(P, X)) s"Pl[tI]E’} <0, (13)
L eF[ 4] e 'BTP [1}] -1
HLE&KAR(7),(8) F1(11),

H

O(P,X) = X[t 1B(TQ:) B P12 ]+ PLt31B(T,Qx)'B X [11] ~ X[ 2 1B(T,Q) "B X 1],
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@(P,, X)) =e2X,[¢;1BB™P,[s}] +
e 2P (¢ 1BB"X,[7] -
e 2X, [t 1BBTX, [ 11 ];

d) RE TR ILhE
min(irP [t ] + &Py[e1])
s.t.  FHER(T),(8),(12) M(13);
e) Flo(X[ef] - Pl ) 141 e Xi[ef] -
Pt | < p, 50, B0 g), 0 HITHEME;
) %‘,3 =1,k =k+1,%n,FWN,ETTHE,
&k
g) W X[ef] = Pl Xi[ef] = P[], B
=1, % d), % c);
h) & ¢ BEHMELFE, &1L, OFW B IB
R .
"FE%E&H'FﬁWJ RBH(2) ~ 3)MEBHN

: )
“lo2 -2
0.5 0 [l 0
H = ) = >
L0 0.2 01
0.1 IO] [-—20]
= » = ., Ca =10 0.5].
¢€=1los 3 ! 5 2= ]

HEERIFE(DSEN 0, = 10,0, = 0.01. B ESH
H8=0.2,06 =04 %REAMHIT, =0.01s,¢ =
0.0l RALRAEER10ES5BAFR) ~ (3)
sREEHE N Fla] = [-0.0131 0.5022].
5§ #%iE (Conclusion)
ERN—MEFEHYERERIT TE—F
BEGEFSIRTI ENER. A TRERELR
LEESESEEEMEHEEYRSRL Bkt
GHREEZAESRITTETREERATREEH R

BRI A CELEXN T X AR B RER
L HRTERHUARN - RERETHEESR
FEERERAEE FE, SRER - LERER
S BMEHGHT T EAEE M EEHBIET
BEMeENE BFEXHRN TR ARAERE
BEREREEFNZEORHANEA.
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