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W RILE &SNS R ERSE, AXIRE Lyapunov RIEHEESH —FE&EL
FEREIBREIT O, XMFEITUEITEEREEHBN THRRAZEREN. AGER
X ET BRE R & ENEMEARTERS, HAEIEAT N T X ErE
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5 Rlis .-:xUmF:lﬂ%%ﬁfﬁF%"jE‘ WE, AmESHARKZET SR T EMAY. &
M, EEhr LM AT, H TIREAGT AR IRAERHERER, REABRERESE fﬁjt
AHE . ??a,ﬁﬂﬁﬁﬂﬁﬁmﬁﬁﬁ?ﬁﬂm% ELRETEESR T s TR
BeigkR, TEREERERHBNEIT —ERFEMNNEERRE W T HelLic
PR RE RS, XE (3] BREMBEEREIRTEEREE M 21 K
Th, SR [4] XAHRT MRt egR T BH SNEEN E, BT EIRITHI R 4
— i EE RS (RSB KD, ek [3, 41 H89 Lyapunov J5 RRERIRIR ARG AN #T
BE, UNTHERASIERER N, XEF EEEMARITREMESE, Sk [5] 32t
B EARGE AR ITHE — BRI & FRNATHE AL,

A I Lyapunov FaiEdEE IR Riccati HREMWM, BT —MEERTEE
BRI ., XA ERESRERNYE &, T E RS, BT ao R & R
/NG, BANE A DLE T SRS E SN TR AL & & TURY.

R ATE AR

x(t) =[A4A + AA(r())]x(z) + [B + AB(s(2))]u(s), (1)
A x() € R* BIRETE,u(s) € R™ ZBIBHIELE,4,B HEAHE Eﬁbﬁ%%ﬁ%ﬁﬁfﬂ?
B4R, B (4,B) 88, BEALUESHEE r(o f1 s EHIKRAMUE, BE
r(t) € CR?, 8(t) € pCR?, XEQPMIHAHEREE, EEMAESERERE D(*),
E(*x) WEFRNH

AXT 199146 H8 HIE].
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AA(r) = BD(r),AB(s) = BE(s), Vre€ ¢, s8¢ ¢, (2a)
21 + E(s) + E'(s8) > 0,Vs¢ ¢, (2b)
WFARHE ARG (1) EILER.
AN TERNTABWERSE (1), HE —REE T RIREH
u(s) = Kx(¢) (3)
FEARG (1) FFHRAEUESE r(o) € p,8() € o, RFTFEILIRE .
. WRILAL R A HE RS
T 1L NTERERHERSE (), 54AFHEERELEFE (2), HEX (2b) 41,
FE 6> 0,ME
21 + E(s) + E’'(s) = 61,Vs€ ¢, (4)
I S Bt s o
u(¢) = Kx(:), K= —7B'P (5)
ARG (1) #ERE, BATRREED, Kb AR v MESKH
Yy > 1/6, (6)
P &2 Riccati H#&E
AP + PA— PBR'B'P + Q =0 (7)
Y 1E 78 W, 5 TR A
R=1/(v6—1), (8a)
Q= [D(r)I'D(r)+ el ,Vre€ g, (8b)
N T A BAL R, e AR/ IER.
Bt — PR EH, LERITH & BRSNS TR ARSE R LK.
B 2. NThEAHERSE (1), B4 E 1 7F
0+ =0+ (r+1—75)PBB'P >0 (9
PRAL, M3 e 1 BRI EEEE G) NTHIRARYE (4,B) RE8H T REMH, L

MRS {Qs,1/7},1
B 1. R EINE RS A

AL R,

1k (1) j’%ﬁ[ﬂ,,} =

0 1 4 0
A == 0 0 1 |, B == { 0
57000 1938 —16 —14.25
G ILE &G (2),
D(r) = [--—-800 22.8 0.22461r(2), | v ()| <
E(s) =0.28(), |s()]| <1,Ve =0,
AEEL 6 = 1.6, = 7.2, EHE 1 BEBEREEHY
u(:) = [6000.8 332.4 5.4]1x(e).
I ER [4] FEBIANEBRTEEES

u(r) = [8800.0 483.3 7.71x(s)
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DR, AT HERITHEBREBH s R IR BN, LI 77 .

= PN RILEL SRR ATE RIL

MEARWREREZEN RS, ik [5,6] BARGH AT oML TR AL
B RES Y. B AR EE AT “RIEEAR”, MARZEN ZRiED, FIHEEEE
LR TR IIT R HET BIRH R LA R R R 4.

159, WTFRGE (1), BEEEsEl B A4,(x), AB,(x), A4A(*),
AB(*) W

1) AA(r) = AA, (r) + AA(r),Vr€ ¢;

2) AB(s8) = AB_(8) + AB(8),Vs< ;

3) R ARS

x,(t) =[A4d+ AA, (r)]x,(t) + [B + AB,(8)]u(s) (10}

1R — R

u,(t) =K,x,(t) (11)
VERT, N THREFERY r() € p,8() € o BATZRRBRED, WHKARE (1) 2r o
1.
TN 20, ERG (1) "4, BEHEARS (10) BELER, MZERHIRE u(s)=
Kx(z) fEHT,&8 (1) AREEEX
M (K) = max AA(r)| + n:éa¢xllA§<s)Kll. (12)

EN 3T, BERsg (1) T, BEREARSE (10) BILER, HHELE « >0,
P >0 bj.ai_l%}‘_:
L.(x,,t)=x,[(A4+ AA4,)YP + P(A+ AA,)

+ 2P(B + AB,)K _ 1x,,
< —aflx,l|’, Vx,€ R*, Tr€@, s€d, 1 =20, (13)

MEg (1) BARLERRA

M*(a,P) == 0.5a/2,.:(P). (14)
REU X THAR —MERSZ (1) ZRBENTED FE.
E I 3. 1:m %%’E (1) A543, BEMARS (10) WREILEFRMEA (2), K#EE
1 MEG (10) TR, e me 2850 K, XIREX (8b) &

o = n}giéllmm[Q D'(r)D(r)l, (15)
Nz K, e RE (1) ZRBENRITRHEN
M(K )<M*(“:P)5 (16)

Hrh P,K, HIEHE 1483 ,M, 1 M* 25g (12),(14) F5E X,
ATHRAZHWALERIR M™, a0 FHES K.
Bit 1. BEME AL (DRLE (7),(8),(15) Rpiy Q24 7] K

0(B) = (1 + B)Qy, B€[0,+0), (17)
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i Qo> D'D MR | T ke, NI 3 S RIIRAL, B (16) RepfyR I
ﬁﬂfﬁﬁx M* SEX T

M*(8) = 0.582min( Qo) / Amax [P(B)]. (18)
EBEA4 H 0<f <80 (18) K-
M*(8,) < M*(8). (19)
B 2. BN ARGEATRAGRE (1) R, Lh?
0 1° r 0
A = [ ; B = ]3
0 0- -1 -
ATHE A
ry 0 0
AA(T) = ], AB(S) = ’
—rz ?"3 —~ 0 -
Hrpa] S r(e) A (o) WHRE
()] <02, <1, <1,Vi=20
Al AR , RS RE PT 43 R AY , LT
AA,(r) = BD(r), D(r) = [r; r;l,
AB,(s) = BE(s), E(s) =0,
~ r. 07 ~ 0"
AAd(r) = [ AB(s) = .
( 0 ol ¢ 0
RIETEH 3. W 1 FIER 1 9] H1,0, = diag(2.1,2.1), 58 g =2, 18 QO = diag
(6.3,6.3). BIEE 1, 6=2,H8 v = 1.4, 5] B KM K, = [—2.619 —3.307].
(18).(12) K51 M*=02464, M, = 02,887 M. < M*, REHEL 1 A, X
IR & H a8 nl (B R4 TIRFAE.
SRR [5] BEIRI SRS Ko = [—2.646,—3.506], M ALECAIR M™ A2y 0.2377,
AR, AT BRI e Rl a4, R aEER/DN, AL AR, ML
N1 T ERI L .
Hift, AXTHREREBRBEZNVEETEA, TEIERREIG
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THE DESIGN OF ROBUST STABILIZING CONTROLLERS FOR
UNCERTAIN SYSTEMS

N1 Maorin' Wu HonNexINn

(Berping Insttiure of Conirol Engineering, 100080)

ABSTRACT

For a linear system containing time-varying matched uncertaintyies, based on the Lyapu-
nov stability criterion, we present a new method for designing a robust stabilizing controller 1n
this paper. The method i1s simple in compuation and the resulting controller is easy in un-
plementation. Meanwhile, the robusi control law can be made linear quadratic optimal with
respect to an 1ndex function for the nominal system. This method is also generalized to linear
mismatched uncertain systems. The examples have bown the effectiveness of this method.

Key words : Robust control; stability; optimal regulators; uncertain systems.



