19 % 2 H z 1 % iR Vol. 19, No. 2

1993 4£ 3 A ACTA AUTOMATICA SINICA Mar., 1993

-y
)

M X3

BT IR REZ ST T &
fE#® ZZ£8& # A

(db i T 95rs 100080)

" =

NTRMEATERGE, AXHET Riccati FERIEEHFBELY —FEiT 8 8BEE B Fl
= . i EHE . TS R IFNRESI BT . HEREWNEHRREEX —Z
ZRA. XM FERNESZIRITRE LI E.

KM RHER L, S, IRE, BB R SR, TR,

T~ EBHEEE R A R EREREX S 2 A , X2 H T2 I 8204 R 5
o TRERTE RS, HREREGlas a0 RERE 70 £ BB BRI RN, KR, i‘ﬂ:
i 2 TRESL pRIAlE ,%%’Eﬁ”EF"é‘ﬁfﬁﬁﬁfh,ﬁﬂ&?.ﬁﬁﬁﬂ%‘ﬁﬁﬁﬁmﬁﬁﬁf%U%"?}Tﬁ%
R ABI TR RETE PR, Kk, SBREAEHIES IR RBHIE A BT F=HE TR K
mﬂf]( {2 3]

1986 4, MR 21 % TERMILE AT E RS, & T Lyapunov FEMNEEBEEITH—
MEEREERE S, XESRBENBYET, N THE RITFHNRES T, B R #
— R E R BNl R, XTELE FRAE Y., Rifi, XRDRIFEEREITELRHE
P BRE R U EE , 1t B Y E 4, 3 B iR a3 Gl 28 R =r QU3 IEE K), 1987 4,
NERDBIRHARERBERAX A~ SBEREEE B 5k, FHERET scEki214
73 R PR S, Kli%ﬂéiﬁ?%&fé%ﬁﬁﬂiﬁﬁﬁﬁmr%g& B, XEkl2,318F]
AT Lyapunov J572, B LIS AMERERRY) RET AN B E., RN iZEYR,.S5
RPN SRR ERBIIERBAER/DG R,

AR HRPE Lyapunov FREMERIE,ZE T Riccati HFEMEESEA R —Mikit &8 i
IR PR Ha IR G . 53002, 31 E, ZHFBEATEM BRI RE M EE, bARH
AE R B R, Rk s, ﬁﬁgﬁflﬁﬁ'ﬁﬁﬁ Blasy i /N, BT LESLI, BN,
RIEX T T R T D T SR IR RSl g 1 TARTRIET RS R B,

i —

AT 1991 12 /18 iz,




214 = yRy b {4 19 %

. At 5E X

ZREHEATHE RA
> #(e) = [A+ 6A(r)]1x(e) +.{B + AB(8)Ju() + d(z),

y() = Cx(1), | (1)
A x(2)€ R* BREEE,u()e R* 2BHIER,y(1)e R? i E. 4. B ﬁuc
BV AZERH (4,B) A/, WRAEAHHEESHBER rc pCRY, s€ $CTRY,
e ATRESE,dt) e wCR" ZILFIRE,
H RS R R D(x),E(*) RN

AA(r) = BD(r),AB(s) = BE(s), Vré¢ ¢,s€ ¢, (2a)

p i

)4
2] + E(s)+ E'(8) > 0,Vs€ ¢, (2b)
MFRATE R (1) ZULE R,
AT HE,5IATEE X:
EN 1Y BE Y, CRY,wC R, N T LK 54K K, € R**",K,€ R"*k, M € R¥>*",
Ne R¥t [ Le R, g —A (n+ k) BT ARG
x(t) = A(r)x(¢) + B(8)[K,x(z) + K,q(¢)] + d(¢),
g(z) = Mx(¢t) + Nqg(¢t) + Ly,(¢) (3)
A NHEFRMERA, MR u=Kx + K,q AHERHITRERE,
i) NEBFaEd:, 5 RGN MRS
x(¢) = A(r)x(¢) + B(s)[K,x(:) + K,9(¢)],
g(e) = Mx(t) + Nqg(t), (4)
N THERESENL rep,s€ ¢, FRFEEHIREE.
i) BEREEYE, N TAESEIRE x(0)e R”, q(0)e R RIEE rep, sc ¢,
y,(*)€Y,, d(*)€ 0 ,B3EF t — 0 i, y()—y,0), | y() = Cx(2) AHRZEGHH
Bt ,x() BAZ()HIRE.
AKNEBPLTIER, M TRE(D) . BRECWMELE&ZH(2),H d) 1 »,G)BA4K
RS, R — A e & R IR B 2
u(z) = K, x(2) + K q(¢), (5)
FER2E(DNEE y&) HERESZRAES ».(, X8 q() BATSBEIER B
mEIAR 2 45 NiAE, K5E XA
g(z) = Cx(2) — y,(s), (6)

—=. SBRER RS E

(DA NG REA
z(t) =[AT+ AA(r)]2z() + [BT + AB(8)lu(z) + &, (7)




2 W BEMF: Bl R REwla T RIF G &% 215

P el Py il

e T P — il

Hrh z() = [x'() ¢'BT,.

A4 0 A A 0
AT = y» AAT(r) = | ) },
Cc 0. L0 0
- B AB
Bt = 5 , AB¥(s) = [ (s)}, (8)
i 0
£ ={d,—y 1 XHEEHRAE,HTS
D (r)=[D(r) 0], E*(s) = E(s), (9)
itk
AA* = B*D*(r), AB* = B*E*(8), Vre€ @,s€ ¢, (10)

DR, W AL () BRI, TE RS N B % .
#E1 HFRZ(BERD &) MEBERA 3.() BANBREE, B A%
LR (), (26) AL EE—A 5> 0 R

A ¥

21 + E(s) 4+ E'(s) =081, Vs€ ¢, (11)
BRI  RGE(T)HR (A7, B*) A #E, Wi 7 R il
u(e) = Kz(t), K= —7v(B*)YP (12)
NG ITREAEE], RS v > 1/8,P > 0 2§ Riccati 52
(A*YP + PA* — PB*R™(B*YP + Q = 0 (13)
HiE , A R I E R 2 3 I T
R=1TI/(vr6—1),0>[D"(r)ID*(r), VYre ¢, (14),(15)

K DF(r) H(9)KE X.
k. 1) REREE. ZRS()ANMERE

z(¢) =[A" + AAY(r)]z(:) += [B* + AB*(8)]1u(s), (16)
EEEICI2)MERT, B (16)F R RH
zZ(t) ={AT+ AAT(r) — v[B* 4+ ABT(s)1(B*YP}z(s), (17)

MG IR E IR V(z) = 2'Pz,H(9),(10),(17)XA
V(z) =2 {(A*YP + PA* + PB*D*(r)
+ [DP(r)1(B*)'P — 2vPB*(B*)'P

— yPB[E(s) + E'(s)1(B*)' P}z, (18)
ZRBIAE
XY +YX<XX+YY, VX,Y € Rextntp) (19)
H
PB*D*(r) + [D*(#)V(B*)YP < PB*(B*")YP + [D*(r)VD*(r). (20)

i 3(13),(14),(20)3 & (11),(15)3K, H(18) &
V(z) < z{—Q -+ [D"(r)I'D*(r)
— yPB {2+ E(s)+ E'(s)—6l11(B")YPlz <0,
Vz 5% 0, (21)
X z(e) = 0 ZRE(16))H9¥ £, W Lyapunov FUEMEIRERIAN, RE(16)ERERA




T -y S ey S ey S

216 = ) £ i 19 %

i1) FrmiREEE, FREN(16), (17),FERHEICIZDBER T, RE(T)R[ERRA

z(¢) = A7(r,8)z(2) + &, (22)

Hi A (r,s8) WA THERESBHEINL reop,se ¢ BAHFRREN. HMZEEEL
FERE, G5

z2(t) = A (r,s)z(e), (23)

BH1% 1 — oo if,z(e) > 0,8kMm () — 0, LY ¢ — o0 Bf,y() — ».(2).
XEEHEENX I T4, 28/12)RERE(ONSBHITIREEH , € 8BS,
E L. 91 B &1 (15),1: & H AR RE Q BU PR Mhde #8512

Q = block-diag(D*1,,0,) + Q,.

Hit D = {max|[D(r){:r€ ¢},0, HER (n+ p) BriEFEER.

ik 2.
D(r) = 3 riDss Iril < 7.,V
5 -
D'(r)D(r) < i} k(DY D; = 0., (24)
T “

Q = block-diag(Q,,0,) + O,
L Q, HERE (»+ p) MrikE R, ..
s— o fsr xR, b n&ﬁﬁﬁ%ﬁ?ﬁaﬂ%ﬁﬁfh%ﬁfgf‘%% (A%, B%) sy,

BE 2N TAZ(D, EEEH 1 I
Q*"‘Q+(Y+1—-—7’3)PBBP>O (25)

AL, M e B | BRI SRR BRI T(DRP RIS RS (47,B7) &%k

M R B AR, F A mA {Q*,I/T}, BN RE,
£ 2. E'Eljiﬁ[ﬂ—]‘ i1, EHESE 1,2 & T?&ﬁ?ﬂ%gﬁ%ﬂj d(:) %ﬂé&%%ﬂ)\ Yr (e) 7@5

TRAE B, DL 2S5k LIRS R RE L.

0. RITEHRIRGE RG]

AFTI/F-16 BURHIEFREM RITRE T, RAREFIHERT AR, K

0 1 0 0 0
A = [0 —0.87 43.22|, B=|—17.25 —1.58 |,
0 0.99 —1.34 —0.17 —0.25
C=1[10 0],

A R R I R A (2), L
0 —0.06187, + 0.39077, —0.06187, + 0.3907r,
D(r) = | I

0 0.04207, — 4.2657r,  0.0420r, — 4.2657r,




2 ] REMNE: SEHTREEH S IXITEVHR A & 217
E(s) =0,
p={r:lr,] <06,|r,} <30,|r,] <06,]|r,] <0.9}
iz d(e) SamA y.(e) HAWKE 5.
Bl 6=2, v =1,R = diag(1,1) K&
Q — diag(0,26.43,79.55,0) + diag(10,0.1,0.1,10),
wREE S e REEE R '
6.844 5.179 4.245  3.150
u() = Ld.794 0,491 4530 —0.274 ]7'(’)' (26)
W I3DNEITHY B R ER IR 25 4
- 10.975 4601  6.846  15.160
u(e) = , | ] z(t), (27)
| —3.802 —1:032 —6.294 —11.155
B, AR ESBENIIREE, A IR EARER/N, TR E,
B, AR TR T B 3R BRI 1E 5 T 53Rk 8 BB B T 312 B RFT 9L AR £ B PR %

SHRIE RS TE AL TR B A i

[1
[2]

{3]
[4]

5]

[6}

£ F X @&

Wonham, W. M,, Linear Multivariable Centrol: A Geometric Approach, Springer, Berlin, 1979,
Schmitendorf, W. E. and Barmish, B. R., Rohust Asymptotic Tracking for Linear Systems with
22(1986), 355-—360.

Schmitendorf, W. E., Methods for Obtaining Robust Tracking Control Laws., Awtemaiica, 23(1987), 675—677.
Schmitendorf, W. E., Design Methodology for Robust Stabilizing Controliers, ATIAA J. Guidance, Conzr. &
Dyn., 10(1987), 250—254.

Jabbari, F. and Schmitendorf, W. E., A Noniterative Method For the Design of Linear Robust Controllers,
[EEE Trans. Auwtomar. Control, 35(1990), 954-2957.

IR REB - R AP ERFENERRIERHIEFIRITHE

Unknown

Parameters, Automatica,

AR 4 18(1992)4(5),585—589,

AN EFFECTIVE METHOD FOR DESIGNING ROBUST CONTR.-

OLLERS WITH ASYMPTOTIC TRACKING

Ni MAaAoLIN

(Beijtng Institute of Control Engineering,

Wu HonexIiN CHEN YING

160080)

ABSTRACT

In this paper, using the positive definite solutions of Riccati equations, we propose a new

procedure to design a robust tracking controller for the linear system with uncertain parameters.

With this controller, the system output is guaranteed to track asymptotically the reference input

for all admissible parameter variations. The method presented here is simple in computation and
easy in implementation.
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