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H.. Control of Nonlinear Uncertain Dynamical Systems

with State Delay

Fang Yangwang and Han Chongzhao
(Institute of System Engineering, Xi’an Jiaotong University+Xi’an,710049,P.R. China)

Abstract; In this paper, we present a memoryless H., control design method for nonlinear uncertain dynamical system with

state delays. Based on solving Hamilton-Jacobean-Isaac inequality, we design a memoryless linear time-invariant state feedback

control law, which guarantees the asymptotic stability of closed-loop control system and yields robust disturbance attenuation ¥ .

Key words: time-variant delay; H,, disturbance attenuation; nonlinear uncertainty

1 5] E (Introduction)

H, & AR RS T e mREEX
AE, BDL He J0EUE SRR A5, B018 MR T
Remekiett i FEkZaBRREMR. X
2] THEEEREEN H. BRI BB, SHT
Hamilton-Jacobean-Isaac( HIT) A5 . H /i H B HII 7
B PR E M S ARAR R R B = 8 R B
7 b 5 ERERN TR L.

I 5 S E PR Tl AR P R AR B
%, B Z B DU i @ sl A B A i AR R 46
BRI , B A AT R B R 0 Y B O AR R R
S EM. (3,43 T Lyapunov B B3 T &
A I 2R e R TCiCAZ R BRI 5 2, T AE (SR 5T
T HAA T U R A B H, $5 ] ) L 7R AR 3
W RATE ARG T T8 T A EXREAR
T TG B i B AR R G B i HL 5 1 R0, 3 A
FIHIT A%, 44 H T M W9 8 48 H, B3 7 8. 3
R SE 5 36 IE T I s AR RUHE
2 ja]F# iR (Problem statement)

AKX ERMTFARENDERE

i(t) =Ax(t) + Ajx(t = ©(¢)) + Bu(s) +

Biw(t) + Alx,x(s - z(4)),u), (la)

AT 1996 4E 11 A 26 Hilke® . 1998 5 4 B 10 Bk 2|08y .

z(t) = Cx(t),

x(t) =0, <0, x(0) = x.
XH x €ER,u € R",w € R,z € R HIARES
mE, EHwmAME, EmESgERHELmE.0
<t(t)<d” <o, Hz(1) < /p < 1.A(x,x(t -
(1)) ,u) WEXRHMARTHEMR. A,A,,B,B, 7 51H
FH N AE SR B

— g 5. S TFHEE M, i M AERNEE,
| M1l MITEEL, 0,0 (M) RHERE M 85K AT 5
B30 % = (2 - «(¢)); T HBAFERE.

Big 1 & Ax,x,u) HUEAEFH, BHFE
ERE eq,e0,e3 BT, H x € R, 4, € R™,u €
R, #7% |AGx,v,w) | sellall +exllx I+
€3 “ u H .

2

Q = (A, 2 ,u): | Alw,x,u) || <
e llall +ealla ll +esllulll.

BN 2.1 RERBHE RSN BA KB E R
By & H, BRI, EHE.

DXF w=0FEENAx,x,,u) € Q,HHF
ARG H4REERERN.
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2) By > 0, 5 HEBWHEKET , XWNIA we
[2FA Alx,x.,u) € 2, H

T T
JO Zzdt < }’ZJO wwdt, YT >0.

Bk H, R RS, k- EERIZEE v
BB H, EHIEE.
3 FEL R (Main results)

1B 3.1 X m < n,Bi% v € R, u €R"
Hlul = lol =1, WEE~F M€ R H
Om(M) < 1,818 v = Mu.

Bl 3.2 0 = leMx + e;Myx, + e3Msu ¢
M, € R™", My € R™", M3 € R™™, 0, (M) < 1,
i=1,2,31.00 0 = Q.

W BAO cQ,MENYxER,x €R",
w € R",0 C @,
Dol € R, vl <erll ol el a l+esllwll .
Bi& Vo€ O,v 5 0,WHEq,i =1,2,3,H0<
a; < &, 518

loll = arllall +aglln | +asllul,
i
v = aiv + a2v + a3v,
XE
pomlsl el el
1 Y I Y

A — Rt R BE x = 0,x, 2 0,u % 0.
ic

§ = v % = X
LA R Y

P T
(P T ull

MBI 3. 10,776 M, € R, M, € R™", M; €
R>m H o(My) < 1,0 = 1,2,3,##2
b= Mz = Myt, = Msa,
WA
a1v = a\Mix, 000 = ayMyx, ,a3v = asMsu,
PNIIE:S
V=1V + a¥ + azv =

a Mix + ayMyx, + asMau =

el(%Mlx) + ez(:—;szr) + 63(:—5M3u) €0y,
[ 80 c ®c .
5138 3.3 X THEEMMERER X,Y, A

XY+ YX<BYX+(/BYY, VB > 0.

EIE 3.1 EHAEEEHS, =1,2,3,4H 1)
Riccati K%f&@) B —ANIEERm P, NEHZE u =
— (85/e3) BPx R G (1) & He $2i R A

.
X H

AP + PA' + PHP + ( < O, (2)
H = 85(esl — (1/e3)BB’) + (1/7,) BBy +

84A1A1’ + (3161 + 32€2>],
0 =CC+(1-p) ((e/8) + 1O + (/)]
IF 5E X Hamiltonian P& %
Hu,w,A(x,%.,u)) = 2z — V?ww + %,
/\EI:I
E(x) = xPr+ | ' (6)Re(6)d0.

R WiEE M ERRE, 5 0 E MR (1) BBk
B b HITF 30, R 40 (1) 19 H, T8 R BT A 1 58
DEAERITE w€ L2, Mx,%,,u) € Q2,0 H(u,
w,A(x,x,,u)) < 0.8 (1) RALFHX ERIFEIE .
H(u,w,AMx,x,,u)) =
%' C'Cx — YV w'w + ' (PA + A'P)x +
2x'PA %, + 25'PBu + 2x'PBiw +
24'PA(x,%,,u) + x’Rx = (1 = 2)x,.'Ru,.
ZIRRIRHBD wo, BY
susz(u,w,A(x,xr,u)) = H(u,we,A(x,%5.,u)),

wE L

i
IH(u,w,Nx,x,u))
dw =0,
%
wy = %B{Px,
Y
i
Hi(u,AN(x,%.,u) =
su];;H(u,w,A(x,xT,u)) =
Y
F(x) + 2x'PA;x, + 2x'PBu +
2X'PA(%,%.,u) = (1 - )R,
Hr

F(x) = x'(c'C+PA+A'P+—y13PBlB{P + R)x.

H7I3 3.2 Al
sup QH1(u,A(x,x,,u)) =

NP

sup Hi(u,A(x,2,,u)).

INEE I N
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Hitt, A% % &
Hi(u,Mx,%.,u)) =
F(x) + 2x'PAx, + 2x'PBu +
22'P(e\Mx + exMyx, + e3Msu) — (1 — ¢)x,'Rx,.
AT 3.3
2x'PMx < 8,2’ PPx + (1/8,)x'x,
2x'PMyx, < 8,x'PPx + (1/8,) %, %, ,
' 2x'PMsu < 83x'PPx + (1/83)v/u,
25/ PMyx, < 845'PA1 A Px + (1/8,) 5%,
Hipyo, >0,i =1,2,3,4,%
R = (1-p)"'(e)/ 82+ 1/84)1,
g5R
sup  H(u,A(%,%,,u)) <

Mxx,u)€EQ
F(x) +22'PBu + (e3/83)u'u +
' P((81e1+ 0260+ 8363) [+
O04A 1A ) Px+(e,/8)x'x.
TEARSE XA LBIEE/N u
u =- (83/e3)B'Px,
R

o S i A 200 0)) <

F(x) + (e,/8{)x'x — (83/¢3)x' PBB'Px,

WIXFFAE w e L2 B YA(x,%.,u) € Q, B
H(u,w,A(x,x,,u)) <O.

5138 3.4 % A,Q,, W, HnxnERE, A Q,
HMFREE, W, I RRIEE K. B S REK T2
SW,S + AS + SA' + Q, = O YIEEMR. 35 Oy AR
BH Q < Qy, MFE—-ANEEXKKE 5, HRH
S1WyS;1 + AS; + S1A" + Q; = O IR,

517 3.5 B X HXFRE, Z H— AR,
ST V&« O0ff Z6 = 0,%5H &X6 < 0,0 —EfFLE
— N8 >0, X -062'Z <0.

EE 3.2 ANTEAMe =0,i =1,2,35
AEBE g > 0,j = 1,4, FE—NIEZERS S,
8% ¥ € N,B 7 (AS + SA' + SQS + H))n < 0,
MBEE— €3 > 0, H 63 < e3, GIERW R E T
Alx,x,u) € Q,R%(1) # H, RIS ##.

XH
N ={gp€R":By=0l,
Hy = (1/7) BB + SA414) +
(8181 + Oa6p + O3€3) 1,
Q = {Mx,x,u): A, x,u) | <

el ol +exllo | +esllullt.
IE BEIE35H,FE—10>0,f15
AS + SA’ + SOS + H, - 6BB' < 0,
B
AS + SA + S(C'C + (1 - p)"l(ez/82+ 1/84)1 +
e1/01)S + (1/72) BiBy + 8,414, +
(8161 + 8262) 1 + 83e31 — BB’ < 0,
¥ o< 0y/es, T e HATASH N —EHEO <
8 < 85,0 = 8% es, ITF
[~{1 ~ oBB' = i]o - oBB',
Hrp
Hy=(1/7*) BBy + 84414, + (816, +8262) [+0%¢;1.
HEI 34T, E—-1EEMR S = S, #1E
AS; + S1A" + 5,08, + Hy - (83/€3)BB' < 0.
AP = SiL W PEVHARER Q) WM. BMEL(DK
H, [WEAf#. %5 6 > 05/ es, W —EFFHE €5, H 0 <
€3 < €3,MH18 0 = 85/e3, H
H, - ¢BB' > H, - 6BB',
H, = (1/7*) BB + 84AA) +
(8161 + Orex) I + Oxesl,
HIBIHE 3.4 WA, fFfE— N IEEM S, > S, 78
AS; + S,A" + 8,08, + Hy - (8,/83)BB’ < 0,
4P = S', WA
PA + A'P + P(H, - (85/8:)BB' )P + ( < 0.
HER 3. VIEHM, XN THE w € > 55F Alx,
%e,u) €0 c Q8 H(u,w,M(x,x,,u)) < 0. &
(1) M H., FEE Q WTE0 AT,
4 ¥ (Example)

B
0 1 0 0.1
4= [_2 _3]’ A= [_0.2 0 ]
p=[, ) 8% =10 05,
RS HE ,
1 =03=1, 8, =084=2, € =¢, =0.5,
&5=0.2, p=0.5 7=0.5.
IR 5 (2) I 5 M
. [0.92 0.04}
0.04 0.31
Rz ’
R



586 BEHE®L S5 NA 16 &
iy Jacobean-Isaac A5 3, IEB] T84 H, B 2 F M
Alx,x,u) = T T RE T I RAG, BRAEL
0. 4sinx; 0 ] [O.ZCosxlr 0 B, A ERA 2, F — &M S b AN
[ 0 0.2cosx,, v 0 0. 3sinx, .

v = 0.2, WAL (1) KRG & BT i & 5 5
WE 15K 2.
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. Fig.2 Phase plane

5 #512 (Conclusion)
A SCHEFE T A 3E 2 R B E M A st AR A
NERENEE H F 61T, HEid R # Hamilon-

5 % TR (References)

1 Ball J, Helton J] W and Walker M L. Control of nonlinear systems with
output feedback. IEEE Trans. Automat. Contr. ,1993,38(4) ;546 — 559

2 TIsidori A and Astolfi A. Disturbance Attenuation and H, control via
measurement feedback in nonlinear systems IEEE Trans. Automat. Con-
tr.,1992,37(9) ;1283 - 1293

3 Choi N H and Chung M J. Memoryless H.. controller design for linear
systems with delayed state and control . Automatica, 1995,31(6) :917 -
919

4 leeCH, LiTS and Kung F C. New stability criteria for discrete time-
delay systems with uncertainties. Control Theory and Advanced Tech-
nology,1995,10(4) : 1159 - 1168

5 B MR ETREREN H. 8B EH AR SR 556,
1995,24(6) : 326 - 329

6 Wang Le Yi and Zhan Wei. Robust disturbance attenuation with stability
for linear systems with norm bounded nonlinear uncertainies. IEEE
Trans. Automat. Contr. ,1996,41(6) :886 — 888

7 Petersen I R and Hollot C V. A Riccati equation approach to the stabi-
lization of uncertain linear systems. Automatica, 1986,22(4):397 - 411

8 Petersen I R. A stabilization algorithm for a class of uncertain linear
systems. Syst. Contr.Lett.,1987,8(4):351 - 357

A XA A
FERE 1966 44 . 1990 4F $RBR 76 I 05k 2 B 2 2R W24 W 4= 2%
f0,1998 FREEXBRERGE LB L L8, BT LS TR
BRE¥EEXESAEESLRER L. TEMBE H 556,88
R FEREEH ARG LB G ES L.
B AT 1999 455 3 145 451 .

—

[





