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Adaptive robust stabilization for

a class of dynamical systems with delayed state perturbations

WANG Zhong-sheng', LIAO Xiao-xin®
(1. Department of Electric Engineering , ZhongYuan Institute of Technology , Zhengzhou Henan 450007 , China

2. Department of Control Science and Engineering , Huazhong University of Science and Technology , Wuhan Hubei 430074 , China)
Abstract: For a class of systerns with delayed state perturbations, the problem of adaptively robust stabilization was dis-
cussed . The bound of the perturbations was assumed to be unknown. By using the adaptive control method, an adaptive controller

was designed. Based on the Lyapunov-Karasovskii functional, it was shown that the dynamical system can be robustly stabilized

by the adaptive controller.
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2 FGeHEIR (System description)
FIEIT B FEHCIRES s R 4
{A’::Ax(t)+Bu(t)+E(x(t—h),t), (0
x(t) = (1), t € [- h,0].
Kb x(e) € 2 AREME, u(e) € 3 AR E
AABAHBHEAE SERYLEER E(-):
SN ox R it IR SRR, E(0, ) = 0fR
RAGWRARASIE) . A 2 0 —FE, ¢(1) H—
EEE Y [a] V) SR B PR AT
A B ER DX TREME R 88
u(t) = P(x(1),1), (2)
AR GE(1) 1% 45 Wl 85 VEF T 9 M 30 R 4 — B8l
XFRG(), AT HRIE:
BRig 1 (A,B) IulfExt.
ORI SR K A - BERE.
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810 B oW B o 5 N OH Bk
151;2 A PR RAR 7(): 27 2 axT(t—h)x(t—h)+r‘19(t)é(t)s
== -x(Q - al ~ 25'PBU,
E(x(t - h),t) = Bp(x(t - h),t), (3a) et =) _x . V)
H o dgate-h)ell <8lse=r) 1. 3b)  a”'Bla"PBI* + r'0(1)8 (1) =
XA || - | E SCHERERTE R, B — KA B E 3L, 2T Q-al)x(1)-22"PBU, (1) +a 8 (1)| BT Px|?,
Mk 0" = BB, 07 IR A—ARHMIIEF 5. HA

3 BiEN &R HEF1% 1T (Design of adaptive
robust controller)
R 1A, MR K MIXARIEE R Q, T iR
Lyapunov J5 £

(A - BK)'"P + P(A- BK) =-Q (4)
B EEXN PRI P.
XTRGE (1), @i T #) B i R 5 A 2
28
u(t) = - Kx(t) — Uy(t). (5)

HF Uy(1) = 2o~ BTPB(1),a HIEQ - o HIERE

BEEME—EEE.00) X 0* Kfhit, P A Ricaui
(4R
A(5)FH 0() T ARAEAT

é (t) = ra~' | B"Px | 2.
Hep r HIERAATIEE iE 0(0) = 8(¢) - 6",
RRMAEEFFOEATHARREA
() =(A-BK)x(t)-BU(t)+E(x(t-h),t).
(7)
4 W15 87 (Analysis of controllability)
1 RS 1 R 2 RS0, R
M BENEHEZR(5), (6) Al I RERMIRE—
i s Lyapunov-Karasovskii {Z E§

V(x,0) = xTPx+aJl th(r)x(r)d(r)+%r'lf92( t)

X V(x,0) WA RL(7) KR TR E ¢ RSB
V(x,0) =

2TPi 4+ 2 TPx 4+ ax(t)x(2) -

(6)

ax™(t = K)x(t - h) + r"@(t)é (1) =
% [(A - BK)TP + P(A - BK)]x -
24"PBU,(t) + 22" PE(x(t = h),t) +

ax™ () (1) —ax (= R)x(t—h) + r8()D (1) =
—xT(Q—al)x—ZxTPUBN(t)+2xTPBE(x(t—h),i)—
ax™(t — RYx(t = k) + r'8(0)8 (1) <

- x'(Q - al)x - 25" PBU,(
281 «"PB| Il (¢ - R) || -

t) +

a”'0() | BTPx|* -
FEX V(x,0) BofhitH
V(x,0) <- x°(Q - al)x.
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5 HELHIKMHESR (Nustrative example

and simulation)

Z R T B RS R

-2 1 0
x:[ 0 1]x(t)+[1]u(t)+E(x(t—h),t),
(8)

stor £C) = W] 90, 700,0 = 0.8 K = (1,31,

2x"PBU,(1) = 0,

RN TR

(A - BK)"P + P(A - BK) = - Q,FIfEA35ERE P =

A - BK =

u=-2%x —3x; -

L0
2x2 (t)
AR (BB EEEEH S, Kb 0() i TFhRMA
T
é ([) = —S—x%

8
12 0 - b)) = B gy

3 x(0) = (1.5,2.0),8(0) = 1.0, = 1 BHEPIRZSHE
R B 3,4 HBME £(0) = (-1.0,2.0),8(0) =
1.0, h = 1 B AR 250 B
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Fig. 1 Response of state x,(1)
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6 Z53KiF (Conclusion)
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