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Abstract : In this paper, robust exponentia stabilization for a class of uncertain switched systems with constant input
delay is discussed. The feedback controllers and a class of switching sgnals are designed to stabilize the switched
systems. Firstly, the switched systems are trandormed into delay-free ones by using the receding horizon method.
Then, sufficient conditions under which switched systems can be robust exponentialy stabilized are given by virtue of
linear matrix inequalities. Based on the multiple Lyapunov functions, the theorem is proved in detail. Fnaly, a
numerical example shows the eff ectiveness of the proposed method.

Key words: Input delay; Switched systems; Linear matrix inequalities; Robust exponential stabilization

1 t
[1-3] [10] .
4] (1 Moon!*?
[59]
L yapunov (12.13]
(561
, [7] L yapunov
L] . [8]
: -[9]
1 2008-10-29; : 2009-01-12.
(60504007) .

(19829, , , , ; (19759,



1317

9
L yapunov
L yapunov
-
; , 2
IAl = H(ATA). p()
Amax () Amin(+)
;D
x(1) = (A +0 As) x(t) + Bou(t) +
Gu(t- h,t=0; (1)
x(0) = %o, u(t) =@(),t [- h,0].
:x (1) R" cu(t) R’
7 Ao ,Bo G ;i h
LONQY) [- h0]
O:R.=[0,0) -M={1,2, ,m}
t x (t)
;m ; AL
11+ A A A A
= R (t) b. Do B
R (t) Il ()l <1
o, )
z ={ Xy, : (io, o) , (ix,t) , (i, ,
ik M,k {0,1, }}.
t [t ter) i
x(t)
1t t T, T>t=20,
No (t, T) (t, T
Ta>0,No >0, No (t, T) <

NO+(T' t)/Ta, Ta
No = 0.
[10]

2(9 = x(9 +J':_he‘\’“‘h‘s’(2yu(s)ds, (2

(1)

z() = (A +AA) z(1) + (B +e%"G) u(t) -
AAOJ'I_ he’*’“'s'”) Gu(9ds, t = 0;

2(0) = x(0) +J'OheAio"h'9C}0u(s) ds,

u) =@, t [- ho].

©)]
1 [10]
1 (3)
u(t) = Kz(t) , (D
u(t) = Kx(x(t) +J’z he’*’(" 9 Gu(9 ds)
(2
Ix(@ I < Bzl + J’I_he'*c“-“'mu(s) ds <
I z() I + h(_hssuseoll g'v® II) Ihcl x
I K Il (t-sh'lé'&t" z(9 |l ) ,
z(1) ,ox(1)
O
2! D,
F(Y) , E, F () F(t) <1, ¥ >0,
DF() E+ E'F () D" < 'DD" +¢e E'E.
3t M ,h>0,
g:_hx(s)ds)TMg:_hx(s)dg <
:_th(s) Mx (9 ds.
41%) P,
Q X,
Amin(P'Q x" Px € x'Qx <
Amx (P1Q) X' Px.
50*°! (Halanay ) h=0,a>b>
0, u(t) D" u(t) <- au(t) +

syp u(t +0),t = b, u( < sup u(to +
B)e" " t > 1, M >0 M- a+bd =0
6 A,M,N
,h=0, Vit

NTe " "M Me N <€

[0,h], FE >0,

le®™ = 11- At + (/21 A*¢ - I <
Lol + DAl e+ @W2) Il Al2¢ + <

el At o glAlln '



1318

- pte iy

P = Xi',n >0,
n- Qo +€0y) +e0y " = 0.
t [t,te1), O() =i0(tk) =

j. 4 .
Sepl (1)
(3).
Sep2 L yapunov
Vi() = 2' (1) Pz(Y),
Vi(t) =

27" (1) Pi[(Ai +AA) z(D) + (B +

e ""Ci) u(y) - A A]'t_ heAi("S’“) Gu(s ds] =

Vii(t) +Vai(t) +Vsi(t). (7

V() = 27 () (PA + ATP) z(1) (8
Vai(t) =22 (1) PAAZ(Y) =

27" () PDiFi (1) Ez(Y),

Vs,i(t) =

22" () P(Bi +e*"C) u(t) - 22" (1) P x

24
Di Fi (1) E.-J'l he’*l“'S'ro Cu(9 ds.
I Me NI < IMIe "I NI A, '
2 6 0 2, ¥, €, >0,
3 ’ ' Vai () <
L A Vi (12 z' (1) €1 DD P +&El Ei) z(1) , (9
' X I { )’\ ' Va,i(t) <
m ' oFL 277 () P(Bi +€*"C) u(t) +
€ .
Ve : ] £:'2 () PD/DT Piz(1) +
i Xi Ei .
[Exi -sf] <0 (4) Szgtihe“i“'s‘h’Gu(s)d%TETx
2 t
Xi 2 (h /V) l. (5) E‘II- heAi(t- s h CiU(S) dS.
Zi é 31
Vii(t) <
AXi + XAT - 2(Bi + e'Ai“Ci) (Bi + e'AihCi)T + ST() CAh
€11 +85) DIDT + Qo 4EY) X, 2z () Pi(Bi + € ""Ci) u(t) +
R A £:'2' (1) RD:DI Piz(1) +
al = (Bi+e"C) e ElEeN'Ci(Bi + U e .
e?"c)T,t [0,h]. (6) e (e Cu(g) B x
T.>Ts = h+ (kM) Eeh " Cu(9ds. (10)
u(t) (10) ,
U(t) = - (B| +e-A|hCi)TXi-l(X(t) + V3,i(t) <
) - ZZT(t) Pi(Bi + e'Ai“Ci) (Bi +
I,_heﬁ’“’h’g Gu(9dy, eA"C)TPz() +€3 2 (1) RDiDT Piz(1) +
(D EthZTﬁ) PD:€) PzE). (11)

¢|E) = (Bi + e-AihCi) GTeAiT(" h-&) E x
EeA,(t- h-&) G (Bi re Athi)T,

& [t- h,t].
6, a (6) ,
(n (11,
Vi(t) <

Z () P[AP" + PP*AT + €1' +€2') DD +
E1P'ETEPt - 2(Bi +e4"C) (Bi +
e'Ai“Ci)T] + Piz(1) +52h2aZT€) PPz€). (12

Xi 2P, Shur . (4
I +e1P'EEPR < 0. (13)
(5) Awex (P) <Y/ K, 4

e.haz" €) PPiz€) <eqy »hsglégovi@ +1).
(14)
(12) (19,
Vi(t) €- Qo +EQY )V, +ELY Eéégovi@ +1).
(15)
5, n>ao,
Vi() < sup Vi(t +0) e %W | (16)

n n- Qo+e0y) +ey " = 0.



1319

9
Step3 H bzl Vi(x) u(t) =- (B +e™"C)TXH(x(1) +
SMVi(X),Vx R, Vi,j M. ¥ [-h,0], t
) J' eA"("h’s’Gxu(s)dg,
. t- h
Vi(te +0) <pV(t +0) < (1)
HE" sp Vi (te: +0)e . (17)
(16) (17) , 1 1 1
Vi(t) < L yapunov ,
Ué]h E(%EOVj(tk-l +9)e‘”(“k>l) < < !
sy -V_- _(to +0) g™ (gl = ' Lyapunov
-hsGEO o -
S Vi (b +8) e, (18) :
A= (4 +Nh)/Ta-N. 211 .7,
Ta>Ta = h+Ilpim, A <O. I'my, Vx RY{0},3i {1,2, ,m,
Stepa xTix <0 {Fer2, I'n}
)\1 = \I;,nir’a\min(Pi) ,)\2 = r‘pgﬁ\max(PI)a
' = 2 h, X
A M r
ANz'(Dz(t) SVi(D) = - Oﬁlizyxr ) {r«r:2,
2 () Pz() <Az (D) z(D). " '
) (20)
(18, T. >T. = h o(t) =
20 < & i(t)/)\lis argmin{ z' () iz(t) , Vi M}
Jsn, Vo (o +0)Ase? ) < W) =- (B +eN"C)TXH(x() +

XoA: sup Il z(t +0) 1 €29 (19)
- h<B'<0

A <O, z(1) ) 1
, x(1) . O
1 L yapunov
L yapunov , Vi
Pi. P 1
1 p=1
1 h Vi {1,2,
m}, X AoE1,
€Y, :
T XE
Fi:[ -H] <0, (20)
EX -€&:
X = (FIy) 1. (21)
PIPAN

AiX + XAT - 2(Bi +e""C) (Bi +eM"Ci) T +

€i' +€51) DD + Qo +ELY) X,

al >

(B, +€*"C) Cle M ETEs x

e™ci(B +e™"c) T, t  [0,h].
Ta>T, =

|
>

t
I“ he’“"“' "9 Gu(g d% ,

(1)
argmin

V() = 2" (1) X z(1),
o(t) =argmin{z' (O iz(t) , Vi M} ,

1 (15) , 1
.gd
4
1
X() = (A +A As) x(1) + Gu(t- h.
Al = A :|: 0 13—|,
-1.25 -
A A :AA2:|:O j,
\%
| vi<2, G =[0 117,
G =[1 0]", h=0.2.
Di=D:=[0 2], BE=EB=[1 0],Rh=F
=dn(10) 1. Ao =0.0ly =0.2¢i' =0.5¢:2" =
0.05. (200 (21),



1320

24

[ 1.6346

- 4.3927}
- 4.3927

13.6646]
1, :
w(t) = [-1.3573 - 0.5669]z(1),
w(t) = [- 4.8485 - 1.5835]z(1).

T.>Ta =

1 T=021

[\
(=3

—_—
()

Trajectory
f)

o F
Ay 1 2 3 4 5
tls
1 1
2 [12]
t, ’
[6].
5
5
( References)

[1] Liberzon D. Switching in systems and control [ M ].
Boston: Brikhauser , 2003.

[2] SunZ D, Ge S S Switched linear systemscontrol and
desgn[M]. New York: Springer-Verlag, 2004.

[3] zhao J, Spong M W. Hybrid control for global
stabilization of the cart-pendulum system [ J].
Automatica, 2001, 37(12) : 1941-1951.

[4] Lin H, Zha G S, Antsaklis PJ. Robust stability and
disturbance attenuation analysis of a class of networked
control systems[ C]. Proc of the 42th IEEE Conf on
Decison and Control. Hawaii , 2003 : 1182-1187.

[5] Sun X M, Zhao J. Robust exponentia stability of linear
switched delay systems: An average dwell time method
[J]. Dynamics of Continuous, Discrete and Impulsive
Systems, 2007, 14(2) : 209-220.

[6] Sun X M, Zhao J, Hill D J. Stability and L2-gain

analyssfor switched delay systems: A delay-dependent

method[J]. Automatica, 2006, 42(10) : 1769-1774.

LinL, Chen Y Z, Cu P Y. Sabilization of LTI

switched systems with input delay [ C]. Int Conf on

Control and Automation. Hungary, 2005: 761-766.

Wang X M, Pea H L, Wea W, et a. Robust

stabilization of switched systems with uncertain input

delays[ C]. 2008 ISECS Int Colloquium on Computing,

Communication, Control and Management. Guangzhou,

2008 : 500-504.

[9] Xu H L, Teo K L. Robust stabilization of uncertain
impulsve switched systems with delayed control [J].
Computers and Mathematics with Applications, 2008,
56(1) : 63-70.

[10] Artstein Z. Linear systems with delayed controls: A
reduction[J]. |EEE Trans on Automatic Control,
1982, 27(4) : 869-879.

[11] Choi H H, Chung M J. Memoryless stabilization of
uncertain dynamic systems with timevarying delayed
state and control[J]. Automatica, 1995, 31(9) : 1349
1351.

[12] Moon ¥ S, Park P G, Kwon W H. Robust
stabilization of uncertain input-delayed systems using
reduction method[J]. Automatica, 2001, 37(2) : 307-
312.

[13] Chen W H, Zheng W X. On improved robust
stahilization of uncertain systems with unknown input
delay [J]. Automatica, 2006, 42(6) : 1067-1072.

[14] Gu K. Anintegral inequality in the stability problem of
time-delay systems[ C]. Proc of the 39th IEEE Conf on
Decison and Control. Sydney, 2000: 2805 2810.

[15] Xu HL ,Liu X Z, Teo KL. Robust H. stabilization
with definite attenuance of an uncertain impulsve
switched system[J]. J of Anziam, 2005, 46(4) : 471-
484.

[16] Halanay A. Differentia Stability ,
oscillations, time lags[ M]. New York: Academic
Press, 1966.

[17] Skafidas E, Evans RJ, Savkin A V. Sability results
for switched controller systems[J]. Automatica, 1999,
35(4) : 553-564.

[7

—

(8

—_

equations:



