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Robust H-infinity control on impulsive switched systems with disturbance
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Abstract: The robust H-infinity control problem for impulsive switched linear systems with disturbance is considered in the
paper with attention mainly paid to the robust stability and robust capability. By using the Lyapunov function method some im-
portant sufficient conditions for the robust asymptotic stability of the system are obtained. According to these conditions it is easy
to determine whether or not a system is of robust asymptotic stability. Furthermore, by analyzing the robust capability of the sys-
tem with the help of the linear matrix inequality (LMI) method, the state feedback matrix and the impulsive control matrix of the
system are obtained, and then a robust H-infinity control rule is derived. Finally, a robust H-infinity control design method based
on MATLAB software is presented, and a numerical example is given to illustrate the efficiency of the main results in this paper.
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X(0) = 0.

(2)

He: X352 n 4RERE, AX RSB

Rk ; U, . 5 — 5" 2 m FEHERIES W5~
SR g HEINEIE, | W) | < 13Z:3 >0 )p
HZHE ok x B~ P RUIHN, Kd P =
(1,2, N, SR, o, x) B— M0 EFE
RG(2) WA VIS SRR 4,.8,.C,,
D,.F, H, =& YU L E %, B, 2K,
REVEERAFREA X, SUIHREE T, 4
PN —F, B —- R LEERE, P £ = 1.2,

X(tk) = X(t;) = lim X(tk - h),
r—0"
X(tz) = lim X(tk + h)
h—0"
4 TNk KU 21,0 < ¢ <

t,—> ® as k — ®.
AT HEREAT®, EX X)) =

VXOTX), TAIl = v Am(ATA) AT 2 A B35t
WERE, A B ARERE, K4 X(¢) BRE,A £
i1

Bkrb ¥l R A G B Ho, W HI 2 A 20 H iR
REFERERAWHE T HA TSR

1) BHEREE. R4 0] GERy DAL,
WX RGRNTPREMN.

2) MR WIEH v BFAS EWHRE
AT YT >0,V W), A

T T
[ 1z 12 < 2| 1w 1.

EX 1 4 W) = b, iR FLAE MY
), PR RS EAARER, WFR R 2AFRER.

EX2 BPR—Tnxn BWHEMRE,ICP <
(>)0, MR PRAE) E; i P < ()0, 1R P
YR (E)E.

TR 51 S 7R m A IE R T A E

131 ®PR—TnxnIXERER,NTFE
EHRER o,, FREHOL:

2XTPC.W < aiaXTPc,,cIPX + o, W'W.

Hr: C, BRiESERIOERE, X, W RS S Rm .

P tk < ---’and

wt 5 n H %ol
) 1 2 "

i B8R ”—J;CIPX#MZW = 0, k2
(—=CTPX - /5, W) (—=C'PX - /5, W) = 0,

FHT

GiXTPcacIPX _X"PC,W_W'C'PX +5,W'W = 0.

HHA XTPC,W = W'CTPx, FRLIA
2X"PCW < GiXTPCGCEPX + o, W'W.
I3 2 & PEnxn MIEEERE, QR x
n BIXPREE R, WX FEEN o EREX, A
Al PO XTPX < XTQX < Amu( PT'Q)XTPX.
HEAF 20 (PT'0), Amn(P71Q) S RIFRER P'Q
iR /NS IR .
513 318 (Schur #F) % A, B, C 2i& M4 5 M
B IRA T =%
1) A<0,HC-B"A'B <0;
2) C <0, HA-BC'BT <0
A B
3) [BT C] < 0.
SIB4 WPRE-TnxnWIEEHESE,XTFIE
BW oo g8 X, FAML:
,,,mll X< X"PX < A | X 112
HA A s Amin SRR P R B/MFIEE.
ﬁ%&m@.
3 FELH (Main results)
HE ZBUTERRRS
X(t) = AX(t) + CW(t), t = t,
AX(y) = X(af) - X(tx) = ExX(0)y t = 4,
Z(t) = D, X(t) + HW(:),
X(0) = 0.
(3)
TEB1 MNFERLEGB), Ky > 0 RAEHHERE
R R FE—RIIWEEER P, , E¥ 0, , 8, F
TEAFARL:

(72 - 80)] - HIHQ > Oa (4)
[ I [Ba ity |
ATP. + PA, ' C, JB.D! "DTH
1
—C'p, . 0 0
\Ea <0
v B.D, 0 -1 0
Ba,y1
I \/;H D, 0 0 -1 |

(5)


http://www.cqvip.com

2 4 LG . X F — Ak bl e R e 48 HL, P 263
#E_X'Tq: VEk7 = 1727“'9V 19] 6 P9 —F:EQTEEEELL: %DEHGHEDH < 0
NPT "
P(I+ E) _p, 157 BRI W(e) = 0,X(s) 2 OB, H
V(X(1)) < 0. 9

MAGG)EEHEREH,FEFKE » 8Bt 2
F A (G FRGC, = (¥ -68,)1 - HH, MK

0,

{E{E,Ba =Amin(aca).
R, = 1) FRE o d B RWGE
1, t€ Vv,

T OMIEINT @R R
0, t & lp‘a

Bl ,e,(t) = {
R :
VIX(1) = De()X()TP, X(2).
a€ P
L1 € (b b)) B, ATHBIR T R4 o« BEGER N
57 1.5 2 L@, H
lzCoH) 2= 2wl =
()™DTD.X(t) + 2X()"DIH,W (1) +
W()THIW () - Y¥W()"W(e) <

X()YDD, + O%DEHC,HIDG)X(U -

W()"((y* - 8,)I - HH)W(1) <

X(1)™(DID, + 3 DIHHID,) X (1) -

Amin{ Go) W()"W(2).

Lt 2
W)W <
1

Am-n(ca)(X(‘) (DD, + aaDaHaHaDa)X(L)

(lhze) 12 = 721wl [1%)). )
A REQ)BPLE, RIET B 1 AIAREX(T), 5/

V(X(1)) =
(AX(2) + CW())TPX(L) +

X()™P,(AX(t) + CW(2)) =

X()Y(ATP, + PA)X(1) + 2X(D)"P,C,W (1) <
X()YATP, + PA, 4 P.CCPYX(D) +

s W()W(1) <

a

X()(ATP, + PA, + aiPacaclpa + B.D'D, +

& D) X (1) - g (1 2() 1272 [ W) 1.
(8)

() 31T 3

ALP, + PA, + S P.CLIP, + BDD, +

a

Yt = o 0, AHRZAGENTREG BRI TF
Gy, B&MGGMEIEIA
(I+ E)"P(I+E)-P <0
FRULS X(t) = OB
V(X(et)) - V(X)) =
X(O"(I+E) P (I1+E,)-P)X(1) < 0. (10)
HAER(9),(10), THALQ) ZEEREN .
THEUEAARSZ )RR v BEMERE.
BA%EX(8)F
VX)) <- Bl Z) 2= 72 W(e) 1%,
WA H

[ rexana <

T T
-8 1 2@ 1= w1,
MA%R(10),H v(0) =0, A
j:V(x(t))dt .

(V(1) = V() + (V(1) = V(£1)) + = +
(V(8) = V(i) + (V(T) - V(i) =
(V)= V(i) + (V) = V(i) + V(D) 50,
4

T T

1z 12 < 72 1w e,

0 0

U RGO ER v B,
WMREHE | MAERERE, MARERIBE
#l U, = KX(o) Mk # AX (1) = EX(t), 3B
ARG )R
X(t) = (A, + BK)X(e) + C,W(1), t # 4,
AXCt) = X(43)-X(ti) = (Ey+ E) X (1), t =1y,
Z(t) = (D, + FK)X(2) + HW(1),
x(0) = 0.
(1)
Hib. K, BRERBREERE, M HE
B, B,, F, 28 S AHARER .
EE2 WTFEHAD, Xy > 0RAENHAE
fobn, MBREE— RSN EEER P,, K, , E, MIIE
¥o,,0, T FEAERMT


http://www.cqvip.com

SEHERE P, IR BUEEEK, W RG R TR IRTE
BRI 4) 2 IERE R ITHE, v] LAE 478
BIER 5,0, WK/, FEBIE 2) 25

4) 4 E, = 0, i A%ER (14) RER . FR
S, BREATBEITHRFER, EAR, BAER

(14) B3 ki R E, .
5) FrLAR R0 T m s il e .
R R R -
U, = K, X(1) ;
Rk b

AX(t) = ExX(u).

4 M {EH)F (Example)
HZEAEFWMTFERXW KPR ZGEHE# Ha

264 B Oo#H B ¥ 5 N A #ok
(y* - 8,)I - H'H, > 0, (12)
i ]
(A, + B.K,)TP, + P,(A, + BK,) —=P.C, JB.(D, + F.K,)T \/E(D,, + F.KOTH,
- J o, %
I 7
C,P, -1 0 0
Jo. <0, (13)
v B.(D, + F.K,) 0 _ 0
I J?HI(DQ + F.K) 0 0 -1 ]
TEﬁE_\—Z: 1
: 1 -1 -10 0 —
—Pi (1+Ek+Ek)TPj X(t)=[ ]X(t)+[ ]Ua+|: 2:|W(t)’
[ . <o, 0 -1 01 1o
P(1+ E, + E) - P
(14) t# b,
MRG D REHRIER RS 7 8 ax() = 1) - 16 = [ * ] wcw),
P Anl G) TR G, = (72 = 8,)1 - HIH, WIB K4 0 0.5
) o, = U,
(B o = Amin(Ge)” B 3, 02 1 0
iE BEEADHPH A, + BK,,E, + E,D, + Z(1) = | 2 T)X(e) + 10] U”[o _I]W(t),
FK, 530 A, E,. D, & BAR%E (1) B R -20
TRE3), Bl 2 WA 13). (14) AuERT @ =0
M IMARE(S) (6). MBI AT REE(1) BB (15)
RIER I ELRA v BB, k=[] C 0 e
WEHE 2 TUE S, R R BRAERE K, O U Rl BT R I 3 b
DL AR (13) SR8, BRrb B4 RE B, T LUl i oy
AR ER(14)R45. - 0s o
TEHREEE 2 A —FEET MATLAB #4  |AX(y) = X(if) - X(¢7) = [ 0 0 S]X(t],),
SHB R R S (2) B H, B S, '
1) MIEH 6, = 1,a € P; L= U,
2) BARE MR o, EAER(12) RIL; OTS N O T NN [N R0}
3) MAMEREA%SR(13). MREEH—HE -10 2.0 -10
(16)

LEBEEREREIR y =2 %80, =0y =01 =0, =
1, WA

2 0
G, = 2_5 ]—HTH=[ ],
1 = (r 1) 14 0 2

2 0
G, = (¥2-6¢ I—HTH:[ ]
, = (7 2) 21y 0 2

Amn(G1) = 2, Ain(Gy) = 2,

(3] i _ ay _ i
IBI - Armn(Gl) - 2’ 132 - Amin(GZ) B 2°

A E(13) 8B Al 1T

2 0 2 -1
=l b=y T
0 I 0 -1



http://www.cqvip.com

%2

LS KT — LB IR AR K NEHE H, 355

265

el el
2Tl 10 T Ly sk

BASA(14) BRI

I ~0.9 0
E'=&=[ 0 —QJ'
U EFRETHK
1
: -1 0 0 —
X(t):[o _2]Xu)+[ 2JW(0,
-1 0

L # 4,

-0.4 0
AX(1) = X(et) - X(if) = [ . _a4]X(uL

t =,

3 0 1 0
7(1) = | 2 X() + | [wa,

0 -1
0 -1
Lx(0) = 0,
(17)
1 0
ﬁ 20
X(t):[ 0 _21 X(t)+[0 _%:!W(t),

L5 b,

0.4 0
JAX(t,,):X(tiZ)—X(t;): [ 0 _0'4]X(tk);

= Y,

0 -1 0 1
zm:[lo]nnﬁ_lem,
LX(0) = 0.

(18)
848 H EHEY
RER AR .

o= 7w e =[) ° Txw,
Bohtd

-0. 0
AX(tk) = [ ?

0 -0.9
BTSN 1 s, S EBIRE) W(1) = [Zsin (s

}X(t,,).

-U|%m50m+mlmwﬁﬁ%s=uaJJ,
-}, B BR T HERAELERE IR sh et A B R
RE 2,(0) = 1.5,%,(0) = 3.0 HEMWREHT;
K2 8xr T HERELEINRS W) FTAIMEHER
A x(0) = 1.5,x,(0) = 3.0 HARREHE;E 3
BRTHEREEIINBINE W) TAFWHRE

35
3
25
7l
15§
1
0.5

0
-05

X2

Xy, X2

Xy

0 1 2 3 4 5 6
t/s

M1 BERKERE NPT AR E
x(0) = 1.5, x,(0) =3.0 B RHREHF
State trajectory of the controlled systern without
exterior disturbance from the initial state
x(0)=1.5, x,(0)=3.0

Fig. 1

35
3

25 \/"2
2

15}

1}

0.5}

0
—05
0

X1:X2

e YT NN A P G

I 2 3 4 5 6
tl's
B2 BERSKEAIINSRS W) T AR E
x1(0) = 1.5, x,(0) =3.0 h R ERABL
Fig. 2 State trajectory of the controlled system
with the exterior disturbance W(¢) from the
initial state x;(0) = 1.5, x,(0) =3.0

1
08
0.6
04 %
.02y v
) ) N T
v 0.2 - ~1 \!\<‘ . \
-04 x
—-06
—-08
-1

0 1 2 3 4 5 6
tl's

B3 SEAREINRES W) FAZHRRE
H & KRS Bhsdk

Fig. 3 State trajectory of the controlled system with the
exterior disturbance W(r) from the initial state
x(0) =0, x,(0)=0

5 #4512 (Conclusion)

AR TR EZAEHNEEREERAE
HEtEfE @ Ho BRI AR T R AW
HRENRSFM, HEREM BRI T -RES


http://www.cqvip.com

266 EAO |

B o® 5 ©m H

ok

KRS R A Mk hiE e R T —F
FT MATLAB B4 H &+ H, 5285093501 7 8,
HHA—1 B FREWIER T FEERANERNE.

% & 3L #K (References)

(1] LEESH, KIMTH, LIMJ T. A new stability analysis of switched
system [J]. Autormatica, 2000,36(6):917 —922.

[2] LIN Y. SONTAG E D. WANG Y. A smooth converse Lyapunov
theorem for robust stability [J]. SIAM, 1996, 34(1): 124 - 160.

[3] LIUX, SHEN X, ZHANG Y. Stability of a class of hybrid dynamic
systems [J]. Dynamics of Continuous, Discrete and. Impulsive Svs-

tems, 2001,8(2): 359 - 373.

(4] PELETIES P A, DECARLO R A. Asymptotic stability of m-
switched systems using Lyapunov-like functions [C]// Proc of
American Control Conference . Boston: Academic, 1991.

[5] PETERSONIR, UGRINOVSKI V A, SAVKIN A V. Robust Con-

trol Design Using H, Methods [M]. New York: Springer, 2000.

[6] SUN Hongfei, ZHAO Jun. Control Lyapunov functions for switched

control systems [ C]// Proc of American Control Conference . Vir-
ginia: [s.n.], 2001:25-27.

(7] #&#. RAESEHERPOLERKRIM]. b B2dR
i, 1984.
(HUANG Lin. Algebra in System and Control Theory [M]. Bei-
jing: Science Press, 1984.)

(8] BOYDS. GHAOUILE, FERONE, et al. Linear Matrix Inequali-
ties in Svstem and Control Theory [M]. Philadelphia: SIAM, 1994.

GUEFENE

KELF (1979 —) B X EB R M RNIRE S I RE ST I
sl IR MR 25 S5 H . Email : zht-hust @ 163 . com;

XEHZE (1956 ). B . BHE, HLEFIN. 198 FHEXEER
PR LA 0L B E R S KN AR REE .+
B RILFHFLRMITR"HEBERHEZ. C2ARLL 120 85 HREE
RiEK, B PR %% & “ Dynamics of Continuous, Discrete and Impulsive Sys-
tems" F4R. A5 4 PERRENE 5. FERT A HEEER
FREEREEC. REITREEECSNA, Wi H 504, 82
%%

JOURNAL OF CONTROL THEORY AND APPLICATIONS
(¥ 528 18 55 Kz F ) 3E ST H 6 F

(¥ HIFRIE 5% 1 )3 UK JOURNAL OF CONTROL THEORY AND APPLICATIONS E ;5 .

ARHHEERFE, LB LT RKFEES, TELBRA X JFEX.

EREEARE: DEFPSEERNRLE; D) A SELKEEH RR ) HHSHIERH R4 ;) BHIEH &R
G5 BHEMRL ;) KRZAHEL:NIRARE:8) ZEFHN B 9) HEMEH; 10) & EEH ;1) B 5
B 12) e S5EwED; 13) S ERBRELR AL PRI ; 14) RAERBE PN A EE A E.

POV TAEE MR A 85 . B R FTENFRIS AT .

Hoht: I SRR ER TR (RIS SR A 4B

MR : 510640
E-mail: aukzllyy @scut.edu. cn

“JOURNAL OF CONTROL THEORY AND APPLICATIONS” & Z=H|, &8 104 00, €4 25.00 7C. = B 1T %
HEE vl HiEm 4B I, TR S E . LT R 2003 46/ TS #1 2004 FE2FENEE 3K 6 L H .


http://www.cqvip.com

