=

5

*R

274 511 2012 4F 11 H
Vol. 27 No. 11 Control  and  Decision Nov. 2012

XEHS: 1001-0920 (2012) 11-1607-09

BHRSHTHR ST B R ARG ., RE 2RIt
RBR SRR TT 0%

B4R AR

(1. AR a. MAETIES ASMLERESSLR=, b FEREYS
THRE2ERE, PLBH 1108195 2. yldbdby2#Re #i2&Re, Ik 5Kk 2K 11 075000)

8 OE: DHe—JSH W BN MU RS Hoo JEBE A IV WS, 058, MR T REEAR I, TP
Lyapunov & ${0F1 Finsler 5|3, £33 T I8 5 25 R 0L fa e HHATIR &M Hoo TERETRAR v TR/ 45 4F, RIE DI R
G T RGBT E, W FIH £ Lyapunov B BT R FK ISR B AR RE AR UE D) ¥ RG RS E; SR, 1)
T Hoo JEWE2E, IFAS BIPEPRZE R T80 1) Hoo TERETRER v TS0 4548, S, WIS B EBISE T Brie oy
PPRINESRAEES

KEEIR: BHUN YIRS Hoo JENEES; VI Lyapunov Bi%; £ Lyapunov Bi%; DI

FESHES: TP273 SEkFRERD: A

H . filtering for discrete-time switched systems with state delays: A state-
dependent switching method

Ll Jiao"?, ZHAO Jun'®

(la. State Key Laboratory of Synthetical Automation for Process Industries, 1b. College of Information Science
and Engineering, Northeastern University, Shenyang 110819, China; 2. School of Science, Hebei North University,
Zhangjiakou 075000, China. Correspondent: LI Jiao, E-mail: lijiao198107 @yahoo.com.cn)

Abstract: The problem of H filtering for a class of discrete-time switched systems with delays is considered. When all the
subsystems are stable, a sufficient condition for the asymptotic stability with the prescribed H. performance v of filtering
error systems is obtained based on switched Lyapunov function technique and Finsler lemma. Though each subsystem of
the switched system is not stable, a stable switched system can be guaranteed by utilizing multiple Lyapunov functions
method and state-dependent switching technique. Then, a desired H filter can be designed and a sufficient condition with
prescribed H, performance -y of filtering error systems is obtained. Finally, a numerical example is provided to demonstrate
the effectiveness of the proposed design method.
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FooE HBAYRE M He TERETEFR v. LR, JEBEAS T
SRR H R R4S

Apy = GplAyi, By = G' By,

Cji = Cpi, Vi € M.

AP = ATHS, + (BrCi)",

A2 = Fypy Agi + BpiCai + A}i,

Vit = BIHJ, + (ByiDi)" + My Aas,
Vi? = Bl Hp, + (BriDi)",

Hrp
ol — [ Py — Ginn — Gy Pua— G — G K= HjllAdi + ByiCai + (Hin Aai) "+
' L Ply = Gin =Gl Py —Gin—Gh |’ (ByiCai)™ — S,
u [ G B + BjiD; — MY, ] k2 = (Hiz1Aai)" + (ByiCai) " — Sz,
e | GiBi+ ByD; 7 Vit = Py — Gijin — G + i Qi

15 GinAai + ByiCqi — HYyy —Hjs, vi? = Pjia — Gig — Gjo1 + pijQua,

Y, = A )
| GiziAai + ByiCai — Gy =Gl VP = Pjay — Gig — Gy + i Qoo,
038 = vt o vi} = FynAi + ATFjy + BrCit
g 12\T ,.22 |’ R
- W5 v (ByiCi)Y = Py + Si1 + i Qints
» TasT - .
90134 _ Fii1B; + BfiDi;i_ A Mg, 7 Uilj2 =Ap+ A?Fgm + (Bfici)T_
Fi01B; + By D;
- d Py + S12 + piQno,
35 Ajb AP 44 T 22 _ T
P T Az 4T 0¥ T M B; + (M B;) " vij = Agi+ Api = Pioo + 520 + 13 Q22,
L~ fi A A
" b Al = FyynAg + BiCai + ATHS + (BriCi)™,
ki Kq

’ Azlf = A;FHE;M + (B.fici)T7

A% = Fyja1Agi + ByiCai + AF;,

i

(k13T —Sa9

pls = vl vi2], % = [
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vzljl = BiTH;?u + (ByiDi)" + MijiiAai,

V}J'Q = B;FH};Ql +(ByiDy)",

ki) = HijinAai + BpiCai + (Hiji Agi)*+
(BfiCai)" — Su1,

kip = (HijoAgi) T + (BiCai)T — Sia.

WEH REXPRIEE R Py, Py, S B R T

it
| P Pz | P Phe
o Pl Py |’ o Ply Pja 7
[ su 5121
ST e |
Hrp: Py = P, > 0, Pios = P5, >0, S11 = S} >

0, Soo = Sg‘z > 0.
24 5t RE B AR & Gy, Fiiy Hisy My, Gij, Fyj, Hyj,
M;; BT 4544):

G — Ginn Gio | Fin Ga
| Ginn Gio | Fiz Gio |’
[ Hin G

H;; = R Mi; = [ M1 0],
| Hiz1 Gz

G Giji1 Giz | Fyu G

! | Gijo1 Gaz Y Fijo1 Gia 7

[ H,1i Gio

Hij=| " U My =[ My 0]
| Hijor Gio

% GieAgi = Aypi, GioByi = By, KT 2 B2 (A3F
RRRE A7, O

2 Uk [24, 27, 29] 352 K H V)4 Lyapunov
BRI, BR R HE Ay WA E 1, A &
B RN 5 215 0 N 2R 2 Lyapunov BT,
ANER RGIE I A; AU R T ). DL, B4 T
T OB T E R L.
4 BOEHIT

G HAA WA T RGBS B R % (),
RGESHIr WA

(14 15 0.035 0
A = , Agl = ,
| 0 035 —0.1 —0.25

[ 0.44
| 04

By = , C1=10.39 0.25],

Ca1=[0.03 0], D1 =0.04, G; =[0.24 0.13],

[—12 0 0.06 —0.1
A2 == 9 Ad2 - )
| 0.8 0.1 0 0.16
[ 0.1
By — e Co=[-019 0.17],

Caq2 =10 0.018], D2 =0.016, G2 =[0.2 0.1].
ARSI H bR A2 B — SO R RS 16 D) e
o (wg) FUE W (2) HIBEE AR, AR 22 R G0
FaE H R ATH8 2 1 Hoo T REFRAR 7.
Y558 Hoo PEREFE FR v = 0.55. i i Matlab 3K fi#
LMIs (28), (29) F1 (30), 1] 15353 2% (1) 2 £ kb b

[ 05710 0.0541 | [ _5.4421 |
Afl = ) Bfl = )

| 0.0305 —0.7644 | —0.5003 |
Cp = [—0.0408 —0.0090} :

[ —0.2262 —0.0652 | [ _0.7772 ]
Af2 = ) Bf2 = )

| —0.0669 —0.0011 | | 04451 |

Cz2 =10.0906 0.0531].

TEEFRIRG (D) P Ay AT Ay B AR JE ATUE 1.
SCHR [24, 271 45 10 7 00602490 1 IR, T AR SC45
(36 2 MBIV AT R, B B 4, TEPT )
ot

_ { 1, 24 (Quu1 — Qan1)xr > 0;
o(xr) =
2, 23 (Q211 — Qu11)x) =0
RIFE T, 7T LS B — AN BB BOR 22304, i
SO LRI 2. b IR 4 2 (0) = (17, —12]T,
£(0) = [0, O], B EAE S b w(k) = 1/(k + 2) € 12(0,
oo]. B3 NUEPRZE e(k) = 2(k) — 2(k) (17 EL &5
4 AR DA

M T~ B3 (007 B0 2 vT LLUG Y, 72 BT ik 19
DI G VEHT, BB iR 2 REuininfaoe Hik 245
JE M) Hoo TERETRPR 7.

(3D

20
—_ 10 [
x YA
= 10}
220 . ,
0 10 20 30
k
B 1 RGRES z (k) Bz (k) BINREL
10 -
x,(k)
g; 0 k™A \\/
-
S 2,(k)
= -10 2
220 . ,
0 10 20 30
k

2 RE 21 (k) FA 22 (k) HOME L
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0 10 20 30
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3 iRE e(k) HINE R
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1.5}
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1.0

0.5 . :
0 10 20 30
k
4 YHRES o(xr)

5 4

ASCHEITT — R AR I A 1 3 D) e R 4t
1 H oo YE % 35 116 TE 0] 8L 43 550 A1) FH Y1 ## Lyapunov
BRI £ 75 15 I £ Lyapunov B8 £ J7 7% JF 45 4 Finsler 5|
B, FEAT RO A T R B DI R i AS 2 T
4 R ORAUF 98 3% 1% 22 D) 4 R ge i ke B AT §E
(1) Hoo TEREFRAR v 7870 451 IFEE T LMIER 43031
BN T Hoo DEUE ARG 25 50 P, BB AL, A SCI &S 5T
DUHE) T B R4 & 1 u o Rl g gt o A 2
HCAN R R I vty 2 1 2 T R D) 4 R e

£ % 3k (References)

[1] Jeon D, Tomizuka M. Learning hybrid force and position
control of robot manipulators[J]. IEEE Trans on Robotics
Automation Control, 1996, 9(4): 423-431.

[2] Moision B E, Orlitsly A, Siegel P H. On codes that
avoid specified differences[J]. IEEE Trans on Information
Theory, 2001, 47(1): 433-442.

[3] Zhang W A, Yu L. Output feedback stabilization of
networked control systems with packet dropouts[J]. IEEE
Trans on Automatic Control, 2007, 52(9): 1705-1710.

[4] Branicky M S. Multiple Lyapunov functions and other
analysis tools for switched and hybrid systems[J]. IEEE
Trans on Automatic Control, 1998, 43(4): 475-482.

[5] ZhaoJ, Hill D J. On stability, Lo - gain and H ., control for
switched systems[J]. Automatica, 2008, 44(5): 1220-1232.

[6] Daafouz J, Riedinger P, Iung C. Stability analysis and
control synthesis for switched systems: A switched

Lyapunov function approach[J]. IEEE Trans on Automatic

Control, 2002, 47(11): 1883-1887.

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

Geromel J C, Deaecto G S. Switched state feedback control
for continuous-time uncertain systems[J]. Automatica,
2009, 45(2): 593-597.
Sun X M, Liu G P, Rees D, et al. Delay-dependent stability
for discrete systems with large delay sequence based on
switching techniques[J]. Automatica, 2008, 44(11): 2902-
2908.
Chiou J S, Cheng C M. Stabilization analysis of the
switched discrete-time systems using Lyapunov stability
theorem and genetic algorithm[J]. Chaos, Solitons and
Fractals, 2009, 42(2): 751-759.
Pettersson S. Synthesis of switched linear systems[C]. Proc
of the 42nd IEEE Conf on Decision and Control. New
York: IEEE Press, 2003: 5283-5288.
Zhang W A, Yu L. Stability analysis for discrete-time
switched time-delay systems[J]. Automatica, 2009, 45(10):
2265-2271.
Sun X M, Liu G P, Wang W, et al. Stability analysis for
networked control systems based on average dwell time
method[J]. Int J of Robust and Nonlinear Control, 2010,
20(15): 1774-1784.
Xiang Z R, Chen Q W. Robust reliable control for
uncertain switched nonlinear systems with time delay
under asynchronous switching[J]. Applied Mathematics
and Computation, 2010, 216(3): 800-811.
Johansson M, Rantzer A. Computation of piecewise
quadratic Lyapunov functions for hybrid systems[J]. IEEE
Trans on Automatic Control, 1998, 43(4): 555-559.
Lin H, Antsaklis P J. Switching stabilization and I
gain performance controller synthesis for discrete-time
switched linear systems[C]. Proc of the 45th IEEE Conf
on Decision and Control. New York: IEEE Press, 2006:
2673-2678.
Sun Z, Ge S S. Analysis and synthesis of switched linear
control systems[J]. Automatica, 2005, 41(2): 181-195.
Lin H, Antsaklis P J. Stability and stabilizability of
switched linear systems: A survey of recent results[J].
IEEE Trans on Automatic Control, 2009, 54(2): 308-322.
Liberzon D. Switching in systems and control[M]. Boston:
Birkhauser, 2003: 61-71.
Zhang L X, Boukas E K, Shi P. Exponential H filtering
for uncertain discrete-time switched linear systems with
average dwell time: A dependent approach[J]. Int of J of
Robust and Nonlinear Control, 2008, 18(11): 1188-1207.
Liu Y S, Wang Z D, Wang W. Reliable H., filtering
for discrete time-delay systems with randomly occurred
nonlinearities via delay-partitioning method[J]. Signal
Processing, 2011, 91(4): 713-727.

(T4 5% 1620M)



