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Abstract: During the last three decades, there has been an increasing interest on the modeling, analysis, synthesis, and con-
trol of switched systems. The purpose of this paper is to give a survey on the current development of the research on switched
systems. The main topics consist of i) common Lyapunov function; ii) stabilization of switched systems; iii) controllability of
switched systems. Finally, prospect of development is presented. In addition, some auxiliary knowledge is illustrated in the ap-
pendix.
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1 3| (Introduction)

T 2 30 b VIR AER — A PITHE, 0
FARF Google 76 M I 48 & “switched systems”, & &
B 3410000 %3 % H . 7E Sciencedirect L, R 7]
PA#RF] 1062 756 T Ul R G0 SCE (3] 2004 4F 11
R 235). &1 KRBT ARl RE R GER
EK.

4% 1 j& Sciencedirect L byt & o6 L4

Table 1 Number of papers on switched systems cited
in sciencedirect
£ # 1970~ 1979 1980~ 1989 1990~ 1999 2000 ~
FEHR(E) 6.8 15.2 4.6 8.8
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AL EEMYIR RSN MFREH A, 2 € A B—3ER] K Lyapunov pE%Y.

2 = fn(x). (1)
XH (1) ~ A NAELR, A NERE. BRIES
SMSEH, ZHIEN TBRE A BARE, iC/F A =
11,2,+, N}.
— A UIER R G E LN

2 = fyn(x) + igam(x)ui- (2)

Fnluh s f(x) HEMR g.(x) AER WAL
ARG
2 = Agnx (3)
B R 5

£ = Aynx + 20 by (4)
i=1

Xt F— I R, VIR 43 R L2

D o(t) WITEM#K, BERIEHELRE
(B — B A A PR ] X (8] 9 HBE VIR A FRIK)

2) o(t) fEfE, B ERAT IR A E L RE

3) o(t) B—AFAHLE (— /A Markov) 1T 72,
B 3 BEHL (Markov) 3 FR i 4L 5

4) o = o(x,t) KBTS, BB —RERIR
Pt
2 #[F Lyapunov & #{ (Common lyapunov

function)

XF 2L (1) QR FFLE—4 Lyapunov pREY V(x) >
0, HAFXTETA YIS

V(x) = 90 0 <o (or < 0), wa € 4,

MLBREFREE (HHERE)N. MR v(x) 2
RE XA, MERE2R/HB . HI, XH—4 Lya-
punov PREL(FR M IL[R] Lyapunov PRE) BTV &
GR—NEERE.

TR (), —RER MR K Lyapunov
PREL. £ 2004 4E ) — A F B e, IR Lya-
punov BREES N R G5 45 i T B A R AR ) L 22
— BB SR 3[R Lyapunov iR R B VI R4 a E /Y
FEo Sl
2.1 M ZE % (Linear system)

FTMEHERGEAFIFHRA () WILFE K Lya-
punov PREY . —RRHRIE,

X 1 4HE—HREIER A2 € AR
— M IEEHER P > 0 {15

PA, + AP <0, YA E A, (5)

T AXFEEZEARMIRERARER B Al <
w WRIA| = o, ROINATRAE:

PA, + ATP < el, YA € A. (6)
XHB e > 0.

BERE, XA R RS BEEF L ER
R FRRE, E M EE R ASE SR 17 ~ 25].

THEIA—EHBMER, EIIANAEEREY
W T BB R 1% 6 R A R ik 4%

I 1 % A = 1,2, ,N) B —HTR
i) B, W F7E BN/ 3% Al K Lyapunov
PRIEK.

XAEE R — S R I — K Lyapunov
BRBCT AN N i — N IEE R Py, EX P; >
0(i = 1,2,,N) IR :

PA, + ATP, = - P,
T
P2/‘?2+A2P2——P1’ 7
PyAy + ANPy = — Py_y,
A2 Py BLRE— 3R K Lyapunov i %X, Py R
HREAWT

® T (e T ® T

A A, .t A A

Py =j e MNJ e’ n-1 N—l--~j e’ 1" Pye 1'1dt1-~-
0 0 0

BAN‘I[N‘ldtN,leANlthN. (8)

T—T4ERERN Le-RBWER, €8 1 £
TR

EE 27 i A,2 € A ERM Lie R
{A A € AL TR, B4 A, 2 € A BILFR R
Lyapunov PR%Y .

D XMERERAT 1Al = =;2) EFLie A
Bl BB SE 1.

THEHRZERE—#K:

EE 3™ W LieRBL = 14,,4 € Al W
Levi 7% A

L=Sg¢R. (9)

XHE: S BEBRFREGCRHRAN, BB A
HOAR S B, M 4,2 € A AR K Lyapunov
RS
KT 5 Lie /U8 Levi % B Lie- S5 %%
IR 1.

THEHAH - TELAED.

5131 {A,,-, Ay} BILF K Lyapunov
B HMNEFE— KT TE SO(n,R),#15
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956 = of ® i 5 mM H g0
IT'A T, T'ANT B — SRR — (UGAS) .
Lyapunov PR%{ . EX 3% YIRARLE(1) N UGAS, R 17—
HEEFXNFHEL, — M EFEMER Lyapunov bR A~ KL R B #1758

E5T L HA—#HAEXFER, M [F K Lyapunov
PRI AFEERT R L — o, BfFfE S R K
Lyapunov PREC Y HAX Sz RIEX . Fe5l 2 E T
RIS O, 3E[E] YK Lyapunov BREVE S FTHFT &
Witk zlE , Hitt, EiR R ik o R i 8 &
P2 R S F G O B0 45 R AT HET B B AL
RBO}.

&G, BEME R IR IR K Lyapunov BR %L
HR—PMEERRPITZ AR k. — L F HNE %
AL 2|
2.2 3JE£k141E 5 (Nonlinear system)

BEGH—HMEY fi(x),A € A HHE[F
Lyapunov bR 17 #& <€ X :

EX 2P f(x),2 € A B3 E Lya-
punov BREE—1 C' BB V2"~ [0, + =) #1847
TE Ko PREL a) A1 oy, R

a(181) < V(&) < (| £]), § € E* (10)
H
VA(E/(E) <0, 620, YAE A, (11)

ERIFRMEF, R 1Al = o, KA1 5

RTFRRME: AFEE—MESIEE RS o), 17
VAEN(E) < a3(§), €20, VA E A, (12)

Xt F—HAEL W &3, I Lyapunov PREK
EHARMEREMES S EAEHE L T, 1]
U HIGE R

TR 4 fi(x),2 € A BE—-DERD
Lyapunov BR%X , {1 5%

D [fi.fil] =0,Vi,j€ A;

2) fF7E KL BRELBi( &, 1) fH15

$:(6) < B(161,0), ¥ =0, ya€ A,

(13)
Hlal< =,R13) iy g, TLUHA—I5E—08
=

*F K, Ko, KL BRE, WM 2.

XF—2H A R PP Rl A2 H 2 R e i3k
KM Y, X35 A BHERBR LR Lya-
punov BRI .

MAELHEYI ] R 5, — B S 2 Lyapunov
HEE S BEEERBRELE R RFHRE

$5(8) < BUIEl,1), Vi =0, YEEE", YA € A.
(14)
HTCHR[36 )45 R, T MY Lyapunov #6E BRAT «

T 58 RG(1)0 UGAS, 4 BAL Y775 —
A~ C* RE V:E —~ [0, + =), {#15

ar(|€1) < V(&) < ax(1€]), V&€ B (15)
b4
VV(EL(E) <-as([£]), VEEC R, VA€ A.

(16)
XH: o) Mlay B Ke BB a3 HIELEIEE REL.

Xf 42l Lyapunov BR¥, #5 1 Lyapunov 33 <€ P
R AR EES R
3 $AXE(Stabilization)

I REMEE R R R FEE R — 1 EA
£ 189 Sl B R F A T/, F Z AR
H) LBk R X — (A, 6 4

3t [F Lyapunov BR%U 19041

+ 3K LaSalle R J53E4;

- & Lyapunov B $7 19

- AEREE M-l

. @%}@@[m

- FET I SR EDY

THRGRTEEBI T FTHRAZN - KEE
() R«

EE 6 WA= {1,2,,N. FEYI®RE
G4 ZWREE, YHMNE TIAEXEE E
x> 0:

?éasxoi(x) <0,

grelisr:(?,-(x) > ?elasfoi(x)’ (17)

L(x) >0, 1€ 8,.

FxE, RO R—HKELEX, RBRE
fE7 ..

AP EREEG R SCER[45 1% 5 ACeT A 1) #e
SHERFAENEELAH T —HABELRNG.

RERRUREE , P V#FE o = o(x), B—
MMREXMER) PR, "B /O X Blin: @K F7E
ME—; 2) VIR B ERBIRARES M E SR
AT RERUN AR X SE R ME A 1 T A
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4 fE¥E1% (Controllability)

MHRENREEE SR ENSE R EE.
HATHE R EERE AR EE R .

4.1 S5 (Linear system)

H AT xHI# Lt R S R 75 &K,
il 4 I, SC k[ 38,49 ~ 52].

Y B R G R, Ml BB E R
Ry, B A0 T ARIE R ERAT, TR, fiftE X
H

EX 4 RE x € T 1o T RIREE, I RAFAE
BEZL o > 1o BR— A o: (10, 4] > A, fHT]
x(tr3t9,%,u,0) = 0.

IBEE B HARENR/NTFERA(A]B).

AT RGEREEN— T EESRE (KA
%3h):

B P MRK@) EETFERN

C = (A Ay| Bi,, By), (18)
Hit, REREE Y ALY dim(C) = n.

RE¥E RS 28 RO IR AT 7ESCHR[ 38 ] P 4R 8.

HEL b RERTERIAR USRI — MRS
KL PREE ZEUT RS .

B EZERSG

£ = Aynx, x € 32, (19)
XHE A =1{1,2,31, H

A, =+1, A —( 1)
= s = .
2 B } -1 0

REEH T, ZREWRRETE R K {0 BESIE
HEREETHERE M, = R?/{0} UL A, fl 4,,
LR RT AT AR 1 (B KN L i As BB
E—TEE, HHXYEERS 0 € M., x, €
F(x,) H % € R(xy).

ERBIFRA, - RENREETFZERN 0],
BRTae LRt b v Wi, SRHEEREAM, G
FEF A A R LA R U 2t 7R G i vT 454 . S0k
[S31iiE T Y& R AW BERE FHIE
4.2 JELMTER (Nonlinear system)

EEHERRRBEER R, EH—EA
T ERJEE(Chow’s Theorem) :

EES(AEH) B’ MAndC® HKE,S =
X, Xt c V(M) A— C* MEBHES,L =
[Xy ey Xt o 8 S AR Lie- U8 1% rank(L(x)) =
const < n, XE—8 20 € M,iC Is(x0) N S Z&it x4

KR KBS FRIE, BBAX FRE EMAE—8 « €
Is(xo) %ﬁﬁﬁ—:

X, .. X €S
Rty ot € 7 f#1G ‘

x = i (),
M, AW S W &5 AT, 2% 4R A&l

F44.

BBV S TR R 4 (B4 45 R 5 1) e 3
KRS, BT — AR R AT R AL

C RGRSY BTG, B R B R A
X ] 44

EBTGE L EARE KB T RXFR, Bk
P A FBARTE 1935 T 43 (B (B3 [ ) T R 28 AR,
EUSCHIRERETE

RIFPEA R A, SCIRIS4 148 ) T R b4 i

RGIREFEPER — Lo ST IO FE 5T SR 1

5 Z5i(Conclusion)

AL 7 () REN — S EAR R,
FEAHE: 1) —HmEHWIEE Lyapunov bR A
(BRELH JELR MR ) ; 2) VI ARGEE; 3) V)
R GREEE .

H TS AZRE MBS 2T, BmZ/E
B WA AN E , SRR ME S i . X~ S i it
FEAE T MR 1 Z PRI (el A R Ak

RRIEEE A A HI B, — 20357 59 77 19 76 K 3K 7 fg
SEREE Flw.

- EitES . R ERERNN—F I TE,
2 SRR KB )R R 5 3049 Bang-Bang % Hl 5t B U1 &
BIFE ] U4 R G0 A 4 ) ) — 2 3 45 R BT L SOk
[30,55].

- SERMEAXNIBRAR. FIAARRBE
TAMRHESIT AERRRE SER -,
ERERBIESE AR EN AR X HE
M T AER] WL3CHk[ 11,56,57] .

— P HEE B F & F 4K (Agent) R/ B
BIBNFNFE R T B R B R RS BB AR e 5
IR

B 2" RFEE N BB T x(0),i =
1,2,--,N. 0 6,(¢t) TR i MEIRTERZ] ¢ 32 3]
T, r R BB EE, L  RFH
@Bﬁﬁﬁ Ni(t) = {]| “ xj(t) - x,(t)” < rt (@B%'lﬁ
LK 1) .
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Fig. 1 Adjacent graph
R F RN R Ry EC
AT 1), BY

6:(¢ + 1) = (6:(¢)),. (20)
XHE
1
(6:(¢)) = mi—(t—)(ﬁi(t) + je%l)ﬁj(t)).

Bk FHN = 4, K THMERN £(2,2),
xZ(SaS)axS(SaS)ax4(5a9) 6 RZ,E_EEEE%J r = 3«/5

ARASBIEAERE R (BB i TR DR PR,
a; = VTR i,jH#E, 0y = 0F/R i,j FHEE):

01 00

1 011
A =

01 01

0110

BEEERH AT 0 BT i RFAHERRT
80

1000
0300
D =
0020
000 2
H p iCR &R D, 3L

F, = (I1+D(p)'(I+A(p))),

TFREIVIHIN ) REEEN
6t +1) = F,,)6(1). (21)

XHE

o(t):10,1,2,--,1 > P = {p}.
B ERBIFAI LR R YR REER R AR TR
YER R — i . HE T RE B SER MR
FPRIBOREEEMNER.

5 & UK (References) :

[1] OOBA T,FUNAHASHI Y.On a common quadratic Lyapunov func-
tion for widely distant systems [J]. IEEE Trans on Automatic Con-
trol ,2003,42(12) : 1697 - 1699.

[2] VU L,LIBERZON D.Common Lyapunov functions for a families of
commuting nonlinear systems [J]. Systems & Control Letters, 2005,
54(5):405 - 416.

[3] MORSE A S.Supervisory control of families of linear set-point con-
trollers part 1: exact matching [J]. JEEE Trans on Automatic Con-
trol ,1996,41(9): 1413 - 1431.

[4] BALLUCHI A, Di BENEDETTO M D, PONELLO C, et al. Hybrid
control in automative applications: the cut-off control [1]. Automati-
ca,1999,35(3):519 - 535.

[5] SUN Z.Stabilization and insensitivity of switched linear systems [J].
IEEE Trans on Automatic Control ,2004,49(7):1133 - 1137,

[6] MORI Y,MORI T,KUROE Y.On a class of linear constant systems
which have a common quadratic Lyapunov function [ C]// Proc of
the 37th IEEE Conf on Decision and Control. Tampa, Florida: IEEE
Press, 1998,3:2808 ~ 2809.

[7] MORI Y,MORI T,KUROE Y. Some new subclasses of systems hav-
ing a common quadratic Lyapunov function and comparison of known
subclasses [ C]/ Proc of the 40th IEEE Conf on Decision and Con-
trol . Orlando Florida: IEEE Press,2001,3:2179 - 2180.

[8] NARENDERA K S, BALAKRISHNAN J. A common Lyapunov func-
tion for stable LTI systems with commuting A-matrices [J]. IEEE
Trans on Automatic Control ,1994,39(12):2469 - 2471 .

[9] ZHANG L,CHENG D, LIU J. Stabilization of linear switched systems
[1]. Asian J of Control ,2003,5(4) : 476 - 484 .

[10] CHEN W,BALLANCE D.On a switching control scheme for non-
linear systems with ill-defined relative degree [ J] . Systems & Control
Letters ,2002,47(2) : 159 - 166.

[11] JADBABAIE A,LIN J, MORSE A S. Coordination of groups of mo-
bile autonomous agents using nearest neighbor rules [ J]. JEEE Trans
on Automatic Control ,2003,48(6):988 ~ 1001.

[12] BB, 8. AL IER [1]. B FH), 2004,
(8):4-17.

(CHENG D, CHENG H F. From swarm to social behavior control
[1]. Science & Technology Review,2004,(8):4-17.)

[13] LIBERZON D,HESPANHA J P, MORSE A $. Stability of switched
systems: a Lie-algebraic condi-tion [ J]. Systems & Control Letters,
1999,37(3):117 - 122.

[14] SUN Z,GE S S. Analysis and synthesis of switched linear control
systems [ J]. Automatica ,2005,41(2): 181 - 356.

[15] BDONDEL V,MEGRETSKI A. Unsolved Problems in Mathemati-
cal Systems and Control Theory [M].New Jersey: Princeton Univer-
sity Press,2004.

[16] DAYAWANSA W P,MARTIN C F. A converse Lyapunov theorem
for a class of dynamical systems which undergo switching [J]. IEEE
Trans on Automatic Control ,2004,44(4):751 - 760.

[17] OLFATI-SABER R, MURRAY R M. Consensus problems in net-
works of agents with switching topology and time-delays [J]. IEEE
Trans on Automatic Control ,2004,49(9) :1520 -~ 1533.

[18] MASON O,SHORTEN R. A conjecture on the existence of common
quadratic Lyapunov functions for positive linear systems [ C] / Proc
of 2003 American Control Conference. Dener, Colorado: AACC
Press, 2003 ,5:4469 — 4470.

[19] CHENG D. An algorithm for common quadratic Lyapunov function
[C1// Proc of the 3rd World Congress on Intelligent Control and


http://www.cqvip.com

%634

BHURS YR ARG

0 00 _http://www.cgvip.com|

959

[20]

[21]

[22]

(23]

[24)

(25]

(26]

(27]

(28]

[29)

(30]

[31]

[32]

(33]

[34]

[35]

(36]

[37]

(38]

Automation . Hefei: [ s.n. ],2000,4:2965 - 2969 .
CHENG D. On Lyapunov mapping and its applications [J] . Commu-
nications in Information and Systems ,2001,1(3):255 - 272.
MORSE A S. Control Using Logic-Based Switching [M] . London:
Springer-Verlag, 1997.
WILLIANS S M, HOFT R G. Adaptive frequency domain control of
PM switched power line conditioner (J]. IEEE Trans on Power
Electronics , 1991,6(10)665 - 670.
MANCILLA-AGUILAR J L,GARCIA R A.On converse Lyapunov
theorems for ISS and iISS switched nonlinear systems [J] . Systems &
Control Letters ,2001 ,42:47 - 53.
Sira-RANIREZ . Nonlinear P — I controller design for switch mode de
to dc power converters [ J]. IEEE Trans on Circuits System, 1991,
38(4):410-417.
SHORTEN R N, NARENDRA K S, MASON O. A result on com-
mon quadratic Lyapunov functions [J]. IEEE Trans on Automatic
Control ,2003,48(1):618 — 621 .
MOSCA E. Predictive switching supervisory control of persistently
disturbed input-saturated planets [J]. Automatica,2005,394(1):
91 - 107.

LI Z G, WEN C Y, SOH Y C. Observer-based stabilization of
switching linear systems [ J] . Automatica ,2003,39(3):517 - 524,
AGRACHEV A A, LIBERZON D. Lie-algebraic stability criteria for
switched systems [J]. SIAM J of Control Optimitation, 2001,

40(1):253 - 269.
CHENG D, GUO L, HUAN J.On quadratic lyapunov functions [ J].
IEEE Trans on Automatic Control ,2003,48(5) :885 — 890.
XIE D, XIE G, WANG L. Complete characterization of quadratic
Lyapunov functions for planar discrete systems [J]. Communication
in Nonlinear Science and Numerical simulation ,2004,9(4):405 —
416.
KHALIL H K. Nonlinear Systems [M].2nd ed. New Jersey: Pren-
tice-Hall , 1996 .
LIBERZON D, MORSE A S. Basic problems on stability and design
of switched systems [J]. IEEE Control Systems Magazine, 1999,
19(5):59-170.
LIU Y, PASSINO K M, POLYCARPON M M. Stability analysis of
M-dimensional asynchronous swarms with a fixed communication
topology [1]. IEEE Trans on Automatic Control ,2003,48(1):76 —
95.
MANCILLA-AGUILAR J L, GARCIA R A. A converse Lyapunov
theorem for nonlinear switched systems [J]. Systems & Control Let-
ters ,2000,41(1):67 - 71,
THATHACHAR W, VISWANATH P.On the stability of fuzzy sys-
tems [J]. IEEE Trans on Fuzzy Systems,1997,5(1):145 - 151.
LIBERZON D, TEMPO R. Common Lyapunov function and gradient
algorithm [ J]. JEEE Trans on Automatic Control, 2004, 49 (6):
990 - 994
MANCILLA-AGUILAR J L. A condition for the stability of
switched nonlinear systems [J]. IEEE Trans on Awtomatic Con-
trol ,2000,45(1) : 2077 - 2079.
YEDAVALLI R K. Conditions for the existence of a common
quadratic Lyapunov function via stability analysis of matrix families
LC1 // Proc of Ameritan Control Conference . Anchorage, Alaska:

[39]

(40]

fa1]

[42]

[43]

(44)

(45]

[46)

(47]

(48]

(49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

(57]

AACC Press,2002:1296 - 1301.
SUN Z,GE S S, LEE T H. Controllability and reachability criteria
for switched linear systems [ J] . Automatica ,2002,38:775 - 786.
CHENG D. Stabilization of planar switching systems [J]. Systems &
Control Letters ,2004,51(2):79 — 88.
ZHAO J,SPONG M W . Hybrid control for global stabilization of the
cartpendulum systems [ J]. Automatica, 2001, 37 (12): 1941 -
1951.
HESPANHA J P. Uniform stability of switched linear systems: exten-
sions of LaSalle’ s invariance principle [ J]. IEEE Trans on Auto-
matic Control ,2004,49(4):470 — 482.
BRANICKY M S. Multiple Lyapunov functions and other analysis
tools for switched and hybrid systems [J] . IEEE Trans on Automat-
ic Control ,1998,43(4) :475 - 482.
CAINES P E,ZHANG J. On the adaptive control of jump parameter
systems via nonlinear fltering [J]. SIAM J of Control Optimization
1995,33(6):1758 - 1777.
XU X, ANTSAKLIS P J. Optimal control of switched systems based
on parameterization of the switching instants [ J]. IEEE Trans on
Automatic Control ,2004,49(1):2-16.
CHENG D,GUO L, LIN Y, et al. Stabilization of switched linear
systems [ J]. IEEE Trans on Automatic Control, 2005, 50 (8):
1224 - 1228.
COHEN N, LEWKOWICZ I, RODMAN L. Exponential stability of
triangular differential inclusion systems [J]. Systems & Control Let-
ters,1997,30(4) : 159 - 164.
XUE F,GUO L. Necessary and sufficient conditions for adaptive sta-
bilizability of jump linear systems [ J]. Communications in Informa-
tion and Systems ,2001,1(2) :205 - 224,
SHORTEN R N, NARENDRA K S. On common quadratic Lyapunov
functions for pairs of stable LTI systems whose system matrices are
in companion form [J]. IEEE Trans on Automatic Control , 2003,
48(1):110- 113.
GE S S, SUN Z, LEE T H. Reachability and controllability of
switched linear discrete-time systems [ J]. IEEE Trans on Automat-
ic Control ,2001,46(9):1437 - 1441 .
SUN Z, ZHENG D. On Reachability and stabilization of switched
linear systems [ J]. IEEE Trans on Automatic Control ,2001,46(2):
291 - 295.
XIE G, WANG L. Controllability and stabilization of switched lin-
ear-systems [J]. Systems & Control Letters ,2003,48(2) : 135 - 155.
CHENG D, CHENG H. Accessibility of switched linear systems [C]
// Proc of the 42nd IEEE Conf on Decision and Control . Maii,
Hawaii : IEEE Press,2003:5759 - 5764.
CHENG D. Controllability of switched bilinear systems [J]. JEEE
Trans on Automatic Control ,2005,50(4):505 - 511.
BENGEA S C.DeCARLO R A. Optimal control of switching sys-
tems [I]. Automatica ,2005,41(1):11 - 27.
LIN Y,SONTAG E D. WANG Y. A smooth converse Lyapunov the-
orem for robust stability [ J]. SIAM J of Control Optimization , 1996,
34:124 - 160.
NARENDRA K S, BALAKRISHNAN J. Adaptive control using mul-
tiple models [J]. IEEE Trans on Automatic Control ,1997,41(10):
171 - 187.


http://www.cqvip.com

0 00 _http://www.cgvip.com|

960 BoH B i 5 N H BTk

(58] HUMPHREYS J E. Introduction to Lie Algebras and Representation Ky o K,

Theory [M].2nd ed. New York: Springer-Verlag, 1972. MMT: = : s,
[59] CHENG D,HU X, WANG Y. Non-regular feedback linearization of K, ~ K

nonlinear systems via a normal form algorithm { J). Automatica, . .". " N

y ® XE K, Bnx n 8 IB4 Killing SEREATE X H
2004,40(3):439 - 447.
, , . . tr(Ky) - tr(Ky,)

[60] GILMORE R. Lie Groups, Lie Algebras, and Some of Their Appli-

cations [ M].New York: John Wiley, 1974. K = : : (46)
[61] XIE G,WANG L. Necessary and sufficient conditions for controlla- ir(K,) - w(Ky)

bility and observability of switched impulsive control systems [J]. T A9 E B AT R TR e A AR

IEEE Trans on Automatic Control ,2004,49(6) :960 — 966.

[62] ZHAO J, DIMIROVSKI G M. Quadratic stabilization of switched
nonlinear systems [J]. /JEEE Trans on Automatic Control, 2004,
49(4):574 - 578.

[63] SUN Z,GE S S. Analysis and synthesis of switched linear control
systems [J]. Automatica ,2005,41(2) ; 181 - 356.

Bft 3% ( Appendix) :
R 1 AF— Le ¥ L, EX—KSH Lie-RE
mE.
L<O): =L,
L(Is+l): — [L("),L“‘)], k > 0.
EX a1 Lie fRBFR AR, MBALE £ > 0ff
B L0) = {0}, B 2 € L,x M—AIIEERAIT K ad,: L~ L,
TR—AREBE, T XK
ad(y) = [x,y], Vy € L. (A2)
Killing B2 Lie (AR — N EALR. &K e,
e, | N Lie-fO¥ LE—A 2,0 ad, EX AN FE T ARRHI—H
nxniBl.
ENX a.2% Killing B —MRMEBES, E UK

(A1)

K(x,y) = w(adad,), ¥V x,y € L. (A3)
id
adeiek = Zp.‘«y‘-ek,
k=1
WA XEMERE M A
[ :u}l ,u{n ]
Mt Hin
M: = : s (A4)
,Uin ,Ulm.
L\ pm Hm /-

;Jﬁéxﬁﬂ%iax = Zn:x;e,-: = (x,-,xz,"',x,,)T&y = i}y;ei: =

()'h)'zv"'v)'n)Tv ’}1']

ady = x" < M x Y. (AS)
XEx MERNEE KBRS Byt REFTERNS
I FTEEERELS EX

EE a3 —4 LiefABAT#, 4 H{UYE /Y Killing
R 0,8 K = 0;

EH a.4 — Le-fUEEEAN, MREAREERT
Al 3R

EE a5 — 4 LeREREHN, YERNYER
Killing 56 dE AT 75

EE a.6'% fh— Lie A%, TR

L=SqeR. (AD)

XE: SE—MEATRE,RELKNR, IEHRKAFE
H,[S,R] c R. K(a. DR L A Levi 7H4% .

¥ 2 Killing MK TRE, EHER a.5,2.6 SHEK
KX GE—TFERENR

(ay,a2,",a,) = (ersex,r,e,)A.
XE A REFRR - x n B MR TEHER N
M= (A"Q A )M,
B Ut AT E
K = ATKA. (A8)

Zieg .

EX a7 —1 Lie-fRERE KK, IR EW Killing 56 ¥
e .

MR (A)AIHIE X 2.7 5RIET L.

P2

EX a8 1) —NE¥ a:[0,o] > RFK K RE, M
R Da(0) = 0; Da(t) BHEIHEH;

2) =P K a(t) A Ko BWINE a(t) =+ o,
(t—=>+ ®);

3) = eRHK &:R,— R, FR 9 L REUNRE(e) LR, ™4
FE.H 6(1) = 0(t =+ =);

4) — A REB(r, 1) :R,—~R, B KL, DRI EEH
t,8(-,t) B K, RECHEXMBEEN r,8(r, ) B L B

HE B
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