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Abgract : The feedback stabilization of limit cycles of a class of switched systems is discussed by usng multiple
L yapunov functions. Theorems for bounded state feedback stabilization, bounded output feedback stabilization and
dynamic feedback stabilization of limit cycles are presented. Based on Jurdjevic- Quinn method , feedback control laws
are explicitly presented. Asymptotical stability of limit cycles of the switched systems under the control of the
designed controllersis proved. Smulation results show the correction of the proposed method.

Key words: Switched systems; Jurdjevic-Quinn method; Feedback stabilization; Multiple L yapunov functions; Limit

cycle

Jurdjevic-Quinn (

sl 23]
Jurdjevic-Quinn
‘Li n[4]
: Shiriaev™
[6-11]
Peleties  DeCarlo™ Branicky'”
L yapunov
[12]
: 2006-05-13; : 2006-08-28.
(60504007) ;

(9779, ,

[13,14]

Hi skens ™!
Nersesov [ Poincare ,
L yapunov
, Jurdjevic-Quinn
2
x=fi(x),i Q={1,2, ,N}.
'x X CR" , X
N
X = Xi, Xi(i Q
i=1
(RCQD06-03) .
; (19759,

(1)



1074 22

cfi() RVi|rax, = 0Vi(x) > 0,Vx €T n X
Lipschitz .ox(v X [0,T] LrVi(x) <0, Vx Xi:
c .Vt [0, T],x(1) Xi, 2) x (1) Xi X
x(t) = fi(x), x(1) .ox(v x(t) ,Vi(x(t)) < Vi(x(t));
Xi X , fi fi. 3) r U: CUo, Ui
t=t, {O(t) ,t)},i= S NnQ = n X,i Q.
1,2, . , ui (x),
o(t) 20 (t+1), Vi. r LU (x)
o . , w3 =- ) Lgivi(x[;l[Lgivi(x)]T[LgiVi(X)]T’
[16] . B > 0.
X Uo N Xi,
: u(x) =- = TILgVi( 1T,
1047 (1) s(t, %o) 1+ LgIVi(X)[LgiVi(X)] '
, MR Is(txo) Il < M, B > 0.
Vt >0, s(t,x) (t=0)  (%o) Vi(x)
00 0) — 7. — : B.
W(x). Lo Vi) =LV e 0 LV (0]
ol17) (1 X, C X Lo Vi(¥)[LgVi(x)]" 0. )]
C(r=1 Z ={x Xi:LfiVi(X) :O,LgijVi(X) =0},2
ViiXe n X0 R Q  LyVi(x(9) €0,  _ VI _ rc
x(1) Xe N Xi. x(t) Xi X i=1
x(t) ,V (x(t)) < Vi(x(t)). M.
K= {x() Xen X:LiVi(x() =0}, 3 2) ,
N . 1 2 , w
K= K. W(x) S M, s(t, o) M.
M IK:1 - %o Xe | t Xo Uo, wW(x) cl, I
»ow o x(t,x) M, X Xi I : X Uo,
3 W(x) n (M) . Xo W(x) N
31 (M\IM) . 1 W(xo)
Xo y"© (Xo*) CW(Xo) .
X = fi(x) +g(%u. 2 M ' D %
X XCFR . X , x=s(t,x) EM SZ 6i(t):(ﬂé-(x—xl-
u U cR" : i Q,fi,g C".
1 _ ad?lgi,-) (x) =0, Vx=s(t,x) X, s(t, %o )
filg.l<i<N, @ X0
Di = span{adf, g0 < k< n-1,1<i< m. 5:(0) =8'(0) = =3{"(0) =0, Vk2
Di, 0,
Qi ={x X SR:L{Vi(x) =0, 3% (0) :(maf(—xl-adhg”)(x&) =0, Vk 2 0.
k=1, .1, xo = s(0, %) S nQ;. S nQi =T n
S ={x X SR:L{LVi(x =0, xi.i o, () <f.
% Di,k=0,1, ,r-1}. r
1 (1) r,

Mw(xl s—;ﬁi <B., Wi > 0.

1) r Uo C(r=1) Vi:R" & Bi, ui (x) . O



9 : 1075

3.2 2 x( X X
x(t) ,Vi(x(t)) < Vi(x(t)),
{x = f(0 + g0y, @ W (6) Wi (xE)
y = hi(x). : : (6) Wi (x§)
X X CR , X . :
u R" h C° . Vi 0, Wi(x€) =0, LiVi(x) =0§ =0.
fi,g C". (1) - € ={- [LgVi(®]" -&}=0 = 0,LgVi(x) =0,
1 (4)
LE'Vi(x) = 0,LfL:Vi(x) =0,
2 (1 r, M DO<k<r-1.
(4) : : 3 ., (x&)  {(x&) :Wi(x§) =0},

1) r Uo C(r= x g =o0. 2, . O
1) Vi:R" - R,Vi|rax =0,Vi(x) >0, Vx 5
& n Xi; A,B

2) x (1) Xi Xj i 4] 1

. 0 - - 0
x(t) ,Vi(x(t)) < Vi(x(t)); Alx = 4 x+ 2 J Ua

3) r U:s C Uo, Us -4 0 0 /\s
S nQ =T nX,i Q [0 2 2.h 0]

) B:x = X + Us

r u(y) 1 o] o f

he(x) R
uly = Bl+||h.(x)||2'“3'>°' Jg
Xa ={x:] x| < x|},
LoV(X) = h'(X). 1 2.0 Xe = {x:1 | _Jzélxz N
4
3 (1) r,
. Va(d = 76+ (37 )7,

1) r Uo C(r=1) Vi:R" - , )
RVi|rax, = 0,Vi(x) > 0,Vx &T n X Ve (%) :'i‘((lzl) + % - 1) ,
LeVi() <0, Vx o Xi; Li,Va(x) =0,L,Ve(x) =0,

2) x (1) Xi Xi l‘;’; _

X (1) .V (x(t) € Vi(x(t)) : {(Xl,XZ) ) ox| = 2| le} Va(x) =Ve(x).

3) r Ui CUo, Ui )

S nQ = nX,i Q. N ={x Xa:X + (x/4)? =1}
r {(x Xe:(x/2)?+ % =1}
{ = [LVi(0]" -E
© 2 X2)2 o
u =¢. X1+(4) -1 -
(5) Ua 4+(X§+X§)(x§+(ﬁ2)2- 1)2_)(2_ ,
{5: f(0) + gl(xT)E, © o BB +%-1) i
€ =- [LaVi(¥)] -§&. 2+(x§+x§)((l21)2+xg-l)2'xz-.
L yapunov Wi(xE) =Vi(x) + =&
2 S nQi =l nX,i={A,B}. 1

Wi(xf.) = LfiVi(X) -EE < 0. , r



1076

22

x(0) = (-2.2,2.4), 1 ,
Ua Us
6
H0)=(-22274
2 —
o \\ (
) 2!
\ N/
p \
N
-5 -3 -1 1 3
1
E. __J_ 2 X212 l|:Xl |:El
AEE 3000 -
s =§&;
_ﬁ X1y 2 2 |:X1 |:El
N (VR I R
Us :E.
x(0) = (- 2.2,2.4) £(0) = (3,4,
2, 3 ,
, & (1)
—>O,t — 00,
4 02224
. —
0 K 7
o )
u \N\/
_8 e
-5 -3 -1 1 3
2
5 ,
£(0)=(3.4)
3 T
. Ve
o
LN
-3 -1 1 3
¢
3¢
L yapunov

Jurdjevic-Quinn

( References)
[1] Jurdjevic V , QuinnJ P. Controllability and stability[J].
J of Differentia Equations, 1978, 28(3) : 381-389.

[2] Byrnes C I, Isdori A, WillemsJ C. Passvity , feedback
equivalence, and the global stabilization of minimum
phase nonlinear systems[J]. |IEEE Trans on Automatic
Control , 1991, 36 (11) : 1228-1240.

Hill D, Moylan P. The stability of the nonlinear
disspative systems [J]. IEEE Trans on Automatic
Control , 1976, 21(5) : 708-711.

Lin W. dobal asymptotic stabilization of genera

(3

—_—

[4

—_—

nonlinear systems with stable free dynamics via passvity
and bounded feedback[J]. Automatica, 1996, 32 (6) :
915-924.

[5] Shirieev A S. The notion of V-detectability and

—_

stabilization of invariant sets of nonlinear systems[J].
System and Control L etters, 2000, 39(5) : 327-338.
Peleties P, DeCarlo R A. Asymptotic stability of mr
switched systems using L yapunowlike functions[ C].
Proc of American Control Conf. Arizona, 1991: 1679
1684.

Branicky M. Multiple Lyapunov functions and other

[6

—_

[7

[

analyss tool sfor switched and hybrid systems[J]. |EEE
Trans on Automatic Control , 1998 , 43 (4) : 475-482.
[8] Ye H, Michel A N, HouL. Stability theory for hybrid
dynamical systems [J]. IEEE Trans on Automatic
Control , 1998, 43 (4) :475482.
Liberzon D, Morse A S. Basic problemsin stability and
design of switched systems[J]. |IEEE Control Systems
Magazine, 1999, 19(5) : 59-70.
[10] Hespanha J P. Uniform stability of switched linear

[9

—_—

systems: Extendons of LaSall€ s invariance principle
[J]. IEEE Trans on Automatic Control , 2004, 49
(4) : 470-482.

[11] HespanhaJ P, Liberzon D, Angeli D, et a. Nonlinear
normrobservability notions and stability of switched
systems[J]. |EEE Transon Automatic Control , 2005,
50 (2) : 154-168.

[12] Arrowsmith D K, Place C M. Dynamica systems—
Differential equations, maps and chaotic behavior[ M].
London: Chapman & Hall , 1992.

[13] Hiskens | A. Stability of hybrid system limit cycles:
Application to the compass gait biped robot[ C]. Proc
of the 40th IEEE Conf on Decison and Control.
Orlando , 2001: 774-779.

[14] Spong M W. The passivity paradigm in robot control
[C]. Proc of the 23rd Chinese Control Conf. Wuxi,
2004 : 15 23.

( 1080 )



1080

22

, 2003.

(Li Dengfeng. Fuzzy multi-objective many-person

decison makings and games [ M ]. Beijing: Nationa
Defense Industry Press, 2003.)

(6] : [J]. :

1997, 15(3) : 13-19.

(Li Min. A tria discusson on the symmetrical solving

method of alotter problem[J]. J of Qingha Universty,

1997, 15(3) : 13-19.)

[7] Kang C Y, Zhang X H, Zhang A H, et al. Underwater
acoustic targets classfication using welch spectrum
estimation and neural networks[ C]. Advancesin Neura
Networks ISNN2004. Dalian: Springer, 2004: 930
935.

Zhang X H, Kang C Y, Xia ZJ. Recognition of radiated
noises of ships usng auditory features and support

(8

—_—

vector machines[ C]. Advances in Neura Networks
ISNN2005. Chongaging: Springer , 2005: 387-392.

( 1072 )

[4] Wu M, He Y, SheJ H. Delay-dependent criteria for
robust stability of timevarying delay systems[J].
Automatica, 2004, 40:1435 1439.

[5] Xu S, James L. Improved deay-dependent stability
criteria for time-delay systems[J]. IEEE Trans on
Automatic Control , 2005, 50(3) : 384-387.

[6] Xu S,JamesL , Zou Y. New results on delay-dependent
robust Hwcontrol for systems with time-varying delays
[J]. Automatica, 2006, 42(2) : 343-348.

[7] Dai L Y. Sngular Control Systems[M]. Berlin: Sring-
Verlag,1989.

[8] Xu S Y, Pau V D , Sdan R, et a. Robust
stabilization for sngular systems with state delay and

[9] Masubuchi , Kamitane Y, Ohara A, et a. Ho control
for descriptor systems: A matrix inequalities approach
[J]. Automatica,1997, 33(4) : 669-673.

[10] Fridman E. Stability of linear descriptor systems with
delay: A Lyapunovbased approach [J]. J of
Mathematics Analyss and Application, 2002, 273(1) :
24-44.

[11] zhong R X, Yang Z. Robust stability analysis of
sngular linear system with delay and parameter
uncertainty [ J]. J of Control
Appplications, 2005, 22(2) : 195-199.

[12] XieLi. Output feedback H« control of systems with
parameter uncertainty[J]. Int J Control ,1996 , 63(4) :

Theory and

parameter uncertainty [J]. |EEE Trans on Automatic 741-750.
Control , 2002, 47(7) : 1122-1128.
( 1076 )
[15] Nersesov S G, Chellaboina V, Haddad W M. A [17] ,

generalization of Poincare’ s theorem to hybrid and
impulsve dynamical systems [ C]. Proc of American
Control Conf. Anchorage, 2002 : 1240-1245.

[16] Lygeros J, Johansson K H, Smic S N, et al.
Dynamica properties of hybrid automata [J]. |IEEE
Trans on Automatic Control , 2003, 48 (1) : 2-16.

[J]. , 2005 ,20(2) : 127-131.
(Lin Xiang-ze, Tian Yuping. Invariance principle and
state feedback stabilization of invariant setsof switched
systems[J]. Control and Decison, 2005,20 (2) : 127
131.)




