. 24 8 (2003

Applied Mathematics and Mechanics

8 )

:1000_0887(2003) 08_0805_07

Lur e
(M)
Lu’ e
TP273
[1]

M. Popov Popov
2 2
[3- 5],

, Lur’ e
IMI
* 1 2001.0319;
(G1998020302)
(1973—),

. , 100871)

=
8
E

1944 Lur e Posmikov

( Lure

, 1961
2 Lu’ e
* Popov
Lur’ e
Popov , Popov
Nyquist ,
Lur’ e ,  Popov
Lur’ e .
Lu’ e
Lur’ e .
(6],
2003_04 29
(10272001) ;

s ( E_mail: yy@ mech. pku. edu. cn)®
805



806

(1

@
k1 <_Lt(;—ol <k2‘

G(j©)

[7~

J(F) =1+ (ki+ k2)ReG(jw) +
kika | G(j@) 17> 0
Vo€ (~ oo + oo)e

U= ReG(jw) V= ImG(jo),

kik2f (U= v0)°+ V= ri] > O

9]+

(1

H
P
G(s)
?
1 Lur e

2 A
J(F) = klkz{[ Ut S(ki'+ 1{12)] b Ve (i kT2)2}=

(2)

(2) UV LJ(9)=0 (U= vo)*+ V= rg J(&)
> 0 kv ka  hiky> 0, J(9)> 0 . kika<
0,J(v)>0 .

kik2< 0 , (1)

-1 -1
) = | =260 2t 2 GG+ Ple L (3)
G(s) (ka'= kih)/2, (- (ki'+ k2')/2,0)
. G(s) (k"= K1')/72,
1rG(j@) + Pllow< 1¢ (4)
kika< O, H « ,
H « ° k1k2> 0 k1k2= 0 ,
kika< 06 kika< 0 .
2
2.1
2 Lur’ e . G(s)

oo [+



807

IMI
K(s)
- [
(S)_ Ck
K(s)  K(s) {G(S) v SR
R
(R,S) ER”"x R :RE %, 8 € % [1 s]> %’
R E Rnxn R RT> 0’
J‘O()AR+RA RC" - B|[B™ 0 0
CR _1 p 0 1 0l< O )
- B" P -1Jto o0
{S ER": 5= 8> 0
*00 sa+ A"S - sB C|[C"F 0 0
-rB'S -1 Pl 0 1 0<O-
c P - 0 0
, 10
[ ] G{(s)
IMI . B
. | IMI (R’ S), K(s)
2. (R,S), (SVD)
M’NERnxn, #
MN' = I- RS-
3‘ X(t].' 2 Lur’e
R I I S
X v = 0 N" :
ch [11] )
2.2
Lur’ e ’ " 1
G(s)z{G(s)(1+ A, AE Rlw, IATle < - “ N
Yy 3 :
E(s)
_A G(S)(1+ A)
Ge(s) = T K(s)G(s)(1+ &) i
lalle <Y
(Gi1s 8. K) . 3 Lur e

, A

a+ Bi, o+ BP<¥?




808

C.

G.(s) =
rGe(s)+ P

B.

G(s)(1+ a+ Bi)
1+ K(s)G(s)(1+ a+ Bi)

Va B o+ B < v

|:A('l

Ccl DG

A(tl = |:
|:A

]

A+ BDi(1+ a+ Bi)C BC;

Bi(1+ a+ Bi)C

B:.C Ak

B |:— rB]
c = 0

[BDk((H Bi)C
A+
Bi(a+ Bi)C

A

= Bu,

.

+ BDkC BCk} |:BDk(G+ Bi)C
Bi(a+ Bi)C

1.

Ca= [(1+ a+ B)yc d=[c d+ [(a+ ByC a =
Co+ L(a+ BijCc

E]ZA

(Da= P
Bpu} rG(s)+ P Ge(s) = ﬁ% y
2 3 Xa= Xu> 0 K> 0
[ XaAu+ AuXa XaBu KXaB C. YCu/ Y
B.Xa -1 0 P 0
KB' X 0 -1 K 0 <0
C. P K -1 0
| YCJ/ K 0 0 -1
b 2]
B
1rGe(s) + Pllew< 1, Va B a’+ B <v>
y Gos) (5 .
) Xa> 0
XaAd+ AXa XaBa Ch
D Xa, ) = B'X. -1 D<o
Ca D, -
XdAu+ AvXd XaB. C X.B
X, = B'X. -1 pel.x=] 0o, vy=[c 0 0,
C. P -1 I

(3)



I 809

D Xa, Za) = Xo+ X(a+ B Y+ Y(a- B)X'< 0

K> 0
2 T Yz T
Xo+ KXX'+ 3Y ¥Y< O (10)
_ X yr
Z-= [KX KY], (11)
(10)
X.+ 22" < 0, (12)
Schur , (12)
(X, Za) {X“ Z] o (13)
cl, cl) = <
1 1 ZT y
(9 (11) (13 (X, Za) . (7)+ O
(7) (ch K) ’ [12]
° p = {Pf)Pg,Ph,; W: nga Wl:L}, I},Pg E Rnxn,Ph E
R(n(f n)x(n: n)’ W E Ranc’ ‘/Vg E R"’::Xl’ w/h E R, L E Rnanc’
P
>0 P,> 0O
1 P,
L |:L11 L1j we [w wi. w [Wﬁrl}
= ) r = 1 2 B = N
Ly Ly ! W2
Liu € R™", Wi € R™", W1 € R
P L 0 AP+ BW, A+ BW,.C BW;
My(p)=|1. P, 0| M(p)= Ly PA+ W,C Lp|,
0 0 P L2 WeaC L»
B:+ BW.N;
Mc(p)=LCiB € O, My(p)=|PBi+ WaNi|, Mo(p) = D,
W2 N1
T T
- Mi(p)- Mi(p) Ms(p) Mc(p)
* A
® (p)= My(p) O Mi(p) 1 - Mp(p)|-
Mc(p) - Mp(p) 1
C P K
Bi=[-mB d, C = [ J D = [ J Ni=[0 -
YC/ 0
[ 12] , .
3 n.> n, p K> 0
 (p)> 0,

Tte K(s) 3 K(s)



810

Lo o[w| W wil1|ces' o
Dy | C 1 )
2 a4l = B |- P 0 Wo | Lu- PAP; Lip| | 0| Sf 0,
k
0 0 Inylf n %2 L21 L 0 0 P7L :
§=P- Pl(> 0
1
Gis)= 2214 n)  llalle <0625
s+ 1.5 ) ’
® € /- 1.525] K= 1. 525 p

(1]

(2]

(3]

(4]

(5]
(6]

[10]

[11]

Pr= 341638 P,= 09249, W,= 0.0191, W=- 2359109,
W,=-0.6249, L=- 57.359
3

?

0.019 ®I(s = 2 773)
s+ 78.38

K(s)=

Lur’ e . H

[ ]

Lu’ e AL Postnikov V N. On the theory of stability of control systems[ J]. Prikl Mat Meh, 1944, 8
(3).

Popov V. Absolute stability of non linear systems of automatic control[ J] . Automation and Remote
Control, 1961, 22: 857—875.

Narendra K S, Taylor J H. Frequency Domain Criteria for Absolute Stability [M]. New York Aca
demic Press, 1973.

Vidyasagar M. Nonlinear System Analysis [M] . Englewood Cliffs, NJ: Prentice Hall, 1993.

Khalil H K. Nonlinear System [M]. New York MacMillan Pubishing, 1992.

Boyd S, Chaoui L E, Feron E, et al. Linear Matrix Inequalities in System and Control Theory [M] .
Philadel phia, Pennsylvania: SIAM, 1994.

Savkin AV, Petersen I R. A connection between H ® control and the absolute stabilizability of unces
tain systems[J].System and Control Letters, 1994, 23(3): 197—203.

Konishi K, Kokame H. Robust stability of Lur e systems with time varying uncertainties: a linear ma-
trix inequality approach[J]. Int J Systmes Science, 1999, 30( 1): 3—09.

Kahutani Y, Hagiwara T, Araki M. LMI representation of the shifted of Popov ariterion[ J] . Automati-
ca, 2000, 36(5): 765 —770.

Gahinet P, Arkadi Nemirovski, Laub J A, et al. LMI Control Toolbox User’ s Guide [ M]. Natick,
Mass: The Math Works, Inc, 1995.

Iwasaki, Skelton R E. All controllers for the general H « control problemr LMI existence conditions
and state space formulas| J]. Automatica, 1994, 30(8): 1307 —1317.



IMI 811

[12] Izumi Masubuchi, Atsumi Ohara, Nobuhide Suda. LMI_based controller synthesis: a unified formulation

and solution[ J]. Int J Robust Nonlinear Control, 1998, 8(8): 669—686.

Absolute Stabilization Related to Circle Criterion:
an LMI_Based Approach

YANG Ying, HUANG Lin
( Center for Systems and Control, Department of Mechanics and Engineering Scien ce,
Peking University, Beijing 100871, P.R. China)

Abstract: A method is proposed for synthesizing output feedback controllers for nonlinear Lur e sys-
tems. The problem of designing an output dynamic controller for uncertain free systems and systems
subje ct to multiplicative norm bounded perturbations in the linear part were proposedrespectively. The
procedure is based on the use of the absolute stability, through the circle criterion, and a linear matrix
inequalities(LMI) formulation. The controller existence conditions are given in terms of existence of

suitable solutions to a set of parameter_dependent LMIs.

Key words: nonlinear Lur' e systems; drcle aiterion; absolute stabilization; H « control; LMI



