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Abstract : The local stability of T-Sfuzzy systemsis discussed. The concept of local stability for continues T- S fuzzy

systemsis given. By using non-quadratic Lyapunov function and linear matrix inequality approach, a sufficient
condition for the local stability of T-Sfuzzy systemsis derived and a L M1 based on fuzzy controller design method is
given. The proposed method is different from the global stability controller desgn method, which provides a new
choice for the stability of continues T-Sfuzzy systems. Finally, a numerical exampleillustrates the desgn method and

shows the feasbility of the method.

Key words: T-Sfuzzy system; Loca stability; LMI; Non-quadratic L yapunov function

1
T-S
: T-S
el , T-S
: T-S
31
e : T-S
, T-S
: 2006-04-08; : 2006-08-25.
(60574011) ;

(19799, '

; : [10]
L yapunov

2 TS
T-S

x() = ShOO (A +Bu)), (D)

ITZhi(X) =10<sh(x) <1,i=1,2, ,r.
(1)
x(t) = .Zhi(X)AiX(t). (2)

(20052022) .
; (19569,



6 :T-S 623
11 T-S
_— Z Zy 0 (h (0 2L x (0} Qy ()
1 2 h () 2O a o) o I y(n I <
V(X) :Rn —>R, || iZjZ( aX ) ||
DV(x R S G TAT] S hy@ 121l <
2) V(X) <0 xz20,x R I_ m :
2 2) x =0 ’ na M(Ai))\M(jZQj) y(o 2 x(o I . O
x=0 U V(x) :U >R, [10] L yapunov
1) V(x) U .
2) V(x) <0 x#0,x U L yapunov
Tanaka @ Ts V(xr) = x' (1) P(x) " x(1), (3)
) (-8 P(x) = Z hi(x) P,P = P > 0.
[4] [10] L yapunov
1 Mi(i =1,2, ,n, Lyapunov
Z,Yii, 1 Z JYi (i = 1,2, 1) 2
i =Yi(i<j=12, ,n -
LMIs: 1 P =P >0,i=1,2,
ZAT + MBI + AiZ + BiMi < Yi, LY =Yi(i<j=1,2, .0 a >0,
ZAT + M{B! + AiZ + BIM; + ZA[ + LMIs:

MIB/ + AjZ+B/Mi <Y +Yj,

(1)

[Yi]xe < 0,
PDC u(t) = Z hi (x) Fix(t)
, F=M2zZ"
3 TS
2 (2) x(1)
Q(x) = »ZIi(X)Qi, i (x) X
R™" miax(xsug _lé(i((at)_)_”)
y' () Q(X) y(D) <
nA v (A) _Z?\m(Q,-) IFy(o 20 x(o I .
o ,
ol
N = mgx(;sug)n —'5(%5&)'")
)\M(Qi) Q )\_M(Ai) =
miaXO\M(Ai)).
VMY = 5y 0 (A5 0) ey (0 -

PA! + AP < Yi ,
PAT + AP + PA] + AjP S Yy + Vi,

[Yi]mxr <-0QlI,
(2) x =0
U= (x| Ix@®l < g :
n(»h))\_M(Ai))\M Zpk)
o(- h(x(9))
N = max(sp | SZ ),

P >0 h(x) =0 P(x) >0,
P(x)''>0. P(x'=M(x,
P(x) M(x) = I. (4)
(4)
P(X)M(X) + P(X)M(x) =0,

M(x) =- P(X) " P(x) P(x) "
(3) L yapunov
V(x) =
X" () P(x) T x(0) + xT () P(x) Tx() +
X" () M(x) x(t) =

Zh?(x) x" (1) P(x) Y (PAT + AP) P(x) ' +

r

Z _Zhi(x) h(x) x" (1) P(x) " (PAT +



624

22

AP+ PA] + AjPi) P(x) " x(1) +
x () P(x) " (- P(x) P(x) "x() <
h (%) P(x) " x(1)] T{ Yu Y1i|

L he(x) P(X) " *x(d L Ya \'7
(%) P(x) " x(1)]

L he (%) P(l;(.)'lx(t)—
r](.h))\_M(Ai))\M(irZ Py x
Ix() I P(x) tx(t) 12 <
n(.m)\_M(Ai)}\M(er PJ x
x(t) Il P(x) P x(t) 12 -

O‘—rn P(x) "t x(1) Il 2.

x() U V(X <00

4 TS

O RICLIBLICLIECNNG
P=pPi=1,2, ,) , (5 PDC

r

x(1) = Z hi () b (x) (A +

BiFy) | 3, (¥ Pk)'lx(t). (6)

L yapunov
LMI ,
(6) :
2 P=P >0,F(i=1,
2, ,0,Hi = H(i<j=1,2, ,r,k=1,2,
) a>o, LMIs:
PA! + AiPi + BiFk + F(B/ < Hix, (7)
P/AT + AiP; + BiFx + F(Bi + PA] +
AjPi + BjFx + FcBJ < Hix + Hix, (8)
Hak Hin
[ J <-0l,k=1,2, ,r. (9
H 1k Her
(5) (6) X
=0

U= (xI I xl < An(P)

n h))\_M (GiA M( Z Pk)

Gk = AiP; + Bi FkA.m = miin?\ m( P )\m(Pi)

Pi .
(3) L yapunov
() 2

V(x) =

Z_ ho(X) B (x) X" (D) P(x) " (PAT +

FiB! + AP + B Fi) P(x) *x(1) +

r r

he (%) hi (x) h (x) X" (D) P(x) P (PAT +
kZiZiZk() (x) i (x) x" (1) P(x) " (P
AiP; + BiFk + RkBi + PA] + AjPi +
B F« + FiB]) P(x) *x(1) +

x" () P(x) (- P(x) P(x) *x(1) <
kZ Z th(x) hi(X) hj(X) XT(t) P(X)-l Hijk X
P(x) "x(t) +Nenlu(Ai + BiFkP(x) ™) X

)\M(kZ Pk) Ix() I I P(x) *x() 1% <

h(x) P(x) " x(9)] T
X

th(x)[
‘ h (x) P(%) " x(1)

Ha1k Hi] [ b (x) P(x) " x(t)
Hok Hed L he (x) P(X) " x (1)

_r]'(__m_)\_m (ij))\M( Z Pk) X

An(P)
I x() I I P(x) tx(t) II? <

a -1 2 Nen 5— ‘
- I'P(x) " x(0) Il +A-m(Pj)AM(G]k) x
)\m( Z Pk) I x() I I P(x) " x(t) Il 2.

x() U V(X <0.0
5
2 TS
n(o = 2300l by =1 hw,

well gl ]
SIS

A1 ,A2,B1,B2 1 LMI
Matlab



625

[ 14.0707 - 28.769j
- 28.769 6 130.573
[ 7.1190 21.212 5}
21.2125 108.634 2
o = 64.4410,

L= R =[-123.3526 39.6132].
1

1.5
1.0 |}

0.5y X

RS W

-0.5

[10]
L yapunov

LMI

( References)

[1] Takagi T, Sugeno M. Fuzzy identification of systems
and its applications to modeling and control [J]. IEEE
Trans on System Man, and Cybernetics, 1985, 15(1) :
116-132.

[2] Tanaka K, Sugeno M. Stability analysis and design of

fuzzy control systems[J].
1992, 45(2) : 135156.

[3] Hao Y. An anaytical study on structure, stability and
design of general nonlinear Takagi- Sugeno fuzzy control
systems[J]. Automatica, 1998, 34(12) : 1617-1623.

[4] Liu X D, Zhang Q L. Approaches to quadratic stability
conditions and H« control desgnsfor T- Sfuzzy systems
[J]. |EEE Trans on Fuzzy Systems, 2003, 11(3) : 1-
10.

[5] Liu X D, Zhang Q L. New approachesto H. controller

Fuzzy Sets and Systems,

designs based on fuzzy observers for T-Sfuzzy systems
viaLMI[J]. Automatica, 2003, 39(9) : 1571-1582.

[6] Tanaka K, Hori T, Wang H O. A fuzzy Lyapunov
approach to fuzzy control system design[ C]. Proc of
American Control Conf. Arlington, 2001: 4790-4795.

[7] Tanaka K, Hori K, Wang H O. A multiple L yapunov
function approach to stabilization of fuzzy control
systems[J]. |IEEE Trans on Fuzzy Systems, 2003, 11
(4) : 582-589.

[8] Chadli M, Maquin D, Ragot J. Relaxed stability
conditions for Takagi- Sugeno fuzzy systems[C]. |EEE
Conf on Systems, Man and Cybernetics. Nashville,
2000: 3514-3519.

[9] , , .

[J3]. , 1995, 12(4) : 401-409.
(Chen PN, Han Z Z, Zhang ZJ. Development on the
stability of nonlinear control systems [J]. Control
Theory and Applications, 1995, 12(4) : 401-409.)

[10] Thierry M G, L M Fbased

nonquadratic stabilization conditions for

Laurent V. relaxed
nonlinear
systemsin the Takagi- Sugeno’ sform [J]. Automatica
2004, 40(5) : 823-829.
[11] . [M].
, 1996.
(Duan G R. Theory on linear systems[M]. Harbin:

Publication of Harbin Institute of Technology , 1996.)

( 621 )

[10] , , .
[J]. , 1998, 24(3) : 345349. (Lu
LL,GolL Q, Zhang S Y. Robust control for linear
time-delay systems with structured uncertainty [J].
Acta Automatica Snica, 1998, 24(3) : 345349.)
[11] Goodwin G C, Sdlgado M E. A stochastic embedding
approach for quantifying uncertainty in the estimation of

restricted complexity models [J]. Int J Adaptive

Control Sgnal Processing, 1989, 3(4) : 333-356.

[12] Goodwin G C, Bradavsky J H, Ser6n M M. Nomr
stationary stochastic embedding for trander function
estimation [J]. Automatica, 2002, 38(1) : 47-62.

[13] Goodwin G C, Graebe S F, Salgado M E. Control
system design [ M]. Upper Saddle River: Prentice
Hall , 2002.



