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Abgtract : A control desgn method for T-Sfuzzy control systems is proposed to achieve H. tracking performance.
First, a new He tracking performance is proposed, which consders the case that the control coefficients are not zero
in the controlled output variables, and is more general than some existing performances. A set of sufficient conditions
for the existence of the H« tracking controller for T-S fuzzy systems are proposed by usng LM Fbased method.
Finally , a numerical example shows the eff ectiveness of the proposed approach.

Key words: T-Sfuzzy system; Hwtracking control; Tracking performance; Linear matrix inequalities

1
T-S Takagi  Sugeno 1985
[ [5] T-S
: Ho , He
, T-S : :
(28] z2() Di#0 :
Hoo [5-7]. ] Hm
[6,7] He LMI . Matlab LMI
(LMI) \ ,
Ho .[5] [6,7] : M,N R™", MTN +
, N'M<pM'M+p "NTN@ >0)
He , 2 TS
Hoo . [8] Hoo T-S , |
LMI , [6,7] . Ho R:if{1(t) is Miandl2 (1) is Mz
: 2007-03-16; : 2007-08-20.
(60274099) ; (20020145007) .

(1977 93, , , , : (1956 4 ,



330

23

and and{, (1) is Mp;
then{x(t) = Ax() 4 BU vw(),

z(1t) Cx(t) + Diu(t).

x(1) = [x () x (1) x()]7 R,
() = [€a() C2(0 (] R
SMi(i = 1,2,
rk=1,2, ,p T
cu(t) R™, w(t) R",z(t) R’
DA R™"  B;
R"™,c R™™,Di R™

x(1) = 'Zhi@ (0) (Aix (1) + Biu(t) + w(D),

z(t) = _Zhi@(t))(cx(t) + Diu(t)).
(2

h€ () =o€ (9)/ _ij@ (),

w € (1)) = kDML(Zk(t)) ,
M@ « (1)) k(1) Mk

0<h(1) <1, iZhi(((t)) = 1. (3
X x(), h
hi€ (1) .
3 Ho
Xr (1)
xe (1) = Arxe (1) + r(t). (4)

(A L1 (1)
[8] .

u(t) = thj[Fj(X(t) - x (1) ]. (5)
(2,4 O,

MEDSLMEINE

Z_: Z - }rZhiCin =

-

r r

izjzhihj(e + DiFj)) (x- %) = (6)

rZ .rzhihj X
i

([G +DiFj - G - DiFj][ X})
X

o Ai + BiF; - BiF;
Aj = .

0 A
Ho
), (6)
) w=0 ,
2) y >0,

y/a W °
W= A oxll e = x xdt L2
I. 0

He
1 (6) :
M,Ni,L,Q >0,Q >0, Ni  Nji (Nj
Ni,i<j), ij, k=12, .,r,
Ei < Ni, Bj + Ei < Nj+ Nji,i<j; (7)
[ Nuu N N1 X4
Nai Nz Nar X2k
...l <0,
Na Ne Ne Xk
L X Xax Xk 1
k=12, ,r (8)
Heo Yy >0
E; =

[ (AiQ:1 + BiYj) +

- BiY
(AiQ: + BiY)T +\-/];| :

Q(Q@G A + ATQ2" +

(- BY)T
_ Qe _
Xii = [CGQ1 + DiY; - CQ1 - DiYj],
Yi = FiQ:.

L yapunov V() =xQ'X,



He 331

ZZh.h(A.,i) +w 'gix =
x Q! ZZh.h(A.,x + X Q'w+

ZZ“‘“‘(A”’O Q'x+wQ'xs

3 3

Qi'(Ai + BiFj) +
(Ai + BiF) "t
(- G'BiF)T | QA+ A/Q2?
i_r[QilQil 0 }_
vl oo el

- QilBiFj _

X +

+YIWTW =

)TT{ irZhiZGii + irz iihihj(Gj + Gi)})T+

yiw w.
Gi < (jil Nii(jil,
Gi+G < Q'(Nj + Nj )&, i < j. (10)
(9) (10 Q,
(7) . (9 (10,
V() <

Z hiz)?’r@l Nii(jilx_+

r

N1z Nz Nz

N N N
X_T(jil T 21 22 ‘ 2r »

er Nr2 Nr

HQi' X +Y°*w'w

=[h!l hl hl],
2'z =
{irzjrzhihjx
([C+DiFf - G- DiFj];()}Tx
{irzjrzhih,-x
(G +DF - G- Di,:,])—()} -

X Qit Z Zh.h,X., 2 Zh.h Xy Qi X =

X Q" H'JTIHQI X,

Z .Zhihj)TT(jil(Nij + Nji)(jil)7+y2VTVT:

J = [ki hi X 1k ki hi X2k er thrk].

N1z N2 Nazr
N21 N2z N2: T
<-3J7J, (11)
N Nr N+
Schur , kz hh = 1. (11)
(8) .
V() <- Z'z+Y*w w. (12)
x(0) = 0,v(x(0)) =0,
(12) t O 00 ,
lzl. <ylwlz.. w=0 |, (12 V()
<-272'2<0, (6) . O
5
Air-condition
R':if {1 (1) is Mi then
x() = Arx(t) + Bau(t) + w(t),
z(t) = G x(t) + Dru(t);
R :if{1 (1) is Mithen
x() = Azx(t) + B2u(t) + w(t),
z(t) = Gx(t) + D2u(t).
o 0 1 J |
L-0.0493 - 1.049
A o 0 1 J |
L-0.0132 - 0.432
B:L:_ O;',Bzz[ 06—|,
L 0.492 0.131
G =G-=1[1 0],
D: = 0.006, D> = 0.008.
h€()) =1- 1+exp(- 2xi)’
he@(t)) =1- h@(1), w(t =[ 0 1 :
2cos

|:-4 -ﬂ |: O ;|
A = , = . .
3 - 0.59n5

y =12 |, Matlab LMI o]

[ 0.6775 - 1.3440}
-1.3440 3.1738
_[2.0448 0.381j
~10.3815 1.555



332

23

F. = [- 86.8669 - 38.687 7],
F. = [-217.3743 - 96.8970].
x(0) =[-2 0]" x(0) =1

X2 , X2 1

- 1]T
2

, Xr1 , X1

#

-

t/s

=
1
p—
—— T
_——

—-_—-x,

H o y
z(1) Di #0 ,
He LMI

( References)

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

[2] Tanaka K, Sugeno M. Stahility analysis and design of
fuzzy control systems[J]. Fuzzy Sets and Systems,
1992, 45(2) : 135-156.

[3] Tanaka K, lkeda T, Wang H O. Fuzzy regulators and
fuzzy observers: Relaxed stability conditions and LM
based designs[J]. IEEE Trans on Fuzzy Systems,
1998, 6(2) : 250-265.

[4] Kim E, Lee H. New approaches to relaxed quadratic
stability condition of fuzzy control systems[J]. |IEEE
Trans on Fuzzy Systems, 2002, 8(5) : 523-533.

[5] Liu X D, Zhang Q L. New approach H. controller
designs based on fuzzy observer for T-S fuzzy systems
viaLMI[J]. Atuomatica, 2003, 39(5) : 1571-1582.

[6] ChenB S, Tseng C S, Uang HJ. Mixed Hz/ He fuzzy
output feedback control design for nonlinear dynamic
systems: An LMI approach[J]. IEEE Trans on Fuzzy
Systems, 2000, 8(3) : 249-265.

[7] ChenB S, Tseng C S, Uang H J. Robustness desgn of
nonlinear dynamic systems via fuzzy linear control [J].
IEEE Transon Fuzzy Systems, 1999, 7(5) : 571-585.

[8] Tseng C S, Chen B S, Uang H J. Fuzzy tracking
control desing for nonlinear dynamic systems via T-S
fuzzy model[J]. |IEEE Trans on Fuzzy Systems, 2001,
9(3) : 381-392.

[9] Gahinet P, Nemirovski A ,Laub A J,eta. LMI control
toolbox[ M]. Natick: The Math Works Inc, 1995.

( 328 )

[4] Zheng Ying, Fang Huajing, Wang Hua, et a. Fault
detection approach for networked control system based
on a memoryless reduced-order observer [J]. Acta
Automatica Snica, 2003, 29(4) : 559-566.

[5] . [D].

, 2004.
(Fan Wei-hua. The modeling and control of networked
control systems[D]. Nanjing: Nanjing Universty of
Science and Technology , 2004.)

[6] Li X, De Souza C E. Delay-dependent robust stability
and stabilization of uncertain Inear delay systems: A
LMI approach[J]. IEEE Trans on Automatic Control ,
1997, 42: 1141-1144.

[7] Rabello A, Bhaya A.
dynamical systems with rate constraints and application
[J]. IEE Proc on Control Theory Application, 2003,
150(5) : 546-550.

Stability of asynchronous



