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Abstract
This paper deals with the problem of robust control for a class of uncertain multiple Takagi-Sugeno fuzzy

neutral systems with time-varying delays.A fuzzy filter is constructed,which ensures the robust stability.Linear
matrix inequality approach is applied.
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Problem Formulation
Consider the following class of T-S fuzzy neutral systems with time-varying delays:

Plantrule i :IF s (t) is 44, .,and S, (t) is 4, ,and ...and S (t) is g, , THEN
X(0) =[A +AA OO +[A, + AA; OIX(E - d, (1) + [Ay + AA, (DIX(E - d (1))
+ [Bi + ABi (t)]u(t) + [Bhi + ABhi (t)]u(t - d3(t))
2(t) =[C; + AC, (O1x() + [Cy, + AC,; (DIx(t —d, (1)) +[D; + AD; ()]u(t) @
+[Dy; + AD; (O)]u(t — d, ()
t e[-max(d,,d,,d,,d,),0] ©))
where 4z is the fuzzy set and I is the number of IF-THEN rules; X(t) € R"is state vector, u(t) € R®is input

1)

X(t) = ¢(t)

control , d, (t) are time-varying delays,which are assumed to satisfy 0<d, (t)<h, d (t)<u. h and u are

constants,  d. =supd, (t). A, A, Ay, B ,By(t)are  known constant matrices with  appropriate
t

dimensions. AA (t), AA; (t), AA, (1), AB, (t) , AB,, (t)

are unknown matrices representing time-varying parameter uncertainties. They are assumed to satisfy the following
form:

[AA (L) AA, () AAL() AB () AB,()1=F IL,()[E, E,, E. E; Eq ]
[ACi(t) AChi(t) AD, ® ADhi(t)]:Fz H:z(t)[Eci Echii EDi EDhi]

And TT," (OTT,(t) < 1, TL,7 (OIT, (@) < 1.
By fuzzy blending,the dynamic fuzzy model in (1)-(4) can be represented by

X(t) = Z 0y (SCOXIA +AA (OIX(E) + [Ay + AA, (O1X(E —d, (1)) +[Agi + AA; (O]X(t - d, (1)
+[B, :;Bi OIu(t) +[By; + AB,, ()u(t —d, (1)}

Z(t) = Z h, (SKIC; + AC, (t)]x(t) +[C,, + AC,, ()IX(t — d, (t)) +[D; + AD; (t)]u(t)

+[Dy, :lADhi (OJu(t —d, )}
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where b (st)) =2 O o @) =T Tay 5, O) 50 =[5,0) 0 - s,0]

> (s(t)

inwhich g (s; (t)) is the grade of membership of s (t) in z; .Then we can deduce that
@, (s(t)) =0, ij (s(t))>0,
j=1

for all t. Therefore,for all t, h, (s(t)) =0, Zr: h, (s(t)) =1.
i=1

Main Result
Theorem For given scalars h>0and . if there exist P=P' >0, R, =R' >0, i=123,

Xll X12 X13 X14

S=87>0, 2=2">0, x_| = X2 Xu Xu| 4 N, andM, (i=123)
* * X33 X34
* * * X44

are matrices with appropriate dimensions, make the following LM established,

= = _ _ X Xy Xy Xy, N; + M,
11 =1 Sz g
* = = - Xy Xy Xy N,
— S22 S Su| g S
==« * = = | Y= Xas Xgs M, >0
Sz Sy
. « * = Xy N;+M,+Z
=y
0

En=PAO)+A 1) P+R +R, . Ny + N+ M, +M," +hX,, + A (t); (S+hZ)A;(t)
12 = P[Ay + AA; (O] - N, + NzT +A " (S+ hZ)[Ay; + AA; (1]

13= P[Bhij + ABy; (t)]Kj -M; + MzT +hXy, + Kij )" (S + hZ)[Bhij + ABy; (t)]Kj

16 = PLAG + MG O+ N;T + M3 +hX,, + Aj©)7 (S +hZ)[Ay; +AA; (D]

22 =—0=)R —N, - NzT +hX,, + [Ahij +AA; (OINCE: hZ)[A‘nij + AAy; ]

23 = [Ahij +AA; 1" (S + hZ)[Bhij +hX 5 + ABy; (t)]Kj

20 =N3" +hX g +[Ay; + MG O (S +hZ)[Ay; + A (V)]

33 :_(1_ ,U)Ra -M 2 M 2T + hX33 + [Bhij + ABhij (t)]T (S + hZ)[Bhij + ABhij (t)]

s =—Mjz +hXg, + KjT [Bhij +ABy; 1" (s + hZ)[Adij +AAy; ®]

s =—(0=)S +hX,, + [Adij + AAdijj (t)]T (S+ hZ)[Adijj + AAnij ®]

then the state feedback control law is exist:
Control Rule i:IF s, (t) is g, and s, (t) is z;,...and s (t) is g, ,THEN

u(t) = K;x(t)
in which K, =YiX'1, i=12,..,r are the control gain matrices, therefore the fuzzy state feedback

[ [ [ [ [
[11 [1]

[1]

.
controller can be given by the following: u(t) = Z h, (s(t))K; x(t) .So that the closed loop multiple system (1)-
i=1
(4) is asymptotically stable.
r
Proof : Put u(t) = Z h, (s(t))K;x(t) into (1),we can get
i=1
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X(t) = Zr:i h; (s(E)h; (SEA; (DX() +[Ay; + A (O)Ix(t -~ d, (1)

i=l j=1

+[Ag + AA; (OIX(t —d, (1)) +[By; +ABy; (DIK;x(t —d (1)}
where A, (t) = A +AA; (). A, =A +BK,, AA ()= AA (1) +AB (DK,
Define the following Lyapunov functional candidate:

V(0 =Vo () +Vi(1) +V, (1)
where V, (t) = x(t)" Px(t)
V.= ‘M) X(s)" Ryx(s)ds + | ‘M) X(s)" Ryx(s)ds

t

V,(t) = L o %(s)" SX(s)ds + jOh jt ‘+§(s)T Zx(s)dsd@
then V, (t) = 2x(t)" Px(t)
V, (t) = x(t)" R x(t) — (1 —d, ())x(t — d, (£))" Ryx(t — d, (t)) + x(t)" R,x(t)
— (L= d5(O)x(t — d4 ()" Ryx(t — d, (1))
V, (t) = X(t)" SX(t) — (L —d, (£))x(t — d, ()T Sk(t — d, (t)) + hx(t)T Zx(t) - L ih X(s)T Zx(s)ds
SO we can get
V(1) < 2x(t)" PX(t) + x(t)T Ryx(t) — x(t — d, (t))" R, x(t —d, (t)) + x(t)" R,x(t)

= X(t = d, ()" RyX(t — d, (1)) + X(1) " SX(t) — X(t — d, (1)) " SX(t — d, (1))
And one side,
2x(t)" Px(t)

= Zrlzr: hy (s(E)h; (sE)X(X) [PA, (1) + A; (1) PIX(t) + 2X(1)" PLA; + AA (D]x(t - d, (1)) On the other

i=1 j=1
+ zx(t)T P[Adij + AAdij (t)]X(t - dz (t)) + ZX(t)T P[Bhij + ABhij (t)]K j X(t - d3 (t))}
hand, by Newton Leibniz formula,we can get he following formulas,

X(OT Ny + x(t = dy @) N, + %~ ) NaT-IxO - [ X()ds = x(t —, (9] =0

[X(OT M, +X( -4y (0) M, + k(- d,(0) MO - [, X(s)ds = x(t - d, ()] =0

So, the time derivative of V (t) is computed as,

V(D)< ZZ h; (s(E)h; (SOXXM) T [PA; (1) + A; (1) PIX(R) + 2x(1)" PLA,; + AA; (OIx(t — d, (1))

+2X(1)" P[Ay; + AA; (OIX(t — d, (1) + 2x(1)" P[By; + ABy; (DK x(t — d3 ()} + X(1) (R, + Ry)x(t)
= (L= )x(t = d; (1) Ryx(t = d, (1)) = (L= )x(t = d5 (1)) RyX(t — d5 (1)) + X(1) (S + hZ)x(t)
(@ )X - d; (O) SX(E ~d, (0) - [ X(6)T Zi(S)ds + 2O N, + x(t — d, (O)T N, + X(t -, ()" N,]

x@ = [, %(6)ds = x(t—d, (O] + 20X M, +X(t—d, () M, + X(t =, (0)" M, ][x(V)

t—d, (1)
= Em O~ [ 7,® wn,O)ds
where 7, (1) =[x(®)"  x(t—d, ()" x(t—d; ()" K(t—d, )]
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7O =[x®" xt-d,®))" xt-d;1)

x11 X12 Xl3 X14
* X22 X23 X24

X=| . >0
X33 X34
* * *
X44
= = = =
—11 —12 —13 —14
* 522 523 524
== <0
* * = =
—33 —34
* * * =
=44
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X(t—d, (1) x(s)]

Then we obtain \/(t)<0, that is to say the closed loop multiple system is asymptotically stable.
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