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Abstract : The problems of He« robust tolerant control for a class of nonlinear systems with uncertainties and time
delays are studied. The T-Sfuzzy model is adopted to describe the nonlinear system. The actuator fault model is
established for the actuator fault of systems. By introducing some free-weighting matrices, a sufficient condition is
given based on L yapunov stability theory and linear matrix inequality method(L M) for the existence of the H« robust
tolerant control law , which can guarantee the robust stability of system. Smulation results show the effectiveness of

the proposed approach.
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(PDO) ,
Rulei:
If z2(t) isMaand and z,(t) is Mip,
2 Then u(t) =- Kix(t),i=1,2, ,N, (3
T-S If- Then Ki R™"
s | u(t) =- iz hi (z(t) Kix(t). (4)
Rulei: (4) (2),

If z2(t) isMaand and z,(t) is Mip,
Then xi () = (A +A A) x(t) +
(Ag +A Ag) x(t- h) +
(Bi +ABi) u(t) + Diw (1),

yi(t) = Gx(t),i=1,2, ,N. (1)
:Mjj rz (1) zp ()
ix() R,u() R
i) RT
'h , 0< h< o;w(t)
RY : N DA
R"™ As R",Bi R"™,G R"™",Di R™
A A
A As A B

[AA AB AAs] = MFi()[ Nu Nz Nai].
M, N1, N2i, Nas;
P Fi(D) L ebesgue
F' (1) F(1) < I.

(x(9) ,u(v) ,
T-S

x(t) = Z hi(z()) [ (A +A A) x(t) +

(As +A Ag) x(t- h) +
(Bi +ABi) u(t) + Diw(t) ],

y() = _Zhi(z(t))Gx(t). (2)

z(t) = [z() 2z (D],

hi(z(1)) =M (z(1)] _ZUi(Z(t)) 20,

_Zhi(z(t)) =1,Mi(z(D) = _ElMij(Zj(t))-

‘M (z (1) ,zi (1)
Mj;

N N

x(t) = 2 Z hi(z(t) h (z()) [ (Ai +A A -

Bi Kj - A Bi Ki) x(t) + (Aa +
AAg)x(t- h) + Diw(t)],

y(t) = Z h (z(1)) Gx(1). (5)
(5)

Le = diag(|1,|2, ,|m),

l¢ [0,1],9=1,2, ,m. (6)
g =0 q g =1
q .L« = diag(1,1,
1) . N
=2" : K
B
(5)
N N

x(t) = 2 Z hi(z(t) h (z(1) [ (Ai +A A -

BiLkK; - ABiLkK;j) x(t) + (Aag +
AAg)x(t- h) + Diw(t)],

y(t) = z hi(z(1) Gx(1). (7)
Ho
(4) ,
(7 1)
(w() =0:2 , w(t)
[0, @), Ny lo<ylw®lz. y
N | (I L2[0, )
3
11101 X Q,
J’I hxT(s) Qx (9 ds = _Jk:_(l’z hxT(s) ds({: hx(s) dﬁ.
(8)
2l Y,
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E, Y ,
Y+MF()E+ EF()M' <0 (9)
F' () F(1) < | F(1)
€ >0, :
Y +eEMMT +e *ETE < 0. (10)
1 (7N, w(t) =0,
B, B,E,Q>0,X>0,Y g >

mt

E - Bf  XNi + Y/L«NJ]
Ei XN
. B 0 <0. (11

-€il E

= = AX + XA - Y/L«BT -
Q- E - E +&¢ MMT,

BiL«kY; +

i,j=1,2, ,N, k=12, ,m
Ki = YixX*,
(7)
L yapunov
V(x(D)) =
x" (1) Px (1) +J‘OJ:+9XT(S) Qx (9 dsd +
.(I'I_th(s) ag ITI_hx(s) ds. (12)
(7)  Lyapunov ,
V(x()) =

x" (1) Px(t) + x" (1) Px(t) + hx"(t) Qx(t) -

J't_th(S) Qx(9ds+ (x' (1) -
x"(t- h) Ij'ihx(s) ds +

J'i_th(s)dsP(x(t) - x(t- h) <

X' (1) Px () + x" () Px(t) + hx' (t) Qx (1) -
_ﬁg-I-hXT(S) dﬁ Q.(I.:-hx(s) dé‘) *

(X" () - X (t- ) T_hx(s)ds+

t

J'[_th(s)dsP(x(t) - x(t- ) =

N N

Z Z hi (z(1) hi (z(1) (XT(t) (ATP + PAi -

(BILkKj) TP- PBiLkK; +AATP + RAA, -
A BiL«K)"P- RABLK; + hQ) x(t) +
x"(t- h) (As +A Ag) " Px (1) +

x" (1) P(Ag +A Ag) x(t- h) -

‘Jﬁg': hxT(s) ds) Qg:_hx(s) dg +

(x"() - x"(t- h) Ij’:_hx(s)ds+

t

J't_th(s)dsP(x(t) - x(t- h))) =

x (1) T
x(t- h

I" hx(s) d

N N

33 hz0) h(z(0)

[ PW; + WIP+ hQ P(As +A Ag) P
* 0 - Pl
. . 1
L " e
x (1)
(-0 | Lo S S h(2(0) b (2(00) x
_J.: hX(S) d Z jZ

[xT(t) BE+Xx(t- hE +

-(I'I_hx(s) 49 B + .(r:_hi((s) dg E] %
[x(t- 1 - x(D +I:_h>'<(s)ds] -
[ ox() 17
x(t- h

N N
t

iZjZ hi (z(1)) hj (z(1) I"hX(S) d X

_j:.hﬂs) 5

M, M, P- B BE - E x()
* E + E; P+ E;' E;I' X(t - h)
t
* * _ _l.Q E;— It-hx(s) dS .
h t
* * * E + EL _It_hf((s) dg

(13)

Wi = Al +A A - ABiL«K; - BiL«Kj,

M= PW; +WjP+hQ- B - H,
M, = P(As +AAs) + B - E.
(13)
V(x(1)) <0, (7)
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2, (13 BE- B (Nu + N2iLkKj)T
El N3
., P- B &- E] - B 0 <0, (15
* B+EB - P+EBE E E: + Ei 0
* * —l- T = * - €l -
hQ Es
L+ * * E + EL S =AX+ XA - YLBT - BiLY; +
M: AAs O fﬁ- E - B +€MM'.
* 0 0 (15)
Q + = . 1 1 1 o1 1 =
* * 0 diag] P P P P 17, P= X" &
| . « « = XE1 X, B = XE2X,BE = XEsX,E = XEs X,Q
" PM = XQX  Ki = YiX*', (15)
0 (11). O
Q + 0 F()[ Nz + N2iL«K; Nz 0 0] + 2 (7) ,w(t) #
0 0, Yy, E,.E,B,E,Q>0,
T Y >0 €, >0 :
PM M= =T = =T
g = Is X- B E - E
[Nz + N2iL«K; Nsi 0 O]"F' (9 5 < * My - X+ B E
0 w Jﬁé =N
PM| | PM| T (N1 + NaiL«K;) x * E+E "
o|| o N3 x * *
Q+£i +8{1 ’ X
O 0 * * * *
0 0 0 L * * * *
[N + NaiLkK; Nz O 0] <O. (14) Me Di Xcf
XN3i 0 0
M; = 0 0 0
AATP+ AA - ABL«K)"P- AABLK;, < 0 0 0| <0 (16)
Q - - &5l 0 0
h . * _y2l 0
N, PA«+E-E P-H &-E y
* * - I_
* E+E - P+ B Ei
* * - 'J[;'Q = ' Ms = Ag + B - EzT,
. . . E o+ gl Me = XN& + Y/L«Nzi,
T T n, = E2+E2T
n4 = Ai P+ PAi - (BiLkKj) P - PBiLkKj + 1
. Ki=YiX
hQ- & - E. ’ H. V.
(14) Schur ,
o (7 L yapunov (12) ,
= PAs + B - B P- B .
* E+E - P+ B J =
T
‘ ‘ -1 - [y @y -y @ w + Ly (x(9) ]t -
* * * V(x(t) <

[lY @0 -y @)+ fy )]
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YOy - VAW (@ w() + SV (x(D) =

y () y() -yiw () w() + x" () Px(D) +

x" () Px (1) + hx' () Qx (1) -J’l_th(s) Qx (9 ds +
(XT() - % (t- ) lj’:_hx(s)ds+

J':_th(s)dsP(x(t) - x(t- h) <

x (1) T
N N x(t- h
330 (20 b (2(0)]

I" th (9d

w' (1)
rlg P(Ad‘ +A Ad) P PDi X(t)
* 0 - P 0 x(t- h
* * —]- !
eI NRECL
* * * _y2 W(t)
(17)
Mg = PWj + Wi P+ hQ + C'Ci.
(17 0,
J <O, 1
Schur
diagl P* P* PP I I11], (16) ,
J'OyT(t) y(1) dt <y2J'OwT(t)w(t) dt <
VT:WT(t)W(t) dt. O
4
[12]
x1 =- 0.1x(t) - 0.0125x: (t- h) -
0.02x: (1) - 0.067x3 (1) -
0.1x3(t- h) - 0.005x: (1) (t- h) +
0.5w (t) +0.4w(t) +0.1w(t),
x2 =x1(t) +0. 4w (t) +0.5w(t) +0.2w(t),
yi(t) = xa (1),
y2 (1) = x2(1). (18)
xs  [-1.5,1.5],x [- 1.5,1.5]
M1, M12 :
2
Mu (x2 () = 1 - _2_(_)_)2(2;
2()
Mz (%2 () =1- Mu(x2(t) = ;;5
(18)
T-S

Rule 1:

(16) ,

If x2(t) is Mu,
Then x(t) = (A1 +A A1) x(t) +
(Aa +A Aa) x(t- h +
(Br +A B1) u(t) + Diw(t),
y(t) = Gx(V);
Rule 2:
If x2(t) is M1z,
Then x(t) = (A2 +A Az) x(1) +
(Ae +A Ae) x(t- h) +
(B2 +A B2) u(t) + Daw(t),
y(t) = Gx(t).

x() =[x (), %@®]",
A _[-0.1125 -o.oz}

1 0
[- 0.1125 - 1.527}
A =
1 0
[- 0.0125 - 0.0051
Aa = )
0 0
[- 0.0125 - 0.23}
Ae =
0 0

[0.5 o.j
B: = B2 = ,
0.4 0.

D: = D2 = [0.1 0.2]",

10
M = [- 0.1125 O]T,clzczz[o J]

Nii = [1 0], N2 = [1 O], N =1 O].
L1 = ,
0
= , 2

0
Ls = , 1
0

Y =1,h=0.5,

L2

[ - 6.4726 - 8.4661}
- 30.8378 27.8954
B [ 2.3652 - 2.946j _
~ L 0.3535 - 1.004

[0.5389 o.3zej
0.3269 0.202
[0.9966 o.esoﬂ
0.6501 0.504

- _[1.1847 1.219:]
= 1.2248 1.489
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. [ 0.5210 - 0.565j , , L yapunov
" L-0.4454 - 0.5749 ° LMI , He
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