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Abstract This paper considers the reliable control design for T-S fuzzy discrete
system with stochastic sensors and actuators faults. The faults of each sensor or ac-
tuator occurs randomly and its failure rates are governed by two sets of unrelated
random variables satisfying certain probabilistic distribution. In terms of the proba-
bilistic failures of every sensor or actuator, new fault model is proposed. Based on the
new fault model, reliable controller is designed and sufficient conditions for the expo-
nentially mean square stability of T-S fuzzy systems are derived by using Lyapunov
functional method and linear matrix inequality (LMI) technique. Finally, a numerical
example is given to show the effectiveness of the proposed method.
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1 ` \#= Takagi Æ Sugeno[1] q 1985 �}4 T-S ��^��2Qe�lm	IF~`qJ\w�℄�-��^��j'�nJLuf�� T-S ������qe
Lue"7��J�2T-ZuK%"7�2J���C�B�<8%~ZJ���t��Æ=m	Gm�
T-S ���2ZQ?F�REX�U< T-S ���2℄e"7 ;R��5�JLu�IzO�P�_W[e�y1)�R(�1$��^�L�j�q�S��BaQ�Je"7Uw���_W[ezKÆz/S*��Bv!����=�/��1���u��� T-S����C�~Lie"7Uw�� (�dQ�NgJ��), U<���ZQ��DI$�J T-S ���2�eDIBaQ�Je"7����-��e T-S ����PF8I~L.��J<��|.<�ZQf�zi�%Q���J T-S ����ÆQ�NgJ T-S �����L�1��Q�NgJ T-S �����Q���J T-S ����Oay*Jb7�|�℄Q��*J1��C�e�YQ�$�J T-S ����J�R7DI8I~hnJ-���IF~�Za-
J<��B�! [2] DI~+Q�J����! [3] DI~Q����Gi<�J�I�V℄,Iua9q+�^�k4���J�5+Oax�Jz*�4�D℄�u���`e9q+��5+Jh���P#O�Q;p>��>UL�9q+�y��5+�y�jNO} Z���|H8Z�C�Z&��7� [4]. Ce�:Z={YZV7^�I(B5~LCJDI�3�! [5–8]. Gi�![Hxa℄w4���y�2��.�ZjU�~�5+�yJ1 [5,6], HjU�~Ba9q+�yJZV^��� [7,8]. �! [9] YLiOas!9q+Æ�5+�yJ�^���JZV7^�B5~DI���U[oA$ i_
a℄ÆL� LW&gIF~���^����RJ2f7"N�<[�F�-���Ban�9q+�yÆ�5+�yJ T-S ��kD����a��_NDI�|℄Lu
IDIJOa�x7J\��memF?�J���)���R7f�Æ^�+I(℄�����C�e�:Z={Y|.B5~DI��8I~�|-���! [10] DI~Li
T-S ��Q����IF~li��Oa:*b7JQ�$�J�R7J2f7�4��! [11] z	~Li T-S ��Q������|rLu/J�� Lyapunov _
�}4~li���R7J2f7�4Æ��+>qZ5>J2f7�4���U�~LiBas!9q+Æ�5+�yJ T-S ����JZV7^����|q�[zu $�J�%LRn�f"Js!�|e�Y�u9q+Æ�5+J�yJ\M���U�n�9q+Æ�5+�y�5t~Lu/J���2��es!q+Æ�5+�y5t/Jj=�2�I(l��JZV7^�+��.r[ Lyapunov �R7$�m	Æs!�fa/L�TIF~li���RJ2f7"N�'���LuS*s"F�~�a℄Ja,7�
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2 UQHMU���J T-S ��kD��
x(k + 1) =

r∑

i=1

hi(k) [Aix(k) + Biu(k)] , (1))� Ai, Bi �P�JOa�_�jJL�� x(k) ∈ Rn, u(k) ∈ Rm ����xÆ^�dC�
i ∈ {1, 2, · · · , r} , S, r ℄���tJuj��.a

hi(θ(k)) =
ωi(θ(k))

r∑
i=1

ωi(θ(k))
, ωi(θ(k)) =

g∏

j=1

W i
j (θj(k)),

W i
j (θj(k)) � θj(k) ee W i

j JveX�. hi(θ(t)) �%
hi(θ(k)) ≥ 0,

r∑

i=1

hi(θ(k)) = 1.�~�?2��q��;i���[ hi �Y hi(θ(k)).

� 1 �	 (1) K=}b/��,R9q+℄Q07U�^�+Æ�5+℄[47U���U[
 1 �i��a.�)� “��$+” ℄[e;R�� (1) J-4�|�`e�J>q�q^�+J���tqJ-4�|� θ(k − dk), )� d1 ≤ dk ≤ d2 ℄�Q��EU[ PDC ^��tQ�B�-4�|� θ(k − dk), tq��J�2f���4�L.���sBq�I<	� �JveX
j�?��~��|.�����}4L�Y-4�|B5pf�Æ�|Ja℄�`G�J,R�E3V�4wRQ����xxN��a/ (1) ��JZQ�H�[ dkZQxN��a.q�J��$+���e℄`��a/ (1) ��JZQ�� x(k − dk).�eG�Jf��
 1 �J-4�|��JZQ�I�E U� ZV���HQ�JJ℄U�=9q+F^�+Æ=^�+F�5+�0J�QEQ�`G�Jf���ZQ#<IFO ikh u^�+�t�
Ri : If θ1(k − dk) is W i

1 and, · · · , If θg(k − dk) is W i
g

Then u(k) = Kjx(k − dk). (2)



312 � 	 X > i k > 33 Q^�+ (2) F�0���J�2�
u(k) =

r∑

j=1

hj(θ(k))Kjx(k − dk). (3)EU�=^�+F�5+J ZV�HQ��� (1) ZQ�Y�
u(k) =

r∑

j=1

hjΞ1Kjx(k − dk), (4))� Ξ1 = diag{Ξ11,Ξ12, · · · ,Ξ1m}, [ Ξ1i(i = 1, 2, · · · , m) ℄ m u $�J8
q [0, ρ1] GJs!�|��. ρ1 ≥ 1, Ξ1i(i = 1, 2, · · · , m) Jj=&ÆÆa*f�� αi Æ δ2
i .�e (4) W�B���BL$U�=9q+F^�+J ZV�H� (4) WZQBL$J�i�

u(k) =

r∑

j=1

hjΞ1KjΞ2x(k − dk), (5))� Ξ2 = diag{Ξ21,Ξ22, · · · ,Ξ2n} [ Ξ2j(j = 1, 2, · · · , n) ℄ n u $�J8
q [0, ρ2] GJs!�|��. ρ2 ≥ 1, �.)h Ξ1i(i = 1, 2, · · · , m) J℄ $�J� Ξ2j(j = 1, 2, · · · , n) Jj=&ÆÆa*f�� βj Æ γ2
j .o 1 q�! [12–14] ��[8
 {0, 1} GJs!�| Γk e�Y9q+�^�+�:O,�{���q�! [13, 14] ��*{,Rs!�| Γk 8
q [0, 1] G�E 0 ≤ Γk ≤ 1 R� 9q+�^�+%fO,�q�;q����,Rs!�| Ξ1i Æ Ξ2i ee40 [0, ρ1] Æ

[0, ρ2], [ ρ1 ≥ 1, ρ2 ≥ 1. Ξ2j = 0, |R� O j u�5+�:O,�{q=9q+F^�+J9d�T�� Ξ2j = 1, |R� O j u9q+℄��J�q|q���}4Js!�|h�! [12–14] �J4�℄��JU�~9q+Æ^�+JjNO}������HE9q+Æ�5+\M�yQ�d41Z���J���{�*�q|q��[ 0 < Ξ1i < 1,

0 < Ξ2j < 1 Æ Ξ1i > 1, Ξ2j > 1 e�YjNO}�
 (5) WBC (1) WZQIF
x(k + 1)

=

r∑

i=1

r∑

j=1

hihj [Aix(k) + BiΞ1KjΞ2x(k − dk)]

=

r∑

i=1

r∑

j=1

hihj

[
Aix(k) + BiΞ 1KjΞ 2x(k − dk) + Bi

(
Ξ1 − Ξ 1

)
Kj

(
Ξ2 − Ξ 2

)
x(k − dk)

+BiΞ 1Kj

(
Ξ2 − Ξ 2

)
x(k − dk) + Bi

(
Ξ1 − Ξ 1

)
KjΞ 2x(k − dk)

]
, (6))�

Ξ 1 = diag{α1, α2, · · · , αm} =

m∑

i=1

αiΘ
i
1, Ξ 2 = diag{β1, β2, · · · , βn} =

n∑

j=1

βjΘ
j
2 ,

Θ i
1 = diag{0, 0, · · · , 0︸ ︷︷ ︸

i−1

, 1, 0, 0, · · · , 0︸ ︷︷ ︸
m−i

}, Θ
j
2 = diag{0, 0, · · · , 0︸ ︷︷ ︸

j−1

, 1, 0, 0, · · · , 0︸ ︷︷ ︸
n−j

}.
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E

{(
Ξ1 − Ξ 1

)2
}

= diag{δ2
1 , δ

2
2 , · · · , δ2

m}, E
{(

Ξ2 − Ξ 2

)2
}

= diag{γ2
1 , γ2

2 , · · · , γ2
n}. (7);iI8mJ���-�a�w4B�Vm�_E 1[15] YwRJL� Q > 0 Æ
j dk, x(k), y(k) (k = 1, 2, · · · ), )� y(k) =

x(k + 1) − x(k), ta�� LW-t
−dk

k−1∑

i=k−dk

yT(i)Qy(i) ≤
[

x(k)

x(k − dk)

]T [−Q Q

Q −Q

] [
x(k)

x(k − dk)

]
. (8)_E 2[16] Y�RJ)| x, y ∈ Rn Æ�RY,L� Q ∈ Rn×n, �� LW-t

2xTy ≤ xTQx + yTQ−1y. (9)_E 3[17] Ω1, Ω2 Æ Ω ℄Oa�_�jJP�L��Y dk ∈ [d1, d2],

(dk − d1)Ω1 + (d2 − dk)Ω2 + Ω < 0 (10)-tE.AE��zW-t
(d2 − d1)Ω1 + Ω < 0, (11)

(d2 − d1)Ω2 + Ω < 0. (12)

3 i^;5�eG�J�Æ�T�����8Y�� (6) I(��ZV7^�+ (5). )�Rm 1w4�� (6) �R7J2f7�4�Rm 2 8qRm 1 J�7GI(�� (1) J��ZV7^�+ (5)./E 1 YwRJ��ZV7^�+uT Kj , �� (6) �jSas!�R�B�>q�RY,L� P > 0, Q1 > 0, Q2 > 0, R1 > 0, R2 > 0 ÆOa_E�jJL� Nij Æ Mij

(i, j ∈ S), UIE i, j = 1, 2, · · · , r Æ 1 ≤ i ≤ j ≤ r Qa�� LW-t
Ψ1(i, j) + Ψ1(j, i) < 0, (13)

Ψ2(i, j) + Ψ2(j, i) < 0, (14))�
Ψ1(i, j)=




Σ1

√
d21Nij Ψ13(i, j) Ψ14

∗ −R2 0 0

∗ ∗ −R̃ 0

∗ ∗ ∗ Ψ44


 , Ψ2(i, j)=




Σ1

√
d21Mij Ψ13(i, j) Ψ14

∗ −R2 0 0

∗ ∗ −R̃ 0

∗ ∗ ∗ Ψ44


 ,

Σ1 = Ψ11(i, j) + Γ (i, j) + ΓT(i, j), Γ (i, j) = [ 0 Nij −Nij + Mij −Mij ] ,

Ψ11(i, j) =




Υ1(i, j) R1 PBiΞ 1KjΞ 2 0

∗ −Q1 − R1 0 0

∗ ∗ 0 0

∗ ∗ ∗ −Q2


 ,
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Ψ13(i, j) = [ R̃(Ai − I) 0 R̃BiΞ 1KjΞ 2 0 ]

T
, Ψ14 = [Λ1 Λ2 · · · Λn ] ,

Λl = [ΛT
l1 ΛT

l2 · · · ΛT
lm ] , l = 1, 2, · · · , n, ̟ls = αlγ

2
s + δ2

l βs + δ2
l γ2

s ,

Λls =
√

̟ls [ 0 0 R̃BiΘ
l
1KjΘ

s
2 0 ] , s = 1, 2, · · · , m, Ψ44 = diag{−R̃,−R̃, · · · ,−R̃︸ ︷︷ ︸

m∗n

},

Υ1(i, j) = PAi + AT
i P − 2P + Q1 + Q2 − R1, R̃ = P + d2

1R1 + d21R2, d21 = d2 − d1.n RS
y(k) = x(k + 1) − x(k). (15)|rB�oA$ i_


V (k) = xT(k)Px(k) +

k−1∑

i=k−d1

xT(i)Q1x(i) +

k−1∑

i=k−d2

xT(i)Q2x(i)

+d1

−1∑

i=−d1

k−1∑

j=k+i

yT(j)R1y(j) +

−d1−1∑

i=−d2

k−1∑

j=k+i

yT(j)R2y(j). (16)`�3*r"JRS�Y V (k) -)#fI
E{LV (k)}

= E
{

2xT(k)Py(k) + yT(k)Py(k) + xT(k)(Q1 + Q2)x(k) −
2∑

i=1

xT(k − di)Qix(k − di)

−d1

k−1∑

i=k−d1

yT(i)R1y(i) + yT(k)
(
d2
1R1 + d21R2

)
y(k) −

k−d1−1∑

i=k−d2

yT(i)R2y(i)

}
, (17)`Vm 1, ��a

−d1

k−1∑

i=k−d1

yT(i)R1y(i) ≤
[

x(k)

x(k − d1)

]T [−R1 R1

R1 −R1

] [
x(k)

x(k − d1)

]
. (18)<� (17) WÆ (18) W�VC#`9L� Mij , Nij (i, j ∈ S), ��ZQIF

E{LV (k)}

= E
{

2xT(k)Py(k) + yT(k)Py(k) + xT(k)(Q1 + Q2)x(k) −
2∑

i=1

xT(k − di)Qix(k − di)

+d2
1y

T(k)R1y(k) +

[
x(k)

x(k − d1)

]T [−R1 R1

R1 −R1

] [
x(k)

x(k − d1)

]
+ d21y

T(k)R2y(k)

−
k−d1−1∑

i=k−d2

yT(i)R2y(i) + Π1 + Π2

}
, (19)
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Π1 =

r∑

i=1

r∑

j=1

hihj

{
2ξT(k)Nij

[
x(k − d1) − x(k − dk) −

k−d1−1∑

k−dk

y(i)

]}
= 0,

Π2 =

r∑

i=1

r∑

j=1

hihj

{
2ξT(k)Mij

[
x(k − dk) − x(k − d2) −

k−dk−1∑

k−d2

y(i)

]}
= 0.[ Nij , Mij ℄Oa�_�jJL���.

ξT(k) = [ xT(k) xT(k − d1) xT(k − dk) xT(k − d2) ] .`Vm 2, ��ZI
−2ξT(k)Nij

k−d1−1∑

k−dk

y(i) ≤ (dk − d1)ξ
T(k)NijR

−1
2 NT

ijξ(k) +

k−d1−1∑

i=k−dk

yT(i)R2y(i), (20)

−2ξT(k)Mij

k−dk−1∑

k−d2

y(i) ≤ (d2 − dk)ξT(k)MijR
−1
2 MT

ijξ(k) +

k−dk−1∑

i=k−d2

yT(i)R2y(i). (21)�RF
yT(k)R̃y(k)

=

r∑

i=1

r∑

j=1

hihj

{
xT(k − dk)

[
BiΞ 1Kj(Ξ2 − Ξ 2)

]T
R̃

[
BiΞ 1Kj(Ξ2 − Ξ 2)

]
x(k − dk)

+xT(k − dk)
[
Bi(Ξ1 − Ξ 1)Kj(Ξ2 − Ξ 2)

]T

·R
[
Bi(Ξ1 − Ξ 1)Kj(Ξ2 − Ξ 2)

]
x(k − dk)

+xT(k − dk)
[
Bi(Ξ1 − Ξ 1)KjΞ 2

]T
R̃

[
Bi(Ξ1 − Ξ 1)KjΞ 2

]
x(k − dk)

+
[
(Ai − I)x(k) + BiΞ 1KjΞ 2x(k − dk)

]T

·R̃
[
(Ai − I)x(k) + BiΞ 1KjΞ 2x(k − dk)

] }
. (22)�.

E
{

xT(k − dk)
[
BiΞ 1Kj(Ξ2 − Ξ 2)

]T
R̃

[
BiΞ 1Kj(Ξ2 − Ξ 2)

]
x(k − dk)

}

=

m∑

l=1

n∑

s=1

αlγ
2
sxT(k − dk)

(
BiΘ

l
1KjΘ

s
2

)T
R̃

(
BiΘ

l
1KjΘ

s
2

)
x(k − dk), (23)

E
{

xT(k − dk)
[
Bi(Ξ1 − Ξ 1)KjΞ 2

]T
R̃

[
Bi(Ξ1 − Ξ 1)KjΞ 2

]
x(k − dk)

}

=

m∑

l=1

n∑

s=1

δ2
l βsx

T(k − dk)
(
BiΘ

l
1KjΘ

s
2

)T
R̃

(
BiΘ

l
1KjΘ

s
2

)
x(k − dk), (24)

E
{

xT(k − dk)
[
Bi(Ξ1 − Ξ 1)Kj(Ξ2 − Ξ 2)

]T
R̃

[
Bi(Ξ1 − Ξ 1)Kj(Ξ2 − Ξ 2)

]
x(k − dk)

}

=

m∑

l=1

n∑

s=1

δ2
l γ2

sxT(k − dk)
(
BiΘ

l
1KjΘ

s
2

)T
R̃

(
BiΘ

l
1KjΘ

s
2

)
x(k − dk). (25)



316 � 	 X > i k > 33 Q<�W (22)–(25), ��ZQIF
E {LV (k)}

=

r∑

i=1

r∑

j=1

hihj

{
ξT(k)

[
Ψ13R̃

−1ΨT
13 + (dk − d1)NijR

−1
2 NT

ij + (d2 − dk)MijR
−1
2 MT

ij

]
ξ(k)

+ξT(k)
(
Ψ11 + Γ + ΓT

)
ξ(k)

+

m∑

l=1

n∑

s=1

̟lsx
T(k − dk)

(
BiΘ

l
1KjΘ

s
2

)T
R̃

(
BiΘ

l
1KjΘ

s
2

)
x(k − dk)

}
, (26))� ̟ls = αlγ

2
s + δ2

l βs + δ2
l γ2

s . 8W (20), (21) Æ (26) CCW (19), ��ZQIF
E {LV (k)}

=

r∑

i=1

r∑

j=1

hihj

{
ξT(k)

[
Ψ13R̃

−1ΨT
13 + (dk − d1)NijR

−1
2 NT

ij + (d2 − dk)MijR
−1
2 MT

ij

]
ξ(k)

+ξT(k)
(
Ψ11 + Γ + ΓT

)
ξ(k)

+

m∑

l=1

n∑

s=1

̟lsx
T(k − dk)

(
BiΘ

l
1KjΘ

s
2

)T
R̃

(
BiΘ

l
1KjΘ

s
2

)
x(k − dk)

}
, (27)<�p`W (13), (14) ÆVm 3, ��ZQIF

E {LV (k)} < 0. (28)e℄io�! [10] �J��a℄���ZQ`W (28) �H���� (6) �jSas!�R�<sLuUI ∑n

i=1(βi − β) '*J+j β, �� (1) JZV7^�+ (5) ZQ`��Rm�I�/E 2 YwRJL.+j d1, d2, ρ1 Æ ρ2, B�>q�RY,L�X > 0, Q̂1 > 0, Q̂2 > 0ÆOa_E�jJL� N̂ij , M̂ij (i, j ∈ S), UIY i, j = 1, 2, · · · , r, 1 ≤ i ≤ j ≤ r a LMIs

(29) Æ (30) -t�t���� (6) ℄�jSas!�R�.ZV^�+uT Kj = YjX
−1.

Ψ̂1(i, j) + Ψ̂1(j, i) < 0, (29)

Ψ̂2(i, j) + Ψ̂2(j, i) < 0, (30))�
Ψ̂1(i, j) =




Υ
√

d21N̂ij Ψ13(i, j) Ψ̂14(i, j) 0 0 Ψ̂17

∗ −ρ2X 0 0 0 0 0

∗ ∗ −ρX Ψ̂34(i, j) 0 0 0

∗ ∗ ∗ Ψ̂44 0 Ψ̂46 0

∗ ∗ ∗ ∗ Ψ̂55 0 0

∗ ∗ ∗ ∗ ∗ Ψ̂66 0

∗ ∗ ∗ ∗ ∗ ∗ Ψ̂77




,
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Ψ̂17 =




0 0 · · · 0

0 0 · · · 0

Θ1
2 Θ2

2 · · · Θn
2

0 0 · · · 0


 , Υ = Ψ̂11(i, j) + Γ̂ (i, j) + Γ̂T(i, j),

Γ2(i, j) = AiX + XAT
i − 2X + Q̂1 + Q̂2 − ρ1X,

Ψ̂11(i, j)=




Γ2(i, j) ρ1X βBiΞ 1Yj 0

∗ −Q̂1 − ρ1X 0 0

∗ ∗ 0 0

∗ ∗ ∗ −Q̂2


 , Ψ̂14(i, j)=




BiΞ 1Yj 0

0 0

0 Ξ 2 − βI

0 0


 ,

Γ̂ (i, j) = [ 0 N̂ij −N̂ij + M̂ij −M̂ij ] , Ψ̂13(i, j) = [ ρAiX − ρX 0 ρβBiΞ 1Yj 0 ]
T

,

Ψ̂34(i, j) = [ ρBiΞ 1Yj 0 ] , Ψ̂44 = diag{−X,−X}, Ψ̂55 = diag{−ρX,−ρX, · · · ,−ρX︸ ︷︷ ︸
mn

},

Ψ̂46 = [ Λ̂1 Λ̂2 · · · Λ̂n ] , Λ̂T
l = [ 01×(l−1)m ̥ls 01×(n−l)m ] ,

̥ls = ρ
√

̟ls [ Y T
j Θ1

1BT
i · · · Y T

j Θm
1 BT

i ] , Ψ̂66 = Ψ̂77 = diag{−X,−X, · · · ,−X},[ Ψ̂2(i, j) �8 Ψ̂1(i, j) � N̂ij ��� M̂ij , )gJ ��n qW (13) Æ (14) �[ (Ξ 2 − βI) + βI C� Ξ 2, �.RS X = P−1, R1 = ρ1P ,

R2 = ρ2P , ��ZIY k = 1, 2, a
Ψ̌ ′

k +




PBiΞ 1Kj

04×1

R̃BiΞ 1Kj

03mn×1







0

0

(Ξ 2 − βI)T

03(mn+1)×1




T

+




0

0

Ξ 2 − βI

03(mn+1)×1







PBiΞ 1Kj

04×1

R̃BiΞ 1Kj

03mn×1




T

≤ Ψ̌ ′

k +




PBiΞ 1Kj

04×1

R̃BiΞ 1Kj

03mn×1


X




PBiΞ 1Kj

04×1

R̃BiΞ 1Kj

03mn×1




T

+




0

0

Ξ 2 − βI

03(mn+1)×1


X−1




0

0

Ξ 2 − βI

03(mn+1)×1




T

, (31))� Ψ̌ ′

k(k = 1, 2) � Ψk(k = 1, 2) �
 PBiΞ 1KjΞ 2, Ξ 2K
T
j Ξ 1B

T
i P , R̃BiΞ 1KjΞ 2, Ξ 2K

T
j Ξ 1

BT
i R̃ f���� βPBiΞ 1KjΞ 2, βΞ 2K

T
j Ξ 1B

T
i P , βR̃BiΞ 1KjΞ 2, βΞ 2K

T
j Ξ 1B

T
i R̃.[��dǎ

Ψ ′′

k +

n∑

l=1








0(6+(l−1)m)×1

̥ls

0(n−l)m×1


 [ 0 0 Θ l

2 01×3(mn+1) ]

+




0

0

Θ l
2

03(mn+1)×1


 [ 01×(6+(l−1)m) ̥

T
ls 01×(n−l)m ]
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≤ Ψ̌ ′′

k +

n∑

l=1









0(6+(l−1)m)×1

̥ls

0(n−l)m×1


 X




0(6+(l−1)m)×1

̥ls

0(n−l)m×1




T

+




0

0

Θ l
2

03(mn+1)×1


X−1




0

0

Θ l
2

03(mn+1)×1




T




, (32))� ̥ls =
√

̟ls

[(
R̃BiΘ

1
1Kj

)T (
R̃BiΘ

2
1Kj

)T

· · ·
(
R̃BiΘ

m
1 Kj

)T
]T

. [ Ψ ′′

k � Ψ ′

k �'� mn 5Æ mn ��F6 R̃BiΘ
l
1KjΘ

s
2 Æ)�Æ�`W (13), (14), (31) Æ (32) �r[ Schur ����ZQIF��J LW

Ωi < 0, i = 1, 2, (33))�
Ω1=




Γ
√

d21Nij Ψ13(i, j) Π14(i, j) 0 0 Ψ̂17

∗ −R2 0 0 0 0 0

∗ ∗ −R̃ Π34(i, j) 0 0 0

∗ ∗ ∗ Π44 0 Π46 0

∗ ∗ ∗ ∗ Π55 0 0

∗ ∗ ∗ ∗ ∗ Π66 0

∗ ∗ ∗ ∗ ∗ ∗ Ψ̂77




, Π14=




PBiΞ 1Kj 0

0 0

0 Ξ 2 − βI

0 0


 ,

Γ = Π11(i, j) + Γ (i, j) + ΓT(i, j), Π34 = [ R̃BiΞ 1Kj 0 ] , Π44 = diag{−P,−X},
Π55 =diag{−R̃,−R̃, · · · ,−R̃︸ ︷︷ ︸

mn

}, Π46 =[Λ1 Λ2 · · · Λn ] , Π66 =diag{−P,−P, · · · ,−P︸ ︷︷ ︸
n

},

Λ
T

l = [ 01×(l−1)m ̥ls 01×(n−l)m ] , ̥ls = ρ
√

̟ls [ KT
j Θ1

1BT
i P · · · KT

j Θm
1 BT

i P ] ,[ Ω2 � Ω1 �8 Nij ��� Mij , Π11(i, j) � Ψ11(i, j) �` PBiΞ 1KjΞ 2, Ξ
T

2 KT
j Ξ

T

1 BT
i P �C βPBiΞ 1Kj, βKT

j Ξ
T

1 BT
i P .q (33) W)z�f�.Q diag{X, X, · · · , X︸ ︷︷ ︸

7

, I, X, · · · , X, I}, �.�
diag{X, X, X, X}Nijdiag{X, X, X, X} = N̂ij , diag{X, X, X, X}Mijdiag{X, X, X, X} = M̂ij ,

KjX = Yj , ��ZQIFW (29) Æ (30).

4 0eFjU��� (6) OaB�'j
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A1 =




0 1 0 0

−0.1481 0 0.05 0

0 0 0 1

0.05 0 −0.05 −0.007


 , A2 =




0 1 0 0

−0.1125 0 0.05 0

0 0 0 1

0.05 0 −0.05 −0.007


 ,

B1 = B2 = [ 0 0 0 1 ]T .�~F���u}a℄Ja,7Æ^m7���f�� 4 �1ez	�KB 1 E U��5+Æ9q+F^�+Js!�y�<Q αi = 1, δi = 0, βi = 1,

γi = 0 (i = 1, 2, · · · , 4). 8 ρ1 = ρ2 = 1, d1 = 1, d2 = 5, t`Rm 2, ��ZQIF��J^�+uT




K1 =
[
0.1246 −0.2521 −0.1457 −0.7412

]
,

K2 =
[
0.1342 −0.2426 −0.1387 −0.7519

]
.

(34)KB 2 EU�9q+s!�yQ�J% βi = 1, γi = 0 (i = 1, 2, · · · , 4). 8 α1 = 0.6,

δ1 = 0.1, ρ1 = ρ2 = 1, d1 = 1, d2 = 3, t`Rm 2, ��ZQIF��J^�+uT




K1 =
[
−0.0131 −0.2131 −0.1642 −0.5157

]
,

K2 =
[
−0.0272 −0.2134 −0.1214 −0.5439

]
.

(35)KB 3 EU��5+Js!�yQ�J% αi = 1, δi = 0 (i = 1, 2, · · · , 4). 8
[β1, β2, β3, β4] = [0.9, 0.8, 0.7, 0.9], [γ1, γ2, γ3, γ4] = [0.10, 0.15, 0.20, 0.25], ρ1 = ρ2 = 1, d1 = 1,

d2 = 5, t`Rm 2, ��ZQIF��J^�+uT




K1 =
[
−0.0135 −0.2213 −0.1356 −0.4416

]
,

K2 =
[
−0.0124 −0.2314 −0.1320 −0.4216

]
.

(36)KB 4 EU�=^�+F�5+Æ9q+F^�+Js!�yQ�8
α1 = 0.9, δ1 = 0.10, [β1, β2, β3, β4] = [0.6, 0.7, 0.8, 0.9], [γ1, γ2, γ3, γ4] = [0.05, 0.15, 0.25, 0.35],

ρ1 = ρ2 = 1, d1 = 1, d2 = 5, t`Rm 2, ��ZQIF��J^�+uT




K1 =

[
0.1328 −0.2212 −0.1438 −0.4219

]
,

K2 =
[
0.1347 −0.2615 −0.1759 −0.4317

]
.

(37)E3V�x x0 = [−0.5 −0.2 0.2 0.5 ]
T
, h1 = sin2(k), h2 = cos2(k), ��ZI��}5"
 2–5.
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5 ; G��DI~LiBa9q+Æ�5+n�O}J T-S ��kD��JZV7^����)�9q+Æ�5+�y℄s!4�J�U��u9q+Æ�5+Js!n�7O}�5t~Luyk�S*J/Jj=�2���U[oA$ i_
a℄Æ"7L� LW&g�IFDIJ T-S ��kD���RÆ�RJ2f7�4�'����j
rsF���w4a℄Ja,7Æa[7� + = T X
[1] Takagi T, Sugeno M. Fuzzy identification of systems and its applications to modeling and control.

IEEE Transactions on Systems, Man, and Cybernetics, 1985, 15(1): 116–132.

[2] Guan X, Chen C. Delay-dependent guaranteed cost control for T-S fuzzy systems with time

delays. IEEE Transactions on Fuzzy Systems, 2004, 12(2): 236–249.

[3] Peng C, Yue D, Tian Y. New approach on robust delay-dependent H∞ control for uncertain T-S

fuzzy systems with interval time-varying delay. IEEE Transactions on Fuzzy Systems, 2009,

17(4): 890–900.

[4] Yue D, Lam J, Ho D W C. Reliable H∞ control of uncertain descriptor systems with multiple

time delays. IEEE Transactions on Fuzzy Systems, 2003, 150: 557–564.

[5] Yang G, Wang J, Soh Y. Reliable H∞ controller design for linear systems. Automatica, 2001,

37(5): 717–725.

[6] Zhang D, Su H, Pan S, Chu J, Wang Z. LMI approach to reliable guaranteed cost control with

multiple criteria constraints: The actuator faults case. International Journal of Robust and

Nonlinear Control, 2009, 19(8): 884–899.

[7] Gao Z, Breikin T, Wang H. Reliable observer-based control against sensor failures for systems

with time delays in both state and input. IEEE Trans. on Systems, Man, and Cybernetics �
Part A: Systems and Humans, 2008, 38(5): 1018–1029.

[8] Tellili A, Abdelkrim M N, Benrejeb M. Reliable H∞ control of multiple time scales singularly

perturbed systems with sensor failure. International Journal of Control, 2007, 80(5): 659–665.

[9] Tian E, Yue D, Peng C. Reliable control for networked control systems with probabilistic sensors

and actuators faults. IET Control Theory and Applications, 2010, 4(8): 1478–1488.

[10] Tian E, Peng C. Delay-dependent stability analysis and synthesis of uncertain T-S fuzzy systems

with time-varying delay. Fuzzy Sets and Systems, 2006, 157(4): 544–559.

[11] Lin C, Wang Q, Lee T, He Y. Fuzzy weighting-dependent approach to H∞ filter design for time-

delay fuzzy systems. IEEE Transactions on Signal Processing, 2007, 55(6): 2746–2751.

[12] Wang Z, Ho D, Liu Y, Liu X. Robust H∞ control for a class of nonlinear discrete time-delay

stochastic systems with missing measurements. Automatica, 2009, 45(3): 684–691.

[13] He X, Wang Z, Zhou D. Robust H∞ filtering for time-delay systems with probabilistic sensor

faults. IEEE Transactions on Signal Processing Letters, 2009, 16(5): 442–445.

[14] Wei G, Wang Z, Shu H. Robust filtering with stochastic nonlinearities and multiple missing

measurements. Automatica, 2009, 45(3): 836–841.

[15] Jiang X, Han Q, Yu X. Stability criteria for linear discrete-time systems with interval-like time-

varying delay. American Control Conference, 2005, 2817–2822.

[16] Wang T, Xie L, de Souza C. Robust control of a class of uncertain nonlinear systems. Systems

& Control Letters, 1992, 19(2): 139–149.

[17] Tian E, Yue D, Zhang Y. Delay-dependent robust H∞ control for T-S fuzzy system with interval

time-varying delay. Fuzzy Sets and Systems, 2009, 160(12): 1708–1719.


