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Abstract 6 

This paper deals with the problem of delay-dependent robust H∞ filter for switched T-S fuzzy 7 

systems with interval time-varying delay and parameter uncertainties. By choosing a new 8 

Lyapunov function and using the convexity property of matrix inequalities, some delay-9 

dependent stability conditions are obtained for the asymptotical stability of the filtering-error 10 

system. Finally, tree examples are provided to demonstrate the effectiveness and the superiority 11 

of the proposed design methods. 12 
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1. Introduction: 15 

H∞ filter has came to play an important role in fuzzy model during the past years, especially; in 16 

the control and filtering problems [1], [2] and [3]. H∞ filtering of time-delay T-S fuzzy systems 17 

based on piecewise Lyapunov-Krasovskii functional was investigated in [4]. The problem of 18 

delay-dependent robust H∞ filter for T-S fuzzy time-delay systems with exponential stability 19 

was studied in [5].The delay-dependent robust H∞ filter for a class of Takagi-Sugeno (T-S) 20 

fuzzy descriptor time-delay systems with parameter uncertainties has been discussed in [6]. 21 

Switched systems arise in many practical models in manufacturing, communication networks, 22 

automotive engine control, chemical processes etc [7-9]. The idea of controller switching is 23 

introduced in order to overcome the shortcomings of the single controller and improve system 24 

performance [10–12]. The stability analysis of switched time delay systems has attracted lot of 25 

attention. In [13], the stabilization via switching is investigated by using a multiple lyapunov 26 

function. In [14], exponential stability and stabilization are designed in terms of the solution of 27 

Riccati- type equations. In [15-16], the exponential stability of switched systems with mixed 28 

time delay is studied. In [17], the exponential stability and guaranteed cost of switched linear 29 

systems with mixed varying delays is studied. For T-S fuzzy switched systems with time 30 

delays, a few results are encountered in the literature. The delay dependent exponential stability 31 

is studied for systems with norm bounded uncertainties in [18] and in [19] the stability 32 
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robustness of T-S fuzzy systems with two additive time varying delays is investigated by using 33 

the free weighting approach. In addition, the state estimation problem has been investigated for 34 

switched systems with different performance indexes including H∞ filter design [20, 21], where 35 

in [20] the linear matrix inequality (LMI)based existence condition of such a filter is derived by 36 

the introduction of slack variables to eliminate the cross coupling of system matrices and 37 

Lyapunov matrices among different subsystems. An H∞ filtering design is developed by using 38 

switched Lyapunov functional approach for discrete time switched systems with time delay in 39 

[21]. Switched linear filters are designed to ensure that the filtering error systems under 40 

switching signal with average dwell time are exponentially stable with a prescribed H∞ noise 41 

attenuation level are studied in [22]. But at present, the problem of delay-dependent robust H∞ 42 

filter for T-S fuzzy time delay systems with exponential stability has rarely been reported and 43 

remains an open research domain.  44 

For uncertain switched T-S fuzzy time delay systems, this paper discusses the design methods 45 

of delay dependent robust H∞ filter. The parameter uncertainties are assumed to be time 46 

varying but norm-bounded. The designed filter is obtained by constructing a new lyapunov 47 

krasovskii functional and guarantees the asymptotic stability of the error system, some 48 

improved LMI –based robust stability criteria are obtained without ignoring any useful terms in 49 

the derivative of the lyapunov functional, the obtained criterion is less conservative than the 50 

existing ones. Finally, tree numerical examples are given to show the effectiveness and the 51 

superiority of the proposed design methods. 52 

 53 

2. Preliminaries and Problem Formulation: 54 

Consider a class of switched systems with T-S fuzzy subsystems as follows  55 R�:If �� (t) is W��, �� (t) is W��, . . . , ��(t) is W	� 56 

Then 57 


��
�
 x� �t� = �A�� + ΔA���t��x�t� + �A��� + ΔA����t��x�t − τ�t�� + �B��� + ΔB����t��ω�t�                                   y�t� = �C�� + ΔC���t��x�t� + �C��� + ΔC����t��x�t − τ�t�� + �D��� + ΔD����t��ω�t�                                   z�t� = �L�� + ΔL���t��x�t� + �L��� + ΔL����t��x�t − τ�t�� + �G��� + ΔG����t��ω�t�                                      x�t� = ϕ�t�       t ∈ )−h+ , 0.    i = 1, … . , r                                                                                �4. 5�                         

58 

Where x(t) ∈67 is the state vector; ω(t) ∈ 68  is the disturbance input that belongs to 9� [0,∞]; 59 

y(t) ∈ 6:  is the measurements vector; z(t) ∈ 6;   is the controlled output, ��(t), ��(t),… 60 ��(t)are the premise variables and W<� ,l=1,…,s are  the fuzzy sets, σ(t) := j∈{1,…,N} is the 61 

switching sequence and r is the number of IF-THEN rules.ϕ ∈ ([−h+ , 0], Rn) is the initial 62 
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function, with norm ‖ϕ‖=supA∈)BCD ,E.‖ϕ�θ�‖ . τ�t� is a bounded time varying delay 63 

satisfying: 64 

0≤ hH ≤ τ�t� ≤ h+                                                                                                                   (2.2) 65 

The time varying delay τ (t) is assumed to be differentiable τ� �t� = d with 66 d� ≤ d ≤ d�                                                                                                                             (2.3) 67 )A�σ  A��σ BJ�σ C�σ C��σ DJ�σ L�σ  L��σ G��σ ΔA�σ�t� ΔA��σ�t� ΔBJ�σ�t� ΔC�σ�t� ΔC��σ�t� ΔDJ�σ�t� ΔL�σ�t� ΔL��σ�t� ΔGJ�σ�t�.  ∈ {)A�L  A��L BJ�L C�L C��L DJ�L L�L  L��L GJ�L ΔA�L�t� ΔA��L�t� ΔBJ�L�t� ΔC�L�t� ΔC��L�t� ΔDJ�L�t�ΔL�L�t� ΔL��L�t� ΔGJ�L�t�., j=1… N},A�L , A��L , BJ�L, C�L, C��L , DJ�L , L�L , 68 L��L , GJ�L are constant matrices, ΔA�L�t�, ΔA��L�t�, ΔBJ�L�t�, ΔC�L�t�, ΔC��L�t�, ΔDJ�L�t�, ΔL�L�t�, 69 ΔL��L�t�, ΔGJ�L�t� are unknown perturbation matrices. The matrix A�σ  switches between 70 

matrices A��, A��, … , A�M, the matrix A��� switches between matrices A���, A���, … , A��M, the 71 

matrix BJ�� switches between matrices BJ��, BJ��, … , BJ�M, the matrix C�� switches between 72 

matrices C��, C��, … , C�M, the matrix C��� switches between matrices C���, C���, … , C��M , the 73 

matrix DJ�� switches between matrices DJ��, DJ��, … , DJ�M, the matrix L�� switches between 74 

matrices L��, L��, … , L�M, the matrix L��� switches between matrices L���, L���, … , L��M and the 75 

matrix GJ�� switches between matrices GJ��, GJ��, … , GJ�M .The perturbation matrices ΔA���t�, 76 ΔA����t�, ΔBJ���t�,ΔC���t�,ΔC����t�, ΔDJ���t�, ΔL���t�,ΔL����t� and ΔGJ���t� switches 77 

between matrices ΔA���t�ΔA���t�, … , ΔA�M�t�, ΔA����t�, ΔA����t�, … , ΔA��M�t�, ΔBJ���t�, 78 ΔBJ���t�, … , ΔBJ�M�t�, ΔC���t�, ΔC���t�, … , ΔC�M�t�, ΔC����t�,ΔC����t�, … , ΔC��M�t�, ΔDJ���t� 79 , ΔDJ���t�, … , ΔDJ�M�t�, ΔL���t�,ΔL���t�, … , ΔL�M�t�, ΔL����t�, ΔL����t�, … , ΔL��M�t� and 80 ΔGJ���t�, ΔGJ���t�, …, ΔGJ�M�t� respectively.  81 

Hence the system (2.1) can be represented as follows: 82 

Plant rule i for individual subsystem j: 83 R�:If z�(t) is W��, z�(t) is W��, . . . , z	(t) is W	� 84 

Then 85 


��
�
x� �t� = PA�L + ΔA�L�t�Q x�t� + PA��L + ΔA��L�t�Q x�t − τ�t�� + PB��L + ΔB��L�t�Q ω�t�                                       y�t� = PC�L + ΔC�L�t�Q x�t� + �C��L + ΔC��L�t��x�t − τ�t�� + �D��L + ΔD��L�t��ω�t�                                          z�t� = PL�L + ΔL�L�t�Q x�t� + �L��L + ΔL��L�t��x�t − τ�t�� + �G��L + ΔG��L�t��ω�t�                                           x�t� = ϕ�t�       t ∈ )−h+ , 0.    i = 1, … . , r                                                                                  �4. R�                          

86 

Assumption 2.1.The perturbation matrices are assumed to be norm bounded and given by: 87 )ΔA�L�t� ΔA��L�t� ΔBJ�L�t�. = D��LS�L (t) )E�E�L E���L E���L.                           88 )ΔC�L�t� ΔC��L�t� ΔDJ�L�t�. = D��LS�L (t) )E�E�L E���L E���L.                                          (2.5)             89 
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)ΔL�L�t� ΔL��L�t� ΔGJ�L�t�. = DU�L S�L (t) )EUE�L EU��L EU��L.                                            90 

Where E�E�L, E���L, E���L, E�E�L, E���L, E���L, EUE�L, EU��L, EU��L, D��L, D��L and DU�L  are known 91 

constant matrices with appropriate dimensions, S�L (t) are unknown time-varying matrices with 92 

Lebesgue measurable elements bounded by: 93 F�LW(t) F�L�t� ≤ I                                                                                                                         (2.6) 94 

By using the common used center-average defuzzifier, product interference and singleton 95 

fuzzifier, the global dynamics of T–S fuzzy system (2.4) can be inferred as 96 


��
��
�
 x� �t� = ∑ μ��z�t��)[�\� PA�L + ΔA�L�t�Q x�t� + PA��L + ΔA��L�t�Q x�t − τ�t�� + PBJ�L + ΔBJ�L�t�Q ω�t�.                         y�t� = ∑ μ��z�t��)[�\� PC�L + ΔC�L�t�Q x�t� + �C��L + ΔC��L�t��x�t − τ�t�� + �DJ�L + ΔDJ�L�t��ω�t�                                                                                                 z�t� = ∑ μ��z�t��)[�\� PL�L + ΔL�L�t�Q x�t� + �L��L + ΔL��L�t��x�t − τ�t�� + �GJ�L + ΔGJ�L�t��ω�t�.                              x�t� = ϕ�t�                   t ∈ )−h+ , 0.                                                                                                               �4. ]�                            

97 

Where μ� (z(t)) = �̂(z(t))/∑ w��z�t��[�\�  , ̂ � (z(t))=∏ WL� PzL�t�Q	L\�  98 

WL� PzL�t�Q being the grade of the membership function of �a(t) in WL�, some basic properties of 99 μ� (z(t)) are:   μ� (z(t)) ≥0  , ∑ μ��z�t�� [�\� =1 100 

In this paper, we consider the following fuzzy filter: 101 R�:If z�(t) is W��, z�(t) is W��, . . . , z	(t) is W	� 102 

Then           bx�c�t� = Ad�Lxe�t� + Bd�Ly�t�ze�t� = Cd�Lxe�t� + Dd�Ly�t�xe�0� = 0 f         (i=1,2,…,r),                                                      (2.8)                       103 

Where xe�t�∈ 67 is the filter state, ze�t�∈ 6; is the estimation of z(t) in fuzzy system 104 

(2.1), Ad�L, Bd�L, Cd�L and Dd�L are the filter matrices with appropriate dimensions, which are to be 105 

designed. The final fuzzy filter of fuzzy system (2.1) is thus inferred as follows 106 

bx�c�t� = ∑ μ��z�t��)[�\� Ad�Lxe�t� + Bd�Ly�t�.ze�t� = ∑ μ��z�t��)[�\� Cd�Lxe�t� + Dd�Ly�t�.xe�0� = 0 f                                                                            (2.9) 107 

Augmenting system (2.1) to include switched T-S fuzzy filter (2.9), we can obtain the filtering 108 

error system 109 


��
�
 x�g�t� = PAhL + ΔAhL�t�Q xi�t� + � Ah�L + ΔAh�L�t��xi�t − τ�t�� + PBhJL + ΔBhJL�t�Q ω�t�                   e�t� = PCg L + ΔCg L�t�Q xi�t� + � Cg�L + ΔCg�L�t��xi�t − τ�t�� + PDhJL + ΔDhJL�t�Q ω�t�                   xi�t� = )ΦW�t� 0.W, ⩝ t ∈ )−h+, 0.,                                                                                          �4. 5m�

f           110 

                                                                                                                                                                                    111 

Where  xi�t�: =col {x�t� xe�t�}, e(t):= z(t) - ze�t� 112 
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AhL=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� o AnL 0Bd�LCnL Ad�Lp ; 113 

Ah�L=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� o A�nL 0Bd�LC�nL 0p; 114 

Bh�L=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� o B�nL 0Bd�LD�nL 0p ;                                                                   (2.11)                          115 

Cg L=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� [L�L − DdnLC�L −CdnL.; 116 Cg�L=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� [L��L − DdnLC��L] ; 117 DhJL=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� [GJ�L − DdnLDJ�L] ;  118 

And ΔAhL�t� = ∑ μ��z�t��[�\� ∑ μn�z�t��[n\� r ΔAnL�t� 0Bd�LΔCnL�t�� 0s; 119 

ΔAh�L�t�=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� r ΔA�nL�t� 0Bd�LΔC�nL�t� 0s; 120 

ΔBhJL�t�=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� r ΔBJnL�t� 0Bd�LΔDJnL�t� 0s; 121 

ΔCg L�t�=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� [ΔL�L�t� − DdnLΔC�L�t� 0] ; 122 ΔCg�L�t�=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� [ΔL��L�t� − DdnLΔC��L�t�] ;                                          (2.12) 123 ΔDhJL�t�=∑ μ��z�t��[�\� ∑ μn�z�t��[n\� [ΔGJ�L�t� − DdnL ΔDJ�L�t��] ; 124 

The robust H∞ filtering problem to be addressed in this paper is formulated as follows: 125 

Given the switched T-S fuzzy time-delay system (2.7) and a prescribed level of noise 126 

attenuation γ > 0, determine a filter in the form of (2.9) such that the following requirements are 127 

satisfied: 128 

(a) The system (2.10) with t (t) = 0 is asymptotically stable, 129 

(b) The H∞ performance ‖e‖� < v‖ω�t�‖� is guaranteed for all nonzero  ω (t) ∈ 9� [0, ∞] 130 

under the condition xi�t� = 0 ,  for all t ∈ )−h+, 0..If this is the case, we say that the fuzzy H∞ 131 

filter design problem is solvable. 132 

To present our objective more precisely, the following lemma are introduced. 133 

Lemma 2.2 [23]: Let Q = QW, Ω, E, and F (t) satisfying FW�t�F(t)≤I are appropriately 134 

dimensioned matrices, the following inequality: 135 

Q + ΩF(t)E +EWFW�t�ΩW < 0 136 

Is true, if and only if the following inequality holds for any scalar y > 0  137 

Q+ εB�ΩΩW+εEWE< 0 138 

Lemma 2.3 [24]: For any two matrices X and Y, we have 139 

UNDER PEER REVIEW



XWY + YWX ≤ εXWX + εB�YWY 

Where XϵR~×� , Y ϵR~×� , and y is any positive constant. 140 

 141 

3. Fuzzy �� performance analysis: 142 

In this section, we will present an efficient LMI- based method for the design of an H∞ 143 

fuzzy filter and we propose sufficient stability criterion for the filter error system (2.10).  144 

Remark 3.1. The nominal system of (2.10), i.e., ���a��� = ����a���=����a��� = ���a��� =145 ����a��� = ����a��� = �9�a��� = �9��a��� = ����a���=0 is reduced to the system as follows 146 

���g��� = ��a�i��� + ���a�i�� − ����� + �gta^������� = ��a�i��� + ���a�i�� − ����� + �hta ^����i��� = )����� 0.� , ⩝ � ∈ )−ℎ� , 0., f                                                                      (3.1) 147 

Where ��a , ���a, �gta, ��a, ���a ��� �hta are defined in (2.11). In this case, we have the following 148 

theorem. 149 

Theorem 3.2 :Given scalars 0 ≤ ℎ� ≤ ℎ�, �� ≤ �� and γ>0, the �� filter error system (3.1), 150 

for all differentiable delay τ (t) ∈[ ℎ�, ℎ�., is asymptotically stable and has a prescribed �� 151 

performance level γ if there exist real symmetric matrices 6E > 0, 6� > 0, �E > 0, �� >152 

0, � = o�� ��∗ �Up > 0, 6� ≥ 0, �� ≥ 0,and real matrices ¡8; , �¢ = 1,2; ¤ = 1,2, … ,6� with 153 

appropriate dimensions such that the following LMIs (3.2) are feasible where � = ��, ��  154 

¦8�§a = ©̈©©
ª«�§a + ¬−­8���­8 + ®¯¡8­8 + ®¯­8�¡8�° ℎ�±�a� �E ²¯±�a� �� ®¯¡8 ±Ua�∗ −�E 0 0 0∗ ∗ −�� 0 0∗ ∗ ∗ −�� 0∗ ∗ ∗ ∗ −­³́

´́
µ < 0                          155 

                                                                                                                                              (3.2) 156 

Where 157 «�§a

=
©̈©©
©©ª
¶��a ¶��a �E 0 ¶�·a ¶�¸a∗ ¶��a 0 0 ¶�·a ¶�¸a∗ ∗ 6� − 6E + 6� − �E − �� 0 �� 0∗ ∗ ∗ −6� − �� − �� �� 0∗ ∗ ∗ ∗ −�1 − ���6� − ��� − 2�� 0∗ ∗ ∗ ∗ ∗ −v�­³́́

´́́
µ
 

¶��a = ���§a + �§a� �� + ���¹�a�§a + �§a� �¹�a� ��� + 6E-�E 158 
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¶��a = ���¹�a + �§a� ��� + �§a� �¹�a� �U;            ¶��a=�U�¹�a + �¹�a� �U 159 ¶�·a = ����§a + ���¹�a��§a;          ¶�·a = �����§a + �U�¹�a��§a                                        (3.3) 160 ¶�¸a = ���t�a + ���¹�a�t§a;             ¶�¸a = ����t§a + �U�¹�a�t§a 161 ­� = )0 0 0 −­ ­ 0.;  ­� = )0 0 ­ 0 −­ 0.;   162 ¡8: = º¡8� ¡8� ¡8U ¡8» ¡8· ¡8¸¼, p=1,2 163 

 164 ±�a ≔ )�§a 0 0 0 ��§a �¾§a.                                                                                    (3.4) 165 ±Ua ≔ ¬9§a − �¹�a�§a −�¹�a 0 0 9�§a − �¹�a��§a �t§a − �¹�a�t§a° 
Proof: We introduce the following lyapunov krasovskii functional: 166 ¿��, �iÀ� =¿8��, �iÀ� + ¿̄ ��, �À�                                                                                                 (3.5) 167 

Where �iÀ denotes the function �i�Á�  defined on [t-ℎ� , �], 168 ¿8��, �iÀ� = �i������i���                                                                                                           (3.6) 169 

¿̄ ��, �À� = Â ���Á�ÀÀB¯Ã 6E��Á��Á+Â ���Á�ÀB¯ÃÀB¯Ä 6���Á��Á+Â ���Á�ÀB¯ÃÀBÅ�À� 6���Á��Á+ (3.7) 170 

Â ���Á�ÀBÅ�À�ÀB¯Ä ����Á��Á+ℎ� Â Â �� ��Á�ÀÀÆÇEB¯Ã �E���Á��Á�È + ®¯ Â Â �� ��Á�ÀÀÆÇB¯ÃB¯Ä ���� �Á��Á�È 171 

With 6�> 0, ��> 0, 6E> 0, 6� ≥0, �� ≥0, �E> 0, P=o�� ��∗ �Up > 0 being real symmetric 172 

matrices with appropriate dimensions and ®¯ = ℎ� − ℎ�. 173 

Introduce the following vector: 174 É:= col{���� �e��� ��� − ℎ�� ��� − ℎ�� ��� − ����� t���Ê                                     (3.8) 175 

Then, rewrite error system (2.10) as 176 


��
�
��g��� = ∑ μi�z�t�� ∑ μk�z�t��rk=1ri=1 o±�a±�ap ±e�t� =  ∑ μi�z�t�� ∑ μk�z�t��rk=1ri=1 ±Ua±�i��� = )����� 0.

f                                                                             (3.9)                                                                         177 

Where ±�a are defined in (3.4) and ±�a ≔ ¬�¹�a�§a �¹�a 0 0 �¹�a��§a �¹�a�t§a°. 178 

Using the expressions in (3.5) and taking the time-derivative of  V�t, xiÍ� along the solution of 179 

(3.1) we obtain 180 

¿�8��, �iÀ� = 2 ∑ μi�z�t�� ∑ μk�z�t��rk=1ri=1 �i����� o±�a±�ap ±                                                       (3.10)                                           181 

¿�¯��, �À� = �����6E���� − ���� − ℎ��6E ��� − ℎ�� + ���� − ℎ��6� ��� − ℎ�� −���� − ℎ��6� ��� − ℎ�� + ���� − ℎ�� 6�  ��� − ℎ��- (1-������ − ����� 6�  ��� − ����� 182 
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+ (1-������ − ����� ��  ��� − ����� − ���� − ℎ����  ��� − ℎ�� + ℎ���� ���� �E�� ��� −183 ℎ� Â �� ��Á��E���Á��Á +ÀÀB¯Ã ®�̄ �� ���� ���� ��� − ®¯ Â �� ��Á������Á��Á                          ÀB¯ÃÀB¯Ä      (3.11) 184 

Since τ (t)∈ )ℎ� , ℎ�., we define ρ (t) = ( ℎ� − �����/®¯, ®¯ = ℎ� − ℎ� , and we use lemma 2.3 185 

to yield the following inequalities: 186 

-ℎ� Â �� ��Á��E���Á��Á ≤ o ������� − ℎ��p� o−�E �E∗ −�Ep o ������� − ℎ��pÀÀB¯Ã                                 (3.12) 187 

−®¯ Â �� ��Á����� �Á��ÁÀB¯ÃÀB¯Ä =−®¯ Â �� ��Á����� �Á��ÁÀBÅ�À�ÀB¯Ä −®¯ Â �� ��Á������Á��ÁÀB¯ÃÀBÅ�À�  188 

=− (ℎ� − ����)Â �� ��Á����� �Á��Á ÀBÅ�À�ÀB¯Ä - (����- ℎ�)Â �� ��Á������Á��ÁÀB¯ÃÀBÅ�À�  189 

− (1 − Ï���)®¯ Â �� ��Á������Á��ÁÀBÅ�À�ÀB¯Ä  −  Ï���®¯ Â �� ��Á����� �Á��ÁÀB¯ÃÀBÅ�À�  190 

≤ Ð ��� − ℎ����� − ℎ����� − �����Ñ� Ò−�� 0 ��∗ −�� ��∗ ∗ −2��Ó Ð ��� − ℎ����� − ℎ����� − �����Ñ 

- (1 − Ï���) ®¯ Â �� ��Á������Á��ÁÀBÅ�À�ÀB¯Ä - Ï���®¯ Â �� ��Á������Á��ÁÀB¯ÃÀBÅ�À�                          (3.13) 191 

In addition, by the Leibniz- Newton formula, we obtain the following equations for any real 192 

matrices ¡8;, p= 1, 2; q=1,2,…,6 with appropriate dimensions: 193 

0 = 2®¯�1 − Ï����É�¡� Ô��� − ����� − ��� − ℎ�� − Â ���Á��ÁÀBÅ�À�ÀB¯Ä Õ, 194 

0 = 2®¯Ï���É�¡� Ô��� − ℎ�� − ��� − ����� − Â ���Á��ÁÀB¯ÃÀBÅ�À� Õ,                                         (3.14) 195 ¡8 ≔ Ö×Ø{¡8� ¡8� ¡8U ¡8» ¡8· ¡8¸Ê, 196 

Adding the right hand side of (3.14) and (3.13), and combining with (3.10)-(3.12) yield the 197 

following inequality: 198 

¿� ��, �À� − v�t����t��� ≤ Ù μi�z�t�� Ù μk�z�t��r
k=1

r
i=1 {É�«�aÉ 

−®¯  �1 − Ï���� Â �É�¡� + �� ���������B��¡��É + �����Á���ÁÀBÅ�À�ÀB¯Ä −199 

®¯ Ï���� Â �É�¡� + �� ��������ÚB��¡��É +ÀB¯ÃÀBÅ�À�200 ���� �Á���ÁÊ                                                                                                                   (3.15) 201 

Where  202 «�a = �1 − Ï����«��§a + Ï���«��§a  «8�§a : = «�§a  + ¬−­8���­8 + ®¯¡8 + ²¯­8�¡8�°+ℎ��±�a� �E±�a+² �̄±�a� ��±�a + ®�̄ ¡8��ÚB�¡8       (3.16)                                                                                    203 

With ¡8, �¢ = 1,2�,  «�§a , ­� and  ­� are defined in (3.3). 204 

Notice that, since �� > 0, ρ (t) ∈ )0,1., (3.15) implies the following: 205 
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¿� ��, �À� − v�t����t��� ≤ ∑ μi�z�t�� ∑ μk�z�t��rk=1ri=1 É�«�aÉ                                           (3.17) 206 

Due to ρ (t) ∈ )0,1., «�a <0 if  «8�§a < 0, p=1, 2. According to schur’s complement, «8�§a < 0 is 207 

equivalent to the following LMIs: 208 

Û8�§a = ©̈©©
ª«�§a + ¬−­8���­8 + ®¯¡8­8 + ®¯­8�¡8�° ℎ�±�a� �E ®¯±�a� �� ²¯¡8∗ −�E 0 0∗ ∗ −�� 0∗ ∗ ∗ −�� ³́́

µ́ < 0, p=1,2 (3.18)   209 

And Û8�§a < 0 leads for � = �� ×Ü ��  ,  to the following: 210 

fÛ8�§aÝ = Û8�§a Þ�\�ß< 0; Ø =1, 2                                                                                                  (3.19) 211 

Notice that  212 Û8�§a = �àB ��àB�á Û8�§a� + �B�á �àB�á Û8�§a�                                                                                              (3.20) 213 

Therefore, the two LMIs (3.19) imply (3.18), and Û8�§a  are thus convex in � ∈ )��, ��., for 214 

p=1,2.  215 

Then if the two LMIs (3.18) are feasible, then «�a < 0. It follows from (3.17) that   216 ¿� ��, �À� − v�t����t��� < 0 

From the above analysis, it can be easily seen that the stability asymptotic of the error system 217 

can be obtained for t��� = 0, that is  218 ¿� ��, �À� < 0 

Next, assuming that �i��� = 0, for all � ∈ )−ℎ� , 0., we prove that the H∞ performance  219 ‖�‖� <  v‖t���‖� is also guaranteed for all nonzero t(t) ∈ 9�)0, ∞� and prescribed 220 

performance level γ>0. 221 

Since ∑ μi�z�t��ri=1 = 1, we can write ��������� = ∑ μi�z�t�� ∑ μk�z�t��rk=1ri=1 É�±Ua� ±UaÉ, one 222 

rewrites (3.17) in the following: 223 ¿� ��, �À� ≤ ∑ μi�z�t�� ∑ μk�z�t��rk=1ri=1 ºÉ�«ã�aÉ − ��������� + v�t����t���¼ ,                 (3.21)                                  224 

Where  225 «ã�a = �1 − Ï����«ã��§a + Ï���«ã��§a  «ã8�§a : = «�§a  + ¬−­8���­8 + ®¯¡8 + ®¯­8�¡8�°+ℎ��±�a� �E±�a+®�̄ ±�a� ��±�a + ®�̄ ¡8���B�¡8+±Ua� ±Ua      226 

                                                                                                                                              (3.22)                                                227 

If the condition (3.2) holds, then by using the schur complement we obtain «ã8�§a < 0  for p=1,2 228 

and consequently «ã�a < 0 because of ρ(t) ∈ )0,1.. 229 
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In the same way as above, we can show that Û8�§a < 0, �¢ = 1,2� are also convex in  230 

d ∈ )��, ��.. Thus, we have  231 

 ¿� ��, �À� ≤ −��������� + v�t����t���                                                                              (3.23) 232 

Integrating both sides of (3.23) from 0 to ∞ on t, and considering the zero initial condition, we 233 

obtains 234 Â ��������� < v� Â t����t����E�E                                                                                         (3.24) 235 

That is ‖�‖� <  v‖t‖� , 236 

Let  ¦g�a = «�§a − ­8���­8 + ®¯¡8­8 + ®¯­8�¡8� 237 ¦c�a = ¬ℎ�±�a� �E ®¯±�a� �� ®¯¡8 ±Ua� ° �g = �ä�å {�E, ��, ��, ­Ê 
æ�a = ¦g�a + ¦c�a�gB�¦c�a�

 

And let  238 ça = º��� , è� , �� , é� , ê� , ¤���/��� , è� , �� , é� , ê� , ¤��æ�a��� , è� , �� , é� , ê� , ¤��� < 0¼ 
Then  ∪a\�ì ça = ℝ·7Æ8/{0Ê 239 

Construct the following sets: 240 ç�̅ = ç�, ç�̅ = ç� − ç�̅, …, 241 ç�̅ = ç� −∪a\��B� ça̅, …, çì̅ = çì −∪a\�ìB� ça̅  242 

We get ∪a\�ìB� ça̅ = ℝ·7Æ8/{0Ê, ç�̅ ∩ ça̅ = ∅  ä ≠ ò                                                                (3.25) 243 

Now we construct the switching rule SR as σ = j  244 

When É = (�����, �e����, ���� − ℎ��, ���� − ℎ��, ���� − ��,t������ ∈ ça̅ , j∈ {1,2,,…,N}. So, 245 

when ξ ∈  ça̅ , the òÀ¯ subsystem is actived. 246 

This completes the proof.                                                                                                            ■   247 

In the following part, we present a new stability result for the filter error system (2.10) with 248 

uncertainties satisfying (2.5). 249 

Corollary 3.2 : Given a scalars 0 ≤ ℎ� ≤ ℎ�, �� ≤ �� and γ>0, the filter error system (2.10) 250 

is robustly stable, for all differentiable delay τ(t) ∈[ ℎ� , ℎ�. and has a prescribed �� 251 

performance level γ if there exist real symmetric matrices 6E > 0, 6� > 0, �E > 0, �� >252 

0, � = o�� ��∗ �Up > 0,  6� ≥ �� ≥ 0, real matrices ø8; , �¢ = 1,2; ¤ = 1,2, … ,6� with 253 

appropriate dimensions, and positive scalars y�, y�, yU such that the following  LMIs are feasible 254 

where � = ��, ��  255 
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¦8�§aù =
©̈©©
©©©
ª¦8�§a �� y�ú� �� y�ú� �U yUúU∗ −y�­ 0 0 0 0 0∗ ∗ −y�­ 0 0 0 0∗ ∗ ∗ −y�­ 0 0 0∗ ∗ ∗ ∗ −y�­ 0 0∗ ∗ ∗ ∗ ∗ −yU­ 0∗ ∗ ∗ ∗ ∗ ∗ −yU­³́́

´́́
µ́
<0                                            (3.26) 256 

Where ¦8�§a are define in (3.2), (3.3), (3.4) and  257 

�� = ¬���a� �� ���a� ��� 0 0 0 0 ℎ����a� �E ²¯���a� �� 0 0°�
 258 

�� = ¬���a� �¹�a� ��� ���a� �¹�a� �U 0 0 0 0 0 0 0 −���a� �¹�a� °�
 

�U = ¬0 0 0 0 0 0 0 0 0 �U�a� °�
                                                                  (3.27) 259 ú� = )û§E�a 0 0 0 û§��a û§��a 0 0 0 0.�, 260 

Proof: Replacing �§a, ��§a , ��§a, �§a,  ��§a, ��§a, 9§a, 9�§a ��� ��§a by �§a +��§a���, 261 ��§a + ���§a���, ��§a + ���§a���, �§a + ��§a���,   ��§a + ���§a���, ��§a + ���§a���, 262 9§a + �9§a���,  9�§a +  �9�§a��� ��� ��§a + ���§a��� in (3.2) respectively, using lemma 2.2 263 

and lemma 2.3 and by using the schur complement we obtain the LMI defined in (3.26). This 264 

completes the proof.                                                                                                                      ■                                                                                                                                       265 

4. Fuzzy H∞ filter design: 266 

In the sequel, the following theorem provides sufficient conditions for the existence of a filter 267 

in the form of (2.9) assuring an H∞ performance for system (3.1) and shows how to determine 268 

the filter parameter matrices. 269 

Theorem 4.1 :Given scalars 0 ≤ ℎ� ≤ ℎ�, �� ≤ �� and γ>0, the �� filter error design 270 

problem is sovable, for all differentiable delay τ(t)∈[ ℎ� , ℎ�., if there exist matrices �� > 0, 271 

U>0,6E > 0, 6� > 0, �E > 0, �� > 0, �� ≥ 0, 6� ≥ 0, and real matrices ü��a , ü��a , üU�a, ü»�a 272 �ä = 1, … , Ü; ò = 1, … , ü�,¡̂8� = Ö×Ø{¡8�� ¡̂8�� ¡8U� ¡8»� ¡8·� ¡8¸� Ê, �¢ = 1,2; ä =273 1, … , Ü�with appropriate dimensions such that the following LMIs are feasible where � =274 ��, ��  275 

i. U-�� < 0                                                                                                                             (4.1) 276 

ii. «8a�þ, �� =277 

©̈©©
©ª«ã:7a + ¬−­8���­8 + ®¯¡̂8:­8 + ®¯­8��¡̂8:��° ℎ��±�a:���E ®¯�±�a:���� ®¯¡̂8: �±Ua:��∗ −�E 0 0 0∗ ∗ −�� 0 0∗ ∗ ∗ −�� 0∗ ∗ ∗ ∗ −­ ³́́

´́µ<0 278 
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                                                                                                                                               (4.2) 279 

Where 280 «ã:7a

=
©̈©©
©©ª
¶e��a ¶e��a �E 0 ¶e�·a ¶e�¸a∗ ¶e��a 0 0 ¶e�·a ¶e�¸a∗ ∗ 6� − 6E + 6� − �E − �� 0 �� 0∗ ∗ ∗ −6� − �� − �� �� 0∗ ∗ ∗ ∗ −�1 − ���6� − ��� − 2�� 0∗ ∗ ∗ ∗ ∗ −v�­³́́

´́́
µ
 

¶e��a = ���:a + �:a� �� + ü�7a�:a + �:a� ü�7a� + 6E-�E 281 ¶e��a = ü�7a + �:a� ú + �:a� ü�7a� ;            ¶e��a=ü�7a + ü�7a�                 282 ¶e�·a = ����: + ü�7a��:a;         ¶e�·a = ú��:a + ü�7a�:a                                               (4.3) 283 ¶e�¸a = ���¾:a + ü�7a�¾:a;             ¶e�¸a = ú�¾:a + ü�7a�¾:a 284 ±�a: ≔ )�:a 0 0 0 �Å:a �¾:a. ±Ua: ≔ ¬9:a − ü»7a�:a −üU7a 0 0 9�:a − ü»7a��:a �¾:a − ü»7a�¾:a° 
Moreover, the filter matrices can be constructed by 285 �¹�a = ü��aúB�, �¹�a = ü��a , �¹�a = üU�aúB�, �¹�a = ü»�a  (i=1,2,…,r; j=1,2,…,N)              (4.4) 286 

Proof: Due to U>0, there exist a nonsingular real n×n matrix ��  and a real n×n matrix �U > 0 287 

such that U=���UB����. Defining   288 

J:=diag {I, ��B��U, ­, ­, ­, ­, ­, ­, ­, ­}                                                                                         (4.5) 289 

Left and right multiply «8a �ä, ��, ¢ = 1,2 defined in  (4.2) by �� and �, respectively, and take  290 ¡8� ≔ �U��B�¡̂8�, and 291 

                                    �̅�a = �2−1ü1äòú−1�2,      ���a = �2−1ü2äò, �̅�a = ü3äòú−1�2,       ���a = ü4äò,                                           (4.6)                                           292 

By replacing (�¹�a , �¹�a , �¹�a , �¹�a) in  ¦8�§a  , p=1,2 defined in (3.2) with (�̅�a , ���a , ��̅a , ���a), one 293 

yields ¦8�§a = ��«8a �ä, ��� , p=1,2                                                                                         (4.7)                                                        294 

So «8a  �ä, �� < 0 if  ¦8�§a < 0.On the other hand, it is clear from (4.1) that 295 

��-U=�� − ���UB���� > 0, applying schur complement yields o�� ��∗ �Up>0. Therefore, we can 296 

conclude from theorem 3.2 that the filter, that is,  297 

��̅� ��� = ∑ μi�z�t��ri=1 ���äò�̅��� + ��äòè�����̅��� = ∑ μi�z�t��ri=1 ���äò�̅��� + ��äòy�t�� f                                                                                       (4.8)          298 
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With (�̅�a , ���a , ��̅a , ���a� are defined in (4.6), guarantees that the filtering error system (3.1) to be 299 

asymptotically stable with a prescribed H∞ noise attenuation level γ. 300 

Next, let  �e��� = ���̅��� then from (4.8) we obtain the filter (2.9) with the matrices given by 301 

(4.4) 302 

Let  ¦g�a = «ã�§a − ­8���­8 + ®¯¡̂8� ­8 + ®¯­8�¡̂8� �
 303 ¦c�a = ¬ℎ�±��a� �E ®¯±��a� �� ®¯¡̂8 ±U�a� ° 

�g = �ä�å {�E, ��, ��, ­Ê 
æ�§a = ¦g�§a + ¦c�§a �gB�¦c�§a �

 

And let  304 ça = º��� , è� , �� , é� , ê� , ¤���/��� , è� , �� , é� , ê� , ¤��æ�§a ��� , è� , �� , é� , ê� , ¤��� < 0¼ 
Then  ∪a\�ì ça = ℝ·7Æ8/{0Ê 305 

Then we construct the set ça̅, j=1,…,N, and the switching rule in the same way as in the 306 

previous section. 307 

this completes the proof.                                                                                                            ■ 308 

Similar to corollary 3.2 , the following results is then obtained. 309 

Corollary 4.2: Given scalars 0 ≤ ℎ� ≤ ℎ�, �� ≤ �� and γ>0, the �� filter error design 310 

problem, for all differentiable delay τ(t) ∈[ ℎ�, ℎ�., is sovable if there exist matrices �� > 0, 311 

U>0,6E > 0, 6� > 0, �E > 0, �� > 0, �� ≥ 0, 6� ≥ 0,and real matrices 312 ü��a , ü��a , üU�a , ü»�a�ä = 1, … , Ü; ò = 1, … , ü�, ¡̂8� =313 Ö×Ø{¡8�� ¡̂8�� ¡8U� ¡8»� ¡8·� ¡8¸� Ê, �¢ = 1,2; ä = 1,2, … , Ü� with appropriate  dimensions, 314 

and positive scalars y�, y�, yU such that the following LMIs are feasible where � = ��, ��  315 

i. U-��<0                                                                                                                       (4.9) 316 

ii. «8�§aù =
©̈©©
©©©
ª«8a  �ä, �� �� y�ú� �� y�ú� �U yUúU∗ −y�­ 0 0 0 0 0∗ ∗ −y�­ 0 0 0 0∗ ∗ ∗ −y�­ 0 0 0∗ ∗ ∗ ∗ −y�­ 0 0∗ ∗ ∗ ∗ ∗ −yU­ 0∗ ∗ ∗ ∗ ∗ ∗ −yU­³́́

´́́
µ́
<0                         (4.10) 317 

Where «8a  �ä,��,��  ��� ú� are defined in (4.2) and (3.29) respectively. 318 

5. Examples: 319 
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In this section, tree examples are given to show the effectiveness of the proposed method and to 320 

compare with the literature results.  321 

Example 5.1 ([25], [26]):  Consider the following time-delay fuzzy system 322 

Rule 1:If ��(t) is W��, 323 

Then324 


��
�
x� �t� = ������� + ������� − ����� + �¾��^���                                                                                                            è��� = ������� + ������� − ����� + �¾��^���                                                                                                                                                                                  ���� = 9������ + 9������ − ����� + �¾��^���                                                                                                     x�t� = ϕ�t�                   t ∈ )−h+ , 0.                                                                                                                             

325 

And  326 

Rule 2:If ��(t) is W��, 327 

Then328 


��
�
x� �t� = ������� + ������� − ����� + �¾��^���                                                                                                           è��� = ������� + ������� − ����� + �¾��^���                                                                                                                                                                                 ���� = 9������ + 9������ − ����� + �¾��^���                                                                                                     x�t� = ϕ�t�                   t ∈ )−h+ , 0.                                                                                                                             

329 

With ��� = Ô−2.1 0.11 −2Õ; ��� = Ô−1.9 0−0.2 −1.1Õ; ���� = Ô−1.1 0.1−0.8 −0.9Õ; 330 

 ���� = Ô−0.9 0−1.1 −1.2Õ; �¾�� = Ô 1−0.2Õ; �¾�� = Ô0.30.1Õ; ��� = )1 0.; ��� = )0.5 −0.6.; 331 

 ���� = )−0.8 0.6.; ���� = )−0.2 1.;�¾�� = 0.3;  �¾�� = −0.6; 9�� = )1 −0.5.;  332 9�� = )−0.2 0.3.; 9��� = )0.1 0.; 9��� = )0 0.2.; �¾�� = 0; �¾�� = 0; 333 

Our purpose is to determine the minimum H∞ prescribed attenuation level γ for which the 334 

system is asymptotically stable. Table 1 lists the results from various values of  ℎ� when ℎ� =335 0.3. Table 2 lists the results from various values of  ℎ�when  ℎ� = 0.2. It is clear that the results 336 

obtained from our method are better than those obtained from existing methods [25], [26]. 337 

Table1: Minimum values of H∞ performance γ for given delay ℎ� with ℎ� = 0.3 338 

 ℎ�=1 ℎ�=0.8 ℎ�=0.6 ℎ�=0.5 
γ [25] 0.37 0.35 0.34 0.34 
γ [26] 0.3481 0.3405 0.3322 0.3264 
γ (theorem 4.1) 0.2116 0.2007 0.1853 0.1750 
 339 

 340 

 341 
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Table2: Minimum values of H∞ performance γ for given delay ℎ� with ℎ� = 0.2 342 

 343 

 ℎ�=1 ℎ�=0.8 ℎ�=0.6 ℎ�=0.5 
γ [26] 0.3307 0.3244 0.3158 0.3148 

γ (theorem 4.1) 0.2124 0.2014 0.1857 0.1751 

For ℎ� = 0.3, ℎ� = 1, the filter parameters as given as follows: 344 

�¹�� = Ô −7.9117 −3.74695.5546 0.9479 Õ;�¹�� = Ô−2.2407   −0.31090.0384 −1.9337Õ ; �¹�� = Ô−0.45510.3802 Õ; 345 

 �¹�� = Ô−0.13210.2398 Õ;�¹�� = )−7.7611 −2.3596.; �¹�� = )0.0481   −1.9574.; 346 

 347 

Example 5.2 [22]: In this example two cases are presented to demonstrate the effectiveness of 348 

the proposed approach presented in this paper.  349 

Case 1: consider a time varying delay switched nominal system (3.1), where  ℎ� = 0.2 ,  350 �� = 0 , �� = 0.4, v=2 with the following two subsystems  351 

Subsystem 1 is described by 352 

��� = Ô−2 00 −0.9Õ ; ���� = Ô−1 00 −1Õ ; �¾�� = Ô01Õ ; ��� = )1 0.; ���� = )0 1.; 
�¾�� = 1; 9�� = )1 2.; 9��� = )1 0.; �¾�� = 0.1 ; 
And subsystem 2 is described by 353 

��� = Ô−2 00 −0.7Õ ; ���� = Ô−1 0−1 −1Õ ; �¾�� = Ô−0.52 Õ ; ��� = )0 1.; ���� = )1 2.; 
�¾�� = 1;  9�� = )2 1.; 9��� = )0 1.; �¾�� = 0.2; 
Applying the results of [22], the maximum time delay ℎ� is found to be ℎ� = 0.6. Applying 354 

theorem 4.1 of this paper we obtain ℎ� = 09030. It is easy to verify that the results in this 355 

paper are less conservative than the ones obtained in [22].  356 

And the filter parameters as follows: 357 

�¹�� = 10U × Ô0.5513 −7.47230.2242 −3.0191Õ; �¹�� = Ô−4.2492−1.1140Õ �¹�� = 10U × )0.1523 −2.0473.;  �¹�� = −0.2272 
 �¹�� = 10» × Ô0.0948 −1.27680.0408 −0.5489Õ;  �¹�� = Ô−3.3350−0.9112Õ �¹�� = 10U × )0.2306 −3.0986.;  �¹�� = 0.6106 
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Case 2: consider a time varying delay switched nominal system (3.1), whereℎ� = 0.3 , �� =358 0 , �� = 0, v=8.    with the following two subsystems  359 

Subsystem 1 is described by 360 

��� = Ô−0.2 00 −0.8Õ ; ���� = Ô−1 0−1 −1Õ ; �¾�� = Ô01Õ ; ��� = )1 0.; ���� = )0 1.; 
�¾�� = 1; 9�� = )1 0.; 9��� = )1 0.; �¾�� = 0.1 ; 
And subsystem 2 is described by 361 

��� = Ô−0.1 00 −1Õ ; ���� = Ô−1 00 −1Õ ; �¾�� = Ô−0.51 Õ ; ��� = )0 1.; ���� = )1 0.; 
�¾�� = 1;  9�� = )1 1.; 9��� = )0 1.; �¾�� = 0.1; 
Computing the upper bound ℎ� of time delay, we obtain by applying our results and those of 362 

[22], ℎ� =1.4270 and ℎ�  =1 respectively.  It is easy to verify that the results in this paper are 363 

less conservative than the ones obtained in [22]. The filter parameters as follows: 364 

�¹�� = Ô0 − 3.2600 1.5006−1.2327 0.0318Õ; �¹�� = Ô−0.20921.1343 Õ �¹�� = )−1.8983 0.4018.;  �¹�� = 0.0290 
 �¹�� = Ô−1.0478 0.81902.3136 −3.5177Õ;  �¹�� = Ô 1.0905−0.8014Õ �¹�� = )−0.3187 −0.5311.;  �¹�� = −0.6148 

Example 5.3: In this section, we provide a simulation example to illustrate the H∞ filter design 365 

approach developed in the previous section. The uncertain switched time-delay T–S fuzzy 366 

system considered in this example is described with two rules: 367 

For the subsystem 1 368 

Plant Rule 1:If z1 (t) is �� 369 


��
�
 �� ��� = ��11 + ��11�������� + ���11 + ���11������� − ����� + ��^11 + ��^11����t���                                   è��� = ��11 + ��11�������� + ���11 + ���11������� − ����� + ��^11 + ��^11����t���                                   ���� = �911 + �911�������� + �9�11 + �9�11������� − ����� + ��^11 + ��^11����t���                                      ���� = ����       � ∈ )−ℎ� , 0.    ä = 1, … . , Ü                                                                                                                     
And  370 

Plant Rule 2:If z2 (t) is �� 371 
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��
�
 �� ��� = ��21 + ��21�������� + ���21 + ���21������� − ����� + ��^21 + ��^21����t���                                   è��� = ��21 + ��21�������� + ���21 + ���21������� − ����� + ��^21 + ��^21����t���                                   ���� = �921 + �921�������� + �9�21 + �9�21������� − ����� + ��^21 + ��^21����t���                                      ���� = ����       � ∈ )−ℎ� , 0.    ä = 1, … . , Ü                                                                                                                     
For the subsystem 2 372 

Plant Rule 1:If z1 (t) is �� 373 


��
�
 ����� = ���� + ������������ + ����� + ��Å��������� − ����� + ��¾�� + ��¾������t���                            è��� = ���� + ������������ + ����� + ������������ − ����� + ��¾�� + ��¾������t���                             ���� = �9�� + �9���������� + �9��� + �9���������� − ����� + ��¾�� + ��¾������t���                               ���� = ����       � ∈ )−h� , 0.    ä = 1, … . , Ü                                                                                                                
And  374 

Plant Rule 2:If ��(t) is �� 375 


��
�
 ����� = ���� + ������������ + ����� + ������������ − ����� + ��¾�� + ��¾������t���                           è��� = ���� + ������������ + ����� + ������������ − ����� + ��¾�� + ��¾������t���                            ���� = �9�� + �9���������� + �9��� + �9���������� − ����� + ��¾�� + ��¾������t���                               ���� = ����       � ∈ )−h� , 0.    ä = 1, … . , Ü                                                                                                                
Where ��� = Ô17 −10 −9Õ ; ���� = Ô −10 0−0.15 −1Õ ; �¾�� = Ô 0−2Õ ; ��� = )−1 0.; 376 

���� = )0 1.;�¾�� = 0.3;  9�� = )−0.2 0.3.; 9��� = )1 0.; �¾�� = −0.5;  377 

��� = Ô−19 00 −9Õ ; ���� = Ô 1 00.05 −1Õ; �¾�� = Ô 0−2Õ ; ��� = )−0.21 0.; 378 

���� = )0 1.;  �¾�� = 0.3;  9�� = )−0.2 0.3.;  9��� = )0 1.; �¾�� = −0.02; 
��� = Ô−12 0−0.5 −9Õ ; ���� = Ô−10 0−1 −1Õ ; �¾�� = Ô−0.5−2 Õ ; ��� = )0 1.; 379 

���� = )1 2.; �¾�� = 0.3; 9�� = )−0.2 0.3.;  9��� = )1 0.;  �¾�� = −0.15; 
��� = Ô−12 00 −9Õ ; ���� = Ô−0.0021 0−1 −1Õ ; �¾�� = Ô−0.5−0.2Õ ; ��� = )0 1.;  380 

���� = )1 2.; �¾�� = −0.6; 9�� = )−0.2 0.3.; 9��� = )0 −1.; �¾�� = 0.6; 
The membership functions of �� and ��  are, respectively, described by 381 

������t�� = b−1            �×Ü �� < −1�� + �� ��  �×Ü |��| ≤ 11            �×Ü �� > 1 f   And  ������t�� = b0            �×Ü �� < −1�� + �� ��  �×Ü |��| ≤ 11            �×Ü �� > 1 f 382 
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The parameter uncertainties ���a���, ��Å�a���, ��¾�a���, ���a���, ����a���, ��¾�a���, �9�a���,383 �9��a��� ��� ��¾�a���, i=1,2, j=1,2 are assumed to satisfy (2.5) and (2.6) with 384 

���� = Ô 0−0.5Õ ; û�E�� = )0 0.3.;  û���� = )0.2 0.;  û���� = 0.1; ���� = 0.8; 
û�E�� = )0 0.3.;  û���� = )0.2 0.;  û���� = 0.1; �U�� = 0.002; 
ûUE�� = )0.1 0.;  ûU��� = )0.1 0.;  ûU��� = 0.1; 
���� = Ô 00.3Õ ;  û�E�� = )0.5 0.; û���� = )0 −0.2.;  û���� = 0.2; ���� = 0.6; 
û�E�� = )0.5 0.; û���� = )0 −0.2.;  û���� = 0.2; �U�� = 0.001; ûUE�� = )0.2 0.; 
ûU��� = )0.2 0.;  ûU��� = −0.5; 
���� = Ô 0−0.5Õ ;  û�E�� = )0 0.3.; û���� = )0.2 0.;  û���� = 0.1; ���� = 0.8; 
û�E�� = )0 0.3.; û���� = )0.2 0.;  û���� = 0.1; �U�� = 0.004; ûUE�� = )0.1 0.; 
ûU��� = )0.1 0.;  ûU��� = −0.2; ���� = Ô 00.3Õ ;  û�E�� = )0.5 0.; û���� = )0 −0.2.; 
û���� = 0.2; ���� = 0.6; û���� = )0.5 0.; û���� = )0 −0.2.;  û���� = 0.2; 
�U�� = 0.002; ûUE�� = )0.2 0.; ûU��� = )0.2 0.;  ûU��� = −0.2; 
Given ℎ� = 0, �� = 0 , �� = 0.2 and the upper bound ℎ� =  4.2 385 

The purpose of this example is to design a stable switched fuzzy filter such that the filtering 386 

error system is stable and satisfies a prescribed H∞ performance level by using corollary 4.2. In 387 

this example, the H∞ performance level is specified to be 0.9 8 : For this purpose, we resort to 388 

the Matlab LMI Control Toolbox to solve the LMIs in (4.16), we can obtain the filter 389 

parameters as follows: 390 

�¹�� = Ô−217.0968 −124.6463−14.7098 −125.1392Õ; �¹�� = Ô0.01470.0052Õ �¹�� = )−3.7125 5.7636.;  �¹�� =-0.0025 
 �¹�� = Ô−283.1316 −67.53791.6472 −135.6281Õ; �¹�� = Ô0.00380.0086Õ �¹�� = )1.0019 −10.2763.;  �¹�� =0.0140 
 �¹�� = Ô−13.8393 58.5614−0.7136 −136.5757Õ; �¹�� = Ô 0.041−0.0073Õ �¹�� = )7.6017 −25.5315.;  �¹�� =-4.5541× 10B· 
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�¹�� = Ô−153.6803 −20.050−4.1752 −154.7375Õ; �¹�� = Ô−0.0102−0.0178Õ �¹�� = )3.5613 −24.1776.;  �¹�� =-0.0392 

 391 

6. Conclusion: 392 

In the paper, we have studied the problem of H∞ filter for switched T-S fuzzy system with 393 

interval time-varying delay is investigated. A new method has been proposed to solve H∞ filter 394 

design problem by employing convexity of the matrix function. Attention has been focused on 395 

the design of an H∞ filter so that the filter error system is asymptotically stable and a given H∞ 396 

disturbance attenuation level is guaranteed. The obtained results are less conservative than the 397 

existing ones. Numerical examples show the effectiveness and the less conservativeness of the 398 

proposed method. 399 

 400 
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