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Abstract. 
The problem of robust 
	
		
			

				𝐻
			

			

				∞
			

		
	
 control for a class of uncertain switched fuzzy time-delay systems is discussed for system described by T-S fuzzy model with Lyapunov stable theory and linear matrix inequality approach. A sufficient condition in terms of the LMI is derived such that the stability of the closed-loop systems is guaranteed. The continuous state feedback controller is built to ensure the asymptotically stable closed-loop system for all allowable uncertainties, with the switching law designed to implement the global asymptotic stability of uncertain switched fuzzy time-delay systems. In this model, each and every subsystem of the switched systems is an uncertain fuzzy one to which the parallel distributed compensation 
(PDC) controller of each sub fuzzy system system is proposed with its main condition given in a more solvable form of convex combinations. Such a switched control system is highly robust to varying parameters. A simulation shows the feasibility and effectiveness of the design method.


1. Introduction 
In recent years, as intelligent control method, the research of the fuzzy system has been paid extensive attention [1–3]. The T-S model which is a fuzzy system is the most effective system model. This paper is focused on a class of uncertain switched time-delay systems, in which each subsystem is T-S fuzzy model. The T-S fuzzy model is a kind of fuzzy system proposed by Sugeno et al. [4, 5], which is described by a set of fuzzy IF-THEN rules representing local linear input-output relations of a nonlinear system. The main idea of T-S fuzzy model is to express the local dynamics of each fuzzy rule by a linear system model and to express the overall system by fuzzy “blending” of the local linear system models. The stability studies based on this model fuzzy system have had yielded fruitful results [6–10]. Recently, considerable effort [11–13] has been contributed to the problem of 
	
		
			

				𝐻
			

			

				∞
			

		
	
 robust fuzzy control for a class of nonlinear systems that can be represented by T-S fuzzy models.
On the other hand, switched systems are an important class of hybrid systems. A switched system consists of a number of subsystems, both continuous time and discrete time dynamic systems, and a switching law, which orchestrates the switching between the subsystems. The applications in robot control systems, computer disc drives, and other engineering systems indicate that switched systems have extensive practice background. Therefore, it has the important theoretical significance and practical value, which has yielded fruitful research results [14–20]. A switched system is called a switched fuzzy system if all subsystems are fuzzy systems. This class of systems can often more precisely describe continuous dynamics and discrete dynamics as well as their interactions in actual systems. Compared with the results on stability of switched systems and those of fuzzy control systems, the results on switched fuzzy systems are very few. Reference [21] presents a novel switched T-S fuzzy control design approach based on control Lyapunov function. Reference [22] advances a fuzzy-basis-dependent and mode-dependent Lyapunov function to study the problems of stability analysis and 
	
		
			

				𝐻
			

			

				∞
			

		
	
 controller design for discrete-time switched fuzzy systems.
This paper will study the problem of designing state feedback 
	
		
			

				𝐻
			

			

				∞
			

		
	
 controllers for continuous-time T-S switched fuzzy systems. A new type of state feedback controllers, namely, switched parallel distributed compensation (PDC) controllers, are proposed, which are switched based on the values of membership functions. The problem begins with the representation models for switched systems. The design method inherits some hybrid features and presents the information of fuzzy system. The delay-independent sufficient condition in terms of the LMI is derived such that the quadratic stability of the closed-loop systems is guaranteed. The state feedback controller is built to ensure the asymptotically stable closed-loop system for all allowable uncertainties, with the switching law designed to implement the global asymptotic stability of uncertain fuzzy time-delay switched systems. In this model, each and every subsystem of the switched systems is an uncertain fuzzy one to which the PDC controller of each sub fuzzy system system is proposed with its main condition given in a more solvable form of convex combinations. Numerical example is given to illustrate the effectiveness of the proposed method.
2. Problem Formulation 
In this section, we consider the continuous uncertain switched fuzzy time-delay model; namely, every subsystem of switched systems is uncertain fuzzy time-delay system. Consider the following:
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 is the switching signal to be designed (Figure 1).


	
		
	
	
	
	
		
	
	
	
	
		
	
	
	
	
		
	
	
	
	
		
	
	
	
	
		
	
	
	
	
		
	
	
	
	
		
	
	
	
	
		
	
	
	
	
		
	
	
		
		
	
	
		
	
	
	
	
		
		
		
	
	
	
	
	
		
	
	
	
	
		
		
		
	
	
	
	
	
		
	
	
	
	
	
		
		
		
	
	
		
	
	
	
	
	
	
		
	
	
		
	

Figure 1: The switching signal.



	
		
			

				𝑀
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 denote fuzzy sets in the 
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				t
				h
			

		
	
 switched subsystem. 
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 denotes the 
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				h
			

		
	
 fuzzy inference rule in the 
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				t
				h
			

		
	
 switched subsystem. 
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 is the number of inference rules in the 
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				t
				h
			

		
	
 switched subsystem, and fuzzy rules are selected in every switched subsystem. 
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 is the state variable vector, 
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 is the input variable, 
	
		
			
				𝑧
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 is output variable vector, 
	
		
			
				𝑤
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 is external disturbance of the switched systems, and satisfies 
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 is the delay constant, and satisfies 
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, and 
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 are known constant matrices of appropriate dimensions of the 
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 switched subsystem. 
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 and 
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 are the uncertain matrices corresponding to the 
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				h
			

		
	
 switched subsystem with appropriate dimensions. 
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				(
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 denotes a differentiable vector-valued initial function. 
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				𝑡
				)
				,
				…
				,
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 are the premise variables.
In this paper, the switching signal 
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 is state dependent; namely, 
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				∈
			

			
				
			
			

				𝑁
			

		
	
, the switching signal 
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, and the switching signal is totally described by 
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				𝑛
			

		
	
 will be designed later.
Through the function 
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, the global model of the 
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 switched subsystem is described by
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Also, 
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				(
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 denotes the membership function, and 
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				)
			

		
	
 belongs to the fuzzy set 
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				𝑖
				𝜌
			

		
	
.
Definition 1. The 
	
		
			

				𝐻
			

			

				∞
			

		
	
 control problem for the switched fuzzy system (1) is stated as follows.Let a constant  
	
		
			
				𝛾
				>
				0
			

		
	
 be given. Find a continuous state feedback controller 
	
		
			
				𝑢
				=
				𝑢
				(
				𝑥
				)
			

		
	
 for each subsystem and a switching law 
	
		
			
				𝑖
				=
				𝜎
				(
				𝑡
				)
			

		
	
 such that(1)the closed-loop system is asymptotically stable when 
	
		
			
				𝑤
				(
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,(2)the output 
	
		
			

				𝑧
			

		
	
 satisfies 
	
		
			
				‖
				𝑧
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				[
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				<
				𝛾
				‖
				𝑤
				‖
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				[
				0
				,
				𝑇
				]
			

		
	
 under the zero initial condition.
3. Main Results
Assumption 2. The uncertainties can be represented and emulated as
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 is an unknown time-varying matrix satisfying 
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				𝑖
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				)
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				𝑖
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				(
				𝑡
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				<
				𝐼
			

		
	
,  for all  
	
		
			
				𝑡
				≥
				0
			

		
	
.
Here, the PDC fuzzy controller design method is used for each sub fuzzy system namely, fuzzy controller and system (2) have the same fuzzy inference premise variables. Consider the following:
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Thus, the global controller is
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				𝑡
				)
				=
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				
			

			
				𝑖
				=
				1
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				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑁
			

			

				𝑖
			

			

				
			

			
				𝑙
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				(
				𝜉
				(
				𝑡
				)
				)
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				𝑥
				(
				𝑡
				)
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The global closed-loop system can be expressed as follows:
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				𝑙
				=
				1
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				𝑖
				𝑙
			

			
				×
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				(
				𝑡
				)
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				𝑖
			

			

				
			

			
				ℎ
				=
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				𝜂
			

			
				𝑖
				ℎ
			

			
				𝐴
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				𝜉
				(
				𝑡
				)
				)
				
				
			

			
				𝑖
				𝑙
			

			
				+
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				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				ℎ
			

			
				+
				Δ
				𝐴
			

			
				𝑖
				𝑙
			

			
				
				+
				
				𝐴
				(
				𝑡
				)
				𝑥
				(
				𝑡
				)
			

			
				𝑑
				𝑖
				𝑙
			

			
				+
				Δ
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			
				
				(
				𝑡
				)
				𝑥
				(
				𝑡
				−
				𝑑
				)
				+
				𝐵
			

			
				1
				𝑖
				𝑙
			

			
				
				,
				𝑧
				𝑤
				(
				𝑡
				)
				(
				𝑡
				)
				=
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑁
			

			

				𝑖
			

			

				
			

			
				𝑙
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				(
				𝜉
				(
				𝑡
				)
				)
				𝐶
			

			
				𝑖
				𝑙
			

			
				[
				]
				𝑥
				(
				𝑡
				)
				,
				𝑥
				(
				𝑡
				)
				=
				𝜑
				(
				𝑡
				)
				,
				∀
				𝑡
				∈
				−
				𝑑
				,
				0
				,
				𝑖
				=
				1
				,
				2
				,
				…
				,
				𝑛
				,
				ℎ
				,
				𝑙
				=
				1
				,
				2
				,
				…
				,
				𝑁
			

			

				𝑖
			

			

				.
			

		
	

Lemma 3 (see [23]).  Let 
	
		
			

				𝑅
			

			

				1
			

		
	
 and 
	
		
			

				𝑅
			

			

				2
			

		
	
 be real matrices of appropriate dimensions, with 
	
		
			

				Σ
			

			

				𝑇
			

			
				(
				𝑡
				)
				Σ
				(
				𝑡
				)
				≤
				𝐼
			

		
	
; then, one has that for any scalar 
	
		
			
				𝛼
				>
				0
			

		
	
,
							
	
 		
 			
				(
				7
				)
			
 		
	

	
		
			

				𝑅
			

			

				1
			

			
				Σ
				(
				𝑡
				)
				𝑅
			

			

				2
			

			
				+
				𝑅
			

			
				𝑇
				2
			

			

				Σ
			

			

				𝑇
			

			
				(
				𝑡
				)
				𝑅
			

			
				𝑇
				1
			

			
				≤
				𝛼
				𝑅
			

			

				1
			

			

				𝑅
			

			
				𝑇
				1
			

			
				+
				𝛼
			

			
				−
				1
			

			

				𝑅
			

			
				𝑇
				2
			

			

				𝑅
			

			

				2
			

			

				.
			

		
	

Lemma 4 (Schur complement).  The matrix 
	
		
			

				
			

			
				𝑅
				𝑄
				𝑅
			

			

				𝑇
			

			

				𝑆
			

			
				
				<
				0
			

		
	
 is symmetrical matrix, and then the following two functions are equivalent:
							
	
 		
 			
				(
				8
				)
			
 		
	

	
		
			
				𝑆
				<
				0
				,
				𝑄
				−
				𝑅
				𝑆
			

			
				−
				1
			

			

				𝑅
			

			

				𝑇
			

			
				<
				0
				,
				𝑜
				𝑟
				𝑄
				<
				0
				,
				𝑆
				−
				𝑅
				𝑄
			

			
				−
				1
			

			

				𝑅
			

			

				𝑇
			

			
				<
				0
				.
			

		
	

Theorem 5.  Let a constant 
	
		
			
				𝛾
				>
				0
			

		
	
 be given. If there exist the symmetric positive definite matrices 
	
		
			
				𝑋
				,
				𝑄
			

			

				𝑖
			

			
				∈
				𝑅
			

			
				𝑛
				×
				𝑛
			

		
	
, scalar 
	
		
			
				𝜀
				,
				𝜀
			

			

				1
			

			
				,
				𝜀
			

			

				2
			

			
				>
				0
			

		
	
, 
	
		
			

				𝛼
			

			

				𝑖
			

			
				(
				𝛼
			

			

				𝑖
			

			
				∑
				∈
				[
				0
				,
				1
				]
				,
			

			
				𝑛
				𝑖
				=
				1
			

			

				𝛼
			

			

				𝑖
			

			
				=
				1
				)
			

		
	
, and the matrices 
	
		
			

				𝑊
			

			
				𝑖
				ℎ
			

		
	
 satisfying 
	
 		
 			
				(
				9
				)
			
 		
	

	
		
			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝛼
			

			

				𝑖
			

			
				⎡
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎣
				
				𝐴
			

			
				𝑖
				𝑙
			

			
				𝑋
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝑊
			

			
				𝑖
				ℎ
			

			

				
			

			

				𝑇
			

			
				+
				
				𝐴
			

			
				𝑖
				𝑙
			

			
				𝑋
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝑊
			

			
				𝑖
				ℎ
			

			
				
				+
				𝑄
			

			

				𝑖
			

			
				𝐸
				∗
				∗
				∗
				∗
				∗
				0
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝐹
				−
				𝜀
				𝐼
				0
				0
				0
				0
				0
			

			
				1
				𝑖
				𝑙
			

			
				𝑋
				0
				−
				𝜀
			

			
				1
				−
				1
			

			
				𝐶
				𝐼
				0
				0
				0
				0
			

			
				𝑖
				𝑙
			

			
				𝐵
				𝑋
				0
				0
				−
				𝐼
				0
				0
				0
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				0
				0
				0
				−
				𝛾
			

			

				2
			

			
				𝐼
				0
				0
				0
				0
				0
				0
				0
				−
				𝜀
			

			
				2
				−
				1
			

			
				𝐼
				∗
				𝑋
				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				0
				0
				0
				0
				𝑋
				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			
				−
				𝑄
			

			

				𝑖
			

			
				⎤
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎦
				<
				0
				,
			

		
	
then system (6) is globally asymptotically stable, and 
	
		
			

				𝐻
			

			

				∞
			

		
	
 robust control problem is solvable under the switching law 
	
		
			
				𝜎
				(
				𝑡
				)
			

		
	
, where 
	
		
			

				𝜀
			

			
				−
				1
			

			
				=
				𝜀
			

			
				1
				−
				1
			

			
				+
				𝜀
			

			
				2
				−
				1
			

		
	
. So, the gain matrices of switched fuzzy controllers and the switching law are given as follows: 
	
 		
 			
				(
				1
				0
				)
			
 			
				(
				1
				1
				)
			
 		
	

	
		
			

				𝐾
			

			
				𝑖
				ℎ
			

			
				=
				𝑊
			

			
				𝑖
				ℎ
			

			

				𝑋
			

			
				−
				1
			

			
				,
				𝜎
				(
				𝑡
				)
				=
				a
				r
				g
				m
				i
				n
			

			
				𝑖
				∈
			

			
				
			
			

				𝑁
			

			
				m
				a
				x
			

			
				𝑙
				,
				ℎ
			

			
				⎧
				⎪
				⎨
				⎪
				⎩
				𝑥
			

			

				𝑇
			

			
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑅
			

			
				𝑖
				𝑙
				ℎ
			

			
				+
				𝛾
			

			
				−
				2
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				+
				𝐶
			

			
				𝑖
				𝑙
			

			

				𝐶
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				⎤
				⎥
				⎥
				⎥
				⎦
				𝑥
				,
				𝑙
				,
				ℎ
				=
				1
				,
				2
				,
				…
				,
				𝑁
			

			

				𝑖
			

			
				⎫
				⎪
				⎬
				⎪
				⎭
				,
			

		
	
where                     
							
	
 		
 			
				(
				1
				2
				)
			
 		
	

	
		
			
				𝑃
				=
				𝑋
			

			
				−
				1
			

			
				,
				𝑅
			

			
				𝑖
				𝑙
				ℎ
			

			
				=
				
				𝐴
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				ℎ
			

			

				
			

			

				𝑇
			

			
				
				𝐴
				𝑃
				+
				𝑃
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				ℎ
			

			
				
				+
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			
				−
				1
			

			
				𝑃
				𝐸
			

			
				𝑇
				𝑖
				𝑙
			

			

				𝐸
			

			
				𝑖
				𝑙
			

			
				𝑃
				+
				𝜀
			

			

				1
			

			

				𝐹
			

			
				𝑇
				1
				𝑖
				𝑙
			

			

				𝐹
			

			
				1
				𝑖
				𝑙
			

			

				.
			

		
	

Proof. We define 
	
		
			

				𝐾
			

			
				𝑖
				ℎ
			

			
				=
				𝑊
			

			
				𝑖
				ℎ
			

			

				𝑋
			

			
				−
				1
			

		
	
 and 
	
		
			

				𝑆
			

			

				𝑖
			

			
				=
				𝑋
			

			
				−
				1
			

			

				𝑄
			

			

				𝑖
			

			

				𝑋
			

			
				−
				1
			

		
	
.So, choose the Lyapunov function as follows: 
							
	
 		
 			
				(
				1
				3
				)
			
 		
	

	
		
			
				𝑉
				(
				𝑡
				)
				=
				𝑥
			

			

				𝑇
			

			
				
				(
				𝑡
				)
				𝑃
				𝑥
				(
				𝑡
				)
				+
			

			
				𝑡
				𝑡
				−
				𝑑
			

			

				𝑥
			

			

				𝑇
			

			
				(
				𝜏
				)
				𝑆
			

			

				𝑖
			

			
				𝑥
				(
				𝜏
				)
				𝑑
				𝜏
				.
			

		
	

						We now compute the time derivative of the function (13):
							
	
 		
 			
				(
				1
				4
				)
			
 		
	

	
		
			
				̇
				𝑉
				(
				𝑡
				)
				=
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑁
			

			

				𝑖
			

			

				
			

			
				𝑙
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				×
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				ℎ
			

			
				
				𝑥
				(
				𝑡
				)
			

			

				𝑇
			

			
				
				
				𝐴
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				𝑙
			

			

				
			

			

				𝑇
			

			
				
				𝐴
				𝑃
				+
				𝑃
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				𝑙
			

			
				
				+
				Δ
				𝐴
			

			
				𝑇
				𝑖
				𝑙
			

			
				(
				𝑡
				)
				𝑃
				+
				𝑃
				Δ
				𝐴
			

			
				𝑖
				𝑙
			

			
				(
				𝑡
				)
				+
				𝑆
			

			

				𝑖
			

			
				
				𝑥
				+
				𝑥
			

			

				𝑇
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			
				𝑤
				+
				𝑤
			

			

				𝑇
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				𝑥
				+
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑇
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				𝑥
				+
				𝑥
			

			

				𝑇
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			
				𝑥
				(
				𝑡
				−
				𝑑
				)
				+
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑇
			

			
				Δ
				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				𝑥
				+
				𝑥
			

			

				𝑇
			

			
				Δ
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			
				𝑥
				(
				𝑡
				−
				𝑑
				)
				−
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑇
			

			

				𝑆
			

			

				𝑖
			

			
				
				.
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

		
	
It follows from Lemma 3 that for any of scalars 
	
		
			

				𝜀
			

			

				1
			

			
				>
				0
			

		
	
 and 
	
		
			

				𝜀
			

			

				2
			

			
				>
				0
			

		
	
, we have that 
							
	
 		
 			
				(
				1
				5
				)
			
 		
	

	
		
			
				Δ
				𝐴
			

			
				𝑇
				𝑖
				𝑙
			

			
				(
				𝑡
				)
				𝑃
				+
				𝑃
				Δ
				𝐴
			

			
				𝑖
				𝑙
			

			
				(
				𝑡
				)
				=
				𝐹
			

			
				𝑇
				1
				𝑖
				𝑙
			

			

				Σ
			

			
				𝑇
				𝑖
			

			
				(
				𝑡
				)
				𝐸
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				+
				𝑃
				𝐸
			

			
				𝑖
				𝑙
			

			

				Σ
			

			

				𝑖
			

			
				(
				𝑡
				)
				𝐹
			

			
				1
				𝑖
				𝑙
			

			
				≤
				𝜀
			

			

				1
			

			

				𝐹
			

			
				𝑇
				1
				𝑖
				𝑙
			

			

				𝐹
			

			
				1
				𝑖
				𝑙
			

			
				+
				𝜀
			

			
				1
				−
				1
			

			
				𝑃
				𝐸
			

			
				𝑖
				𝑙
			

			

				𝐸
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑥
				𝑃
				,
			

			

				𝑇
			

			
				(
				𝑡
				−
				𝑑
				)
				Δ
				𝐴
			

			
				𝑇
				𝑖
				𝑙
			

			
				(
				𝑡
				)
				𝑃
				𝑥
				+
				𝑥
			

			

				𝑇
			

			
				𝑃
				Δ
				𝐴
			

			
				𝑖
				𝑙
			

			
				(
				𝑡
				)
				𝑥
				(
				𝑡
				−
				𝑑
				)
				=
				𝑥
			

			

				𝑇
			

			
				(
				𝑡
				−
				𝑑
				)
				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				Σ
			

			
				𝑇
				𝑖
				𝑗
			

			
				(
				𝑡
				)
				𝐸
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				𝑥
				+
				𝑥
			

			

				𝑇
			

			
				𝑃
				𝐸
			

			
				𝑖
				𝑙
			

			

				Σ
			

			
				𝑖
				𝑙
			

			
				(
				𝑡
				)
				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				𝑥
				(
				𝑡
				−
				𝑑
				)
				≤
				𝜀
			

			

				2
			

			

				𝑥
			

			

				𝑇
			

			
				(
				𝑡
				−
				𝑑
				)
				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				𝑥
				(
				𝑡
				−
				𝑑
				)
				+
				𝜀
			

			
				2
				−
				1
			

			

				𝑥
			

			

				𝑇
			

			
				𝑃
				𝐸
			

			
				𝑖
				𝑙
			

			

				𝐸
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				𝑥
				.
			

		
	

						When 
	
		
			
				𝑤
				(
				𝑡
				)
				=
				0
			

		
	
, the function (14) can be given as follows: 
	
 		
 			
				(
				1
				6
				)
			
 		
	

	
		
			
				̇
				𝑉
				(
				𝑡
				)
				≤
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑁
			

			

				𝑖
			

			

				
			

			
				𝑙
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				×
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				ℎ
			

			
				
				𝑥
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑇
			

			
				
				
				𝐴
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				𝑙
			

			

				
			

			

				𝑇
			

			
				𝑃
				
				𝐴
				+
				𝑃
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				𝑙
			

			
				
				+
				𝜀
			

			

				1
			

			

				𝐹
			

			
				𝑇
				1
				𝑖
				𝑙
			

			

				𝐹
			

			
				1
				𝑖
				𝑙
			

			
				+
				𝜀
			

			
				−
				1
			

			
				𝑃
				𝐸
			

			
				𝑖
				𝑙
			

			

				𝐸
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				+
				𝑆
			

			

				𝑖
			

			
				
				𝑥
				+
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑇
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				𝑥
				+
				𝑥
			

			

				𝑇
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			
				𝑥
				(
				𝑡
				−
				𝑑
				)
				−
				𝑥
			

			

				𝑇
			

			
				
				𝑆
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑖
			

			
				−
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				
				
				=
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				×
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				ℎ
			

			
				
				𝑥
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑇
			

			

				𝑥
			

			

				𝑇
			

			
				
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑅
				(
				𝑡
				−
				𝑑
				)
			

			
				𝑖
				𝑙
				ℎ
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				⎤
				⎥
				⎥
				⎥
				⎦
				×
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑥
				⎤
				⎥
				⎥
				⎥
				⎦
				.
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

		
	
That is,
							
	
 		
 			
				(
				1
				7
				)
			
 		
	

	
		
			
				̇
				𝑉
				(
				𝑡
				)
				≤
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				×
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				ℎ
			

			
				(
				𝜉
				(
				𝑡
				)
				)
				𝜁
			

			

				𝑇
			

			
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑅
				(
				𝑡
				)
			

			
				𝑖
				𝑙
				ℎ
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				⎤
				⎥
				⎥
				⎥
				⎦
				𝜁
				(
				𝑡
				)
				,
			

		
	

						where 
	
		
			
				
				𝜁
				(
				𝑡
				)
				=
			

			
				𝑥
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

			

				
			

		
	
. So, we need to prove that 
	
		
			

				
			

			

				𝑅
			

			
				𝑖
				𝑙
				ℎ
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				
				<
				0
			

		
	
, the closed-loop system (6) is asymptotically stable when 
	
		
			
				𝑤
				(
				𝑡
				)
				=
				0
			

		
	
.Inequalities (9) are pre- and postmultiplied by the transformation 
	
		
			
				d
				i
				a
				g
				{
				𝑃
				,
				𝐼
				,
				𝐼
				,
				𝐼
				,
				𝐼
				,
				𝐼
				,
				𝑃
				}
			

		
	
, respectively. In turn, we have tha following:
	
 		
 			
				(
				1
				8
				)
			
 		
	

	
		
			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝛼
			

			

				𝑖
			

			
				⎡
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎢
				⎣
				
				𝐴
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				ℎ
			

			

				
			

			

				𝑇
			

			
				𝑃
				
				𝐴
				+
				𝑃
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				ℎ
			

			
				
				+
				𝑆
			

			

				𝑖
			

			
				𝐸
				∗
				∗
				∗
				∗
				∗
				0
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝐹
				𝑃
				−
				𝜀
				𝐼
				0
				0
				0
				0
				0
			

			
				1
				𝑖
				𝑙
			

			
				0
				−
				𝜀
			

			
				1
				−
				1
			

			
				𝐶
				𝐼
				0
				0
				0
				0
			

			
				𝑖
				𝑙
			

			
				𝐵
				0
				0
				−
				𝐼
				0
				0
				0
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				0
				0
				0
				−
				𝛾
			

			

				2
			

			
				𝐼
				0
				0
				0
				0
				0
				0
				0
				−
				𝜀
			

			
				2
				−
				1
			

			
				𝐴
				𝐼
				∗
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				0
				0
				0
				0
				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			
				−
				𝑆
			

			

				𝑖
			

			
				⎤
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎥
				⎦
				<
				0
				.
			

		
	
Due to Lemma 4, inequality (18) can be changed as follows: 
							
	
 		
 			
				(
				1
				9
				)
			
 		
	

	
		
			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝛼
			

			

				𝑖
			

			
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑅
			

			
				𝑖
				𝑙
				ℎ
			

			
				+
				𝛾
			

			
				−
				2
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				+
				𝐶
			

			
				𝑖
				𝑙
			

			

				𝐶
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				⎤
				⎥
				⎥
				⎥
				⎦
				<
				0
				.
			

		
	

						So, for any 
	
		
			
				𝑥
				∈
				𝑅
			

			

				𝑛
			

			
				⧵
				{
				0
				}
			

		
	
,
	
 		
 			
				(
				2
				0
				)
			
 		
	

	
		
			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝛼
			

			

				𝑖
			

			
				⎧
				⎪
				⎨
				⎪
				⎩
				𝑥
			

			

				𝑇
			

			
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑅
			

			
				𝑖
				𝑙
				ℎ
			

			
				+
				𝛾
			

			
				−
				2
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				+
				𝐶
			

			
				𝑖
				𝑙
			

			

				𝐶
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				⎤
				⎥
				⎥
				⎥
				⎦
				𝑥
				⎫
				⎪
				⎬
				⎪
				⎭
				<
				0
				.
			

		
	
Due to the switching law (11), for all  
	
		
			
				𝑡
				≥
				0
			

		
	
, the inequality is tenable as follows:
							
	
 		
 			
				(
				2
				1
				)
			
 		
	

	
		
			

				𝑥
			

			

				𝑇
			

			
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑅
			

			
				𝑖
				𝑙
				ℎ
			

			
				+
				𝛾
			

			
				−
				2
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				+
				𝐶
			

			
				𝑖
				𝑙
			

			

				𝐶
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				⎤
				⎥
				⎥
				⎥
				⎦
				𝑥
				<
				0
				.
			

		
	
Let  
							
	
 		
 			
				(
				2
				2
				)
			
 		
	

	
		
			

				Ω
			

			

				𝑖
			

			
				=
				
				𝑥
				∈
				𝑅
			

			

				𝑛
			

			
				∣
				𝑥
			

			

				𝑇
			

			
				×
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑅
			

			
				𝑖
				𝑙
				ℎ
			

			
				+
				𝛾
			

			
				−
				2
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				+
				𝐶
			

			
				𝑖
				𝑙
			

			

				𝐶
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				⎤
				⎥
				⎥
				⎥
				⎦
				𝑥
				
				.
				<
				0
			

		
	

						Constructing the sets 
	
		
			
				
				Ω
			

			

				1
			

			
				=
				Ω
			

			

				1
			

			
				
				Ω
				,
				…
				,
			

			

				𝑛
			

			
				=
				Ω
			

			

				𝑛
			

			
				−
				⋃
			

			
				𝑛
				−
				1
				𝑖
				=
				1
			

			
				
				Ω
			

			

				𝑖
			

		
	
, obviously, we have 
	
		
			

				⋃
			

			
				𝑛
				𝑖
				=
				1
			

			
				
				Ω
			

			

				𝑖
			

			
				=
				𝑅
			

			

				𝑛
			

			
				⧵
				{
				0
				}
			

		
	
, and 
	
		
			
				
				Ω
			

			

				𝑖
			

			
				∩
				
				Ω
			

			

				𝑗
			

			
				=
				Φ
				,
				𝑖
				≠
				𝑗
			

		
	
.Now, we focus on designing a switching law as follows:
							
	
 		
 			
				(
				2
				3
				)
			
 		
	

	
		
			
				
				Ω
				𝜎
				=
				𝑖
				,
				𝑥
				(
				𝑡
				)
				∈
			

			

				𝑖
			

			

				.
			

		
	

						When 
	
		
			
				𝑤
				=
				0
			

		
	
, 
	
		
			

				∑
			

			
				𝑛
				𝑖
				=
				1
			

			

				𝛼
			

			

				𝑖
			

			

				
			

			

				𝑅
			

			
				𝑖
				𝑙
				ℎ
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				
				<
				0
			

		
	
 is correct. So, we have that 
	
		
			
				̇
				∑
				𝑉
				(
				𝑡
				)
				≤
			

			
				𝑛
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				∑
				(
				𝑡
				)
			

			
				𝑛
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				∑
				(
				𝜉
				(
				𝑡
				)
				)
			

			
				𝑛
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				ℎ
			

			
				(
				𝜉
				(
				𝑡
				)
				)
				𝜁
			

			

				𝑇
			

			
				
				(
				𝑡
				)
			

			

				𝑅
			

			
				𝑖
				𝑙
				ℎ
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				
				𝜁
				(
				𝑡
				)
				<
				0
			

		
	
; so, the system is asymptotically stable.From the design of switching law, we can obtain that 
	
		
			
				̇
				𝑉
				(
				𝑡
				)
				<
				0
			

		
	
,  for all  
	
		
			
				𝑥
				(
				𝑡
				)
				≠
				0
			

		
	
; that is, the switching fuzzy controllers can make the system (6) asymptotically stable, when 
	
		
			
				𝑤
				=
				0
			

		
	
.To demonstrate that the 
	
		
			

				𝐻
			

			

				∞
			

		
	
 control problem of system is solvable, we define that
							
	
 		
 			
				(
				2
				4
				)
			
 		
	

	
		
			
				
				𝐽
				=
			

			
				∞
				0
			

			
				
				𝑧
			

			

				𝑇
			

			
				(
				𝑡
				)
				𝑧
				(
				𝑡
				)
				−
				𝛾
			

			

				2
			

			

				𝑤
			

			

				𝑇
			

			
				
				(
				𝑡
				)
				𝑤
				(
				𝑡
				)
				𝑑
				𝑡
				.
			

		
	
Thus, when the initial state is 
	
		
			
				𝑥
				(
				𝑡
				)
				=
				0
			

		
	
, for any nonzero vector 
	
		
			
				𝑤
				(
				𝑡
				)
				∈
				𝐿
			

			

				2
			

			
				[
				0
				,
				∞
				)
			

		
	
, the function 
	
		
			

				𝐽
			

		
	
 can be written as follows:
							
	
 		
 			
				(
				2
				5
				)
			
 		
	

	
		
			
				
				𝐽
				=
			

			
				∞
				0
			

			
				
				𝑧
			

			

				𝑇
			

			
				(
				𝑡
				)
				𝑧
				(
				𝑡
				)
				−
				𝛾
			

			

				2
			

			

				𝑤
			

			

				𝑇
			

			
				̇
				
				−
				[
				]
				=
				
				(
				𝑡
				)
				𝑤
				(
				𝑡
				)
				+
				𝑉
				(
				𝑡
				)
				𝑑
				𝑡
				𝑉
				(
				∞
				)
				−
				𝑉
				(
				0
				)
			

			
				∞
				0
			

			
				
				𝑧
			

			

				𝑇
			

			
				(
				𝑡
				)
				𝑧
				(
				𝑡
				)
				−
				𝛾
			

			

				2
			

			

				𝑤
			

			

				𝑇
			

			
				̇
				
				≤
				
				(
				𝑡
				)
				𝑤
				(
				𝑡
				)
				+
				𝑉
				(
				𝑡
				)
				𝑑
				𝑡
				−
				𝑉
				(
				∞
				)
			

			
				∞
				0
			

			
				
				𝑧
			

			

				𝑇
			

			
				(
				𝑡
				)
				𝑧
				(
				𝑡
				)
				−
				𝛾
			

			

				2
			

			

				𝑤
			

			

				𝑇
			

			
				̇
				
				(
				𝑡
				)
				𝑤
				(
				𝑡
				)
				+
				𝑉
				(
				𝑡
				)
				𝑑
				𝑡
				.
			

		
	
Due to the Lemma 3, the function (14) can be changed as follows:
							
	
 		
 			
				(
				2
				6
				)
			
 		
	

	
		
			
				̇
				𝑉
				(
				𝑡
				)
				≤
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑁
			

			

				𝑖
			

			

				
			

			
				𝑙
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				×
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				ℎ
			

			
				
				𝑥
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑇
			

			
				
				
				𝐴
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				𝑙
			

			

				
			

			

				𝑇
			

			
				𝑃
				
				𝐴
				+
				𝑃
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				𝑙
			

			
				
				+
				𝜀
			

			

				1
			

			

				𝐹
			

			
				𝑇
				1
				𝑖
				𝑙
			

			

				𝐹
			

			
				1
				𝑖
				𝑙
			

			
				+
				𝜀
			

			
				−
				1
			

			
				𝑃
				𝐸
			

			
				𝑖
				𝑙
			

			

				𝐸
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				+
				𝑆
			

			

				𝑖
			

			
				+
				𝛾
			

			
				−
				2
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				
				𝑥
				+
				𝛾
			

			

				2
			

			

				𝑤
			

			

				𝑇
			

			
				𝑤
				+
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑇
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				𝑥
				+
				𝑥
			

			

				𝑇
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			
				𝑥
				(
				𝑡
				−
				𝑑
				)
				−
				𝑥
			

			

				𝑇
			

			
				×
				
				𝑆
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑖
			

			
				−
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				
				
				.
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

		
	
So, the function 
	
		
			

				𝐽
			

		
	
 can be further expressed as follows: 
	
 		
 			
				(
				2
				7
				)
			
 		
	

	
		
			
				𝐽
				≤
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑁
			

			

				𝑖
			

			

				
			

			
				𝑙
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				ℎ
			

			
				×
				
				(
				𝜉
				(
				𝑡
				)
				)
			

			
				∞
				0
			

			
				
				𝑥
			

			

				𝑇
			

			
				
				
				𝐴
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				𝑙
			

			

				
			

			

				𝑇
			

			
				
				𝐴
				𝑃
				+
				𝑃
			

			
				𝑖
				𝑙
			

			
				+
				𝐵
			

			
				𝑖
				𝑙
			

			

				𝐾
			

			
				𝑖
				𝑙
			

			
				
				+
				𝜀
			

			

				1
			

			

				𝐹
			

			
				𝑇
				1
				𝑖
				𝑙
			

			

				𝐹
			

			
				1
				𝑖
				𝑙
			

			
				+
				𝜀
			

			
				−
				1
			

			
				𝑃
				𝐸
			

			
				𝑖
				𝑙
			

			

				𝐸
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				+
				𝑆
			

			

				𝑖
			

			
				+
				𝛾
			

			
				−
				2
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				+
				𝐶
			

			
				𝑇
				𝑖
				𝑙
			

			

				𝐶
			

			
				𝑖
				𝑙
			

			
				
				𝑥
				+
				𝑥
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑇
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				𝑥
				+
				𝑥
			

			

				𝑇
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			
				𝑥
				(
				𝑡
				−
				𝑑
				)
				−
				𝑥
			

			

				𝑇
			

			
				
				𝑆
				(
				𝑡
				−
				𝑑
				)
			

			

				𝑖
			

			
				−
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				
				
				=
				𝑥
				(
				𝑡
				−
				𝑑
				)
				𝑑
				𝑡
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑁
			

			

				𝑖
			

			

				
			

			
				𝑙
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				ℎ
			

			
				×
				
				(
				𝜉
				(
				𝑡
				)
				)
			

			
				∞
				0
			

			
				
				𝑥
			

			

				𝑇
			

			

				𝑥
			

			

				𝑇
			

			
				
				⎡
				⎢
				⎢
				⎢
				⎢
				⎢
				⎣
				𝑅
				(
				𝑡
				−
				𝑑
				)
			

			
				𝑖
				𝑙
				ℎ
			

			
				+
				𝛾
			

			
				−
				2
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				+
				𝐶
			

			
				𝑖
				𝑙
			

			

				𝐶
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				⎤
				⎥
				⎥
				⎥
				⎥
				⎥
				⎦
				×
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑥
				⎤
				⎥
				⎥
				⎥
				⎦
				=
				𝑥
				(
				𝑡
				−
				𝑑
				)
				𝑑
				𝑡
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				(
				𝑡
				)
			

			

				𝑁
			

			

				𝑖
			

			

				
			

			
				𝑙
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				(
				𝜉
				(
				𝑡
				)
				)
			

			

				𝑛
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜂
			

			
				𝑖
				ℎ
			

			
				×
				
				(
				𝜉
				(
				𝑡
				)
				)
			

			
				∞
				0
			

			

				𝜁
			

			

				𝑇
			

			
				⎡
				⎢
				⎢
				⎢
				⎣
				𝑅
				(
				𝑡
				)
			

			
				𝑖
				𝑙
				ℎ
			

			
				+
				𝛾
			

			
				−
				2
			

			
				𝑃
				𝐵
			

			
				1
				𝑖
				𝑙
			

			

				𝐵
			

			
				𝑇
				1
				𝑖
				𝑙
			

			
				𝑃
				+
				𝐶
			

			
				𝑖
				𝑙
			

			

				𝐶
			

			
				𝑇
				𝑖
				𝑙
			

			
				𝑃
				𝐴
			

			
				𝑑
				𝑖
				𝑙
			

			

				𝐴
			

			
				𝑇
				𝑑
				𝑖
				𝑙
			

			
				𝑃
				−
				𝑆
			

			

				𝑖
			

			
				+
				𝜀
			

			

				2
			

			

				𝐹
			

			
				𝑇
				2
				𝑖
				𝑙
			

			

				𝐹
			

			
				2
				𝑖
				𝑙
			

			
				⎤
				⎥
				⎥
				⎥
				⎦
				×
				𝜁
				(
				𝑡
				)
				𝑑
				𝑡
				.
			

		
	

From the design of switching law, we get that 
	
		
			
				𝐽
				<
				0
			

		
	
; that is, for any 
	
		
			
				𝑤
				(
				𝑡
				)
				∈
				𝐿
			

			

				2
			

			
				[
				0
				,
				∞
				)
			

		
	
, 
	
		
			
				‖
				𝑧
				‖
			

			

				𝐿
			

			

				2
			

			
				[
				0
				,
				𝑇
				]
			

			
				<
				𝛾
				‖
				𝑤
				‖
			

			

				𝐿
			

			

				2
			

			
				[
				0
				,
				𝑇
				]
			

		
	
 holds.
4. Simulation Example
The switched systems (1) consists of two fuzzy subsystems, and each subsystem has two fuzzy rules; that is, 
	
		
			
				𝑛
				=
				2
			

		
	
,  and  
	
		
			

				𝑁
			

			

				𝑖
			

			
				=
				2
			

		
	
,  where  
	
		
			
				𝑖
				=
				1
				,
				2
			

		
	
. Hence, we approximate the system by the following modes:

	
		
			

				𝑅
			

			
				1
				1
			

		
	
: if 
	
		
			

				𝜉
			

			

				1
			

			
				(
				𝑡
				)
			

		
	
 is 
	
		
			

				𝑀
			

			
				1
				1
				1
			

		
	
, then
						
	
 		
 			
				(
				2
				8
				)
			
 		
	

	
		
			
				
				𝐴
				̇
				𝑥
				(
				𝑡
				)
				=
			

			
				1
				1
			

			
				+
				Δ
				𝐴
			

			
				1
				1
			

			
				
				
				𝐴
				(
				𝑡
				)
				𝑥
				(
				𝑡
				)
				+
			

			
				𝑑
				1
				1
			

			
				+
				Δ
				𝐴
			

			
				𝑑
				1
				1
			

			
				
				(
				𝑡
				)
				𝑥
				(
				𝑡
				−
				𝑑
				)
				+
				𝐵
			

			
				1
				1
			

			
				𝑢
				(
				𝑡
				)
				+
				𝐵
			

			
				1
				1
				1
			

			
				𝑤
				(
				𝑡
				)
				,
				𝑧
				(
				𝑡
				)
				=
				𝐶
			

			
				1
				1
			

			
				𝑥
				(
				𝑡
				)
				,
			

		
	

	
		
			

				𝑅
			

			
				2
				1
			

		
	
: if 
	
		
			

				𝜉
			

			

				1
			

			
				(
				𝑡
				)
			

		
	
 is 
	
		
			

				𝑀
			

			
				2
				1
				1
			

		
	
, then
						
	
 		
 			
				(
				2
				9
				)
			
 		
	

	
		
			
				
				𝐴
				̇
				𝑥
				(
				𝑡
				)
				=
			

			
				1
				2
			

			
				+
				Δ
				𝐴
			

			
				1
				2
			

			
				
				
				𝐴
				(
				𝑡
				)
				𝑥
				(
				𝑡
				)
				+
			

			
				𝑑
				1
				2
			

			
				+
				Δ
				𝐴
			

			
				𝑑
				1
				2
			

			
				
				(
				𝑡
				)
				𝑥
				(
				𝑡
				−
				𝑑
				)
				+
				𝐵
			

			
				1
				2
			

			
				𝑢
				(
				𝑡
				)
				+
				𝐵
			

			
				1
				1
				2
			

			
				𝑤
				(
				𝑡
				)
				,
				𝑧
				(
				𝑡
				)
				=
				𝐶
			

			
				1
				2
			

			
				𝑥
				(
				𝑡
				)
				,
			

		
	

	
		
			

				𝑅
			

			
				1
				2
			

		
	
: if 
	
		
			

				𝜉
			

			

				1
			

			
				(
				𝑡
				)
			

		
	
 is 
	
		
			

				𝑀
			

			
				1
				2
				1
			

		
	
, then
						
	
 		
 			
				(
				3
				0
				)
			
 		
	

	
		
			
				
				𝐴
				̇
				𝑥
				(
				𝑡
				)
				=
			

			
				2
				1
			

			
				+
				Δ
				𝐴
			

			
				2
				1
			

			
				
				
				𝐴
				(
				𝑡
				)
				𝑥
				(
				𝑡
				)
				+
			

			
				𝑑
				2
				1
			

			
				+
				Δ
				𝐴
			

			
				𝑑
				2
				1
			

			
				
				(
				𝑡
				)
				𝑥
				(
				𝑡
				−
				𝑑
				)
				+
				𝐵
			

			
				2
				1
			

			
				𝑢
				(
				𝑡
				)
				+
				𝐵
			

			
				1
				2
				1
			

			
				𝑤
				(
				𝑡
				)
				,
				𝑧
				(
				𝑡
				)
				=
				𝐶
			

			
				2
				1
			

			
				𝑥
				(
				𝑡
				)
				,
			

		
	

	
		
			

				𝑅
			

			
				2
				2
			

		
	
: if 
	
		
			

				𝜉
			

			

				1
			

			
				(
				𝑡
				)
			

		
	
 is 
	
		
			

				𝑀
			

			
				2
				2
				1
			

		
	
, then
						
	
 		
 			
				(
				3
				1
				)
			
 		
	

	
		
			
				
				𝐴
				̇
				𝑥
				(
				𝑡
				)
				=
			

			
				2
				2
			

			
				+
				Δ
				𝐴
			

			
				2
				2
			

			
				
				
				𝐴
				(
				𝑡
				)
				𝑥
				(
				𝑡
				)
				+
			

			
				𝑑
				2
				2
			

			
				+
				Δ
				𝐴
			

			
				𝑑
				2
				2
			

			
				
				(
				𝑡
				)
				𝑥
				(
				𝑡
				−
				𝑑
				)
				+
				𝐵
			

			
				2
				2
			

			
				𝑢
				(
				𝑡
				)
				+
				𝐵
			

			
				1
				2
				2
			

			
				𝑤
				(
				𝑡
				)
				,
				𝑧
				(
				𝑡
				)
				=
				𝐶
			

			
				2
				2
			

			
				𝑥
				(
				𝑡
				)
				,
			

		
	

					where 
						
	
 		
 			
				(
				3
				2
				)
			
 		
	

	
		
			

				𝐴
			

			
				1
				1
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				−
				5
				1
				4
				−
				2
				,
				𝐴
			

			
				1
				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				−
				6
				−
				2
				5
				−
				3
				,
				𝐴
			

			
				2
				1
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝐴
				−
				6
				1
				7
				−
				4
			

			
				2
				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				−
				4
				−
				3
				6
				−
				2
				,
				𝐴
			

			
				𝑑
				1
				1
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝐴
				0
				.
				1
				0
				.
				6
				0
				.
				6
				0
				.
				2
			

			
				𝑑
				1
				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				0
				.
				3
				0
				.
				4
				0
				.
				5
				0
				.
				3
				,
				𝐴
			

			
				𝑑
				2
				1
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝐴
				0
				.
				4
				0
				.
				3
				0
				.
				2
				0
				.
				1
			

			
				𝑑
				2
				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝐵
				0
				.
				5
				0
				.
				1
				0
				.
				3
				0
				.
				6
			

			
				1
				1
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				−
				1
				−
				2
				,
				𝐵
			

			
				1
				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				1
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝐵
				−
				2
			

			
				2
				1
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				−
				1
				−
				2
				,
				𝐵
			

			
				2
				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				1
				⎤
				⎥
				⎥
				⎥
				⎦
				−
				2
				,
				𝐵
			

			
				1
				1
				1
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝐵
				0
				.
				4
				6
				5
				4
				1
				.
				4
				9
				3
				7
			

			
				1
				1
				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				0
				.
				3
				4
				7
				8
				1
				.
				5
				4
				1
				7
				,
				𝐵
			

			
				1
				2
				1
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝐵
				0
				.
				8
				3
				2
				4
				1
				.
				6
				5
				7
				4
			

			
				1
				2
				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				0
				.
				6
				4
				9
				7
				1
				.
				8
				8
				7
				6
				,
				𝐶
			

			
				1
				1
			

			
				=
				
				
				−
				1
				−
				1
				,
				𝐶
			

			
				1
				2
			

			
				=
				
				
				,
				𝐶
				1
				−
				1
			

			
				2
				1
			

			
				=
				
				
				−
				1
				−
				1
				,
				𝐶
			

			
				2
				2
			

			
				=
				
				
				,
				𝐸
				1
				−
				1
			

			
				1
				1
			

			
				=
				𝐸
			

			
				1
				2
			

			
				=
				𝐸
			

			
				2
				1
			

			
				=
				𝐸
			

			
				2
				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝐹
				0
				.
				4
				0
				.
				2
			

			
				1
				1
				1
			

			
				=
				𝐹
			

			
				1
				1
				2
			

			
				=
				𝐹
			

			
				1
				2
				1
			

			
				=
				𝐹
			

			
				1
				2
				2
			

			
				=
				
				
				,
				𝐹
				0
				.
				3
				0
				.
				2
			

			
				1
				1
				1
			

			
				=
				𝐹
			

			
				2
				1
				2
			

			
				=
				𝐹
			

			
				2
				2
				1
			

			
				=
				𝐹
			

			
				2
				2
				2
			

			
				=
				
				
				,
				𝛼
				0
				.
				2
				0
				.
				1
			

			

				1
			

			
				=
				𝛼
			

			

				2
			

			
				Σ
				=
				0
				.
				5
				,
			

			
				1
				1
			

			
				(
				𝑡
				)
				=
				Σ
			

			
				1
				2
			

			
				(
				𝑡
				)
				=
				Σ
			

			
				2
				1
			

			
				(
				𝑡
				)
				=
				Σ
			

			
				2
				2
			

			
				𝑤
				(
				𝑡
				)
				=
				0
				.
				2
				s
				i
				n
				𝑡
				,
				(
				𝑡
				)
				=
				𝑒
			

			
				−
				0
				.
				5
				𝑡
			

			
				s
				i
				n
				(
				2
				𝜋
				𝑡
				)
				.
			

		
	

The membership functions are, respectively,
						
	
 		
 			
				(
				3
				3
				)
			
 		
	

	
		
			

				𝜇
			

			

				𝑀
			

			
				1
				1
				1
			

			
				
				𝑥
			

			

				1
			

			
				
				=
				𝜇
			

			

				𝑀
			

			
				1
				2
				1
			

			
				
				𝑥
			

			

				1
			

			
				
				1
				=
				1
				−
			

			
				
			
			
				1
				+
				𝑒
			

			
				−
				4
				𝑥
			

			

				1
			

			
				,
				𝜇
			

			

				𝑀
			

			
				2
				1
				1
			

			
				
				𝑥
			

			

				1
			

			
				
				=
				𝜇
			

			

				𝑀
			

			
				2
				2
				1
			

			
				
				𝑥
			

			

				1
			

			
				
				=
				1
			

			
				
			
			
				1
				+
				𝑒
			

			
				−
				4
				𝑥
			

			

				1
			

			

				.
			

		
	

Let 
	
		
			
				√
				𝛾
				=
				1
				/
			

			
				
			
			

				2
			

		
	
, choosing 
	
		
			
				∑
				𝑢
				(
				𝑡
				)
				=
				−
			

			
				𝑛
				𝑖
				=
				1
			

			

				𝑣
			

			

				𝑖
			

			
				∑
				(
				𝑡
				)
			

			

				𝑁
			

			

				𝑖
			

			
				𝑙
				=
				1
			

			

				𝜂
			

			
				𝑖
				𝑙
			

			
				(
				𝜉
				(
				𝑡
				)
				)
				𝐾
			

			
				𝑖
				𝑙
			

			
				𝑥
				(
				𝑡
				)
			

		
	
,   where 
	
		
			
				𝑖
				=
				1
				,
				2
			

			
				a
				n
				d
			

			

				𝑁
			

			

				𝑖
			

			
				=
				2
			

		
	
.
For the linear matrix inequality (9) of Theorem 5, the following can be obtained with LMI toolbox:
						
	
 		
 			
				(
				3
				4
				)
			
 		
	

	
		
			
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				𝑋
				=
				6
				.
				3
				9
				5
				0
				−
				1
				.
				4
				6
				3
				0
				−
				1
				.
				4
				6
				3
				0
				4
				.
				1
				4
				6
				7
				,
				𝑄
			

			

				1
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝑄
				2
				9
				.
				2
				4
				7
				3
				−
				2
				1
				.
				0
				9
				9
				6
				−
				2
				1
				.
				0
				9
				9
				6
				7
				1
				.
				6
				6
				8
				3
			

			

				2
			

			
				=
				⎡
				⎢
				⎢
				⎢
				⎣
				⎤
				⎥
				⎥
				⎥
				⎦
				,
				𝑊
				2
				6
				.
				7
				2
				6
				9
				−
				1
				9
				.
				7
				2
				5
				0
				−
				1
				9
				.
				7
				2
				5
				0
				6
				9
				.
				5
				9
				5
				9
			

			
				1
				1
			

			
				=
				
				
				2
				2
				.
				5
				6
				3
				0
				3
				4
				.
				4
				3
				9
				3
				,
				𝑊
			

			
				1
				2
			

			
				=
				
				
				,
				𝑊
				−
				3
				0
				.
				4
				8
				3
				1
				4
				8
				.
				9
				8
				8
				0
			

			
				2
				1
			

			
				=
				
				
				,
				𝑊
				6
				.
				0
				8
				8
				4
				4
				8
				.
				0
				2
				8
				9
			

			
				2
				2
			

			
				=
				
				−
				
				1
				4
				.
				9
				5
				4
				5
				4
				9
				.
				1
				3
				5
				1
				,
				𝜔
			

			

				1
			

			
				𝜔
				=
				0
				.
				0
				0
				8
				7
				,
			

			

				2
			

			
				=
				0
				.
				0
				0
				8
				6
				.
			

		
	

					Because 
	
		
			

				𝐾
			

			
				𝑖
				ℎ
			

			
				=
				𝑊
			

			
				𝑖
				ℎ
			

			

				𝑋
			

			
				−
				1
			

		
	
, we have that
						
	
 		
 			
				(
				3
				5
				)
			
 		
	

	
		
			

				𝐾
			

			
				1
				1
			

			
				=
				
				
				5
				.
				9
				0
				4
				8
				1
				0
				.
				3
				8
				8
				4
				,
				𝐾
			

			
				1
				2
			

			
				=
				
				
				,
				𝐾
				−
				2
				.
				2
				4
				5
				3
				1
				1
				.
				0
				2
				1
				5
			

			
				2
				1
			

			
				=
				
				
				3
				.
				9
				1
				8
				0
				1
				2
				.
				9
				6
				4
				7
				,
				𝐾
			

			
				2
				2
			

			
				=
				
				
				.
				0
				.
				4
				0
				5
				0
				1
				1
				.
				9
				9
				2
				0
			

		
	

					Designing the switching law by (11), the system state responses with the initial condition 
	
		
			
				
				𝑥
				(
				0
				)
				=
			

			
				1
				−
				0
				.
				8
			

			

				
			

		
	
 are depicted by Figure 2 which is obtained by the Matlab simulation.
































	




	
	
	




	
	
	




	
	
	




	
	
	


	




	







	


	


	


	


	


	


	


	


	


	


	
	


	
		
			
		
		
			
		
		
			
		
		
			
		
	


	
		
			
		
		
			
		
		
			
		
		
			
		
	


	
		
			
		
		
			
		
		
			
		
		
			
		
	


	
		
			
		
		
			
		
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	
	
		
			
		
		
			
		
	

Figure 2: The system state responses.


Obviously, the closed-loop switched fuzzy system is stable under the corresponding switching laws and the robust fuzzy controllers in Figure 3, in spite of the influences by parameter uncertainties and time-delay, and possesses the strong robustness. Comparing their results with others, the simulation results indicate that the design controllers can satisfy the robust performance requirements under the corresponding switching laws. 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
	
	
		
		
	
	
	
	
	
		
		
	
	
	
	
	
		
		
	
	
		
		
	
	
	
	
	
	
	
	
	


	


	


	


	


	


	


	


	


	


	


	
	


	
		
			
		
		
			
		
		
			
		
	
	
		
			
		
		
			
		
		
			
		
	


	
		
	
	
		
	


	
		
	
	
		
	

Figure 3: The system control inputs.


5. Conclusions
In this paper, the problem of state feedback robust 
	
		
			

				𝐻
			

			

				∞
			

		
	
 control for a class of uncertain switched fuzzy time-delay systems based on T-S models is discussed. The sufficient condition in terms of the LMI is derived such that the quadratic stability of the closed-loop systems is guaranteed. A new type of continuous state feedback PDC controllers are built to ensure the asymptotically stable closed-loop system with 
	
		
			

				𝐻
			

			

				∞
			

		
	
 disturbance attenuation level 
	
		
			

				𝛾
			

		
	
, with the switching law designed to implement the global asymptotic stability of uncertain fuzzy time-delay switched systems. The results are also extended to the interval fuzzy time-delay systems. Simulation results demonstrate that a quality control performance has been achieved.
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