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 A B S T R A C T

This article investigates the 𝐻∞ control issue of Takagi–Sugeno fuzzy switched complex-valued networks (CVNs) 
with time-varying delay and average dwell-time (ADT) mechanism. To significantly decrease the communica-
tion load on the network and save the scarce communication resources, an available aperiodic event-triggered 
control scheme with dynamic threshold is put forward, where the triggering threshold can be dynamically 
updated through a differential renewal rule. Besides, this scheme can significantly avoid Zeno behavior. 
Meanwhile, it can also prevent the case where there is no signal transmission for a long time. On this 
basis, a novel fuzzy controller is designed. Moreover, a more complicated Lyapunov function is established to 
involve available information about ADT switching signal, time-varying delay, triggering interval and dynamic 
triggering threshold. In addition, by feat of Lyapunov stability theory, some complex matrix inequality methods 
and ADT technique, some sufficient and less conservative results are addressed to insure the involved CVN 
realizes 𝐻∞ stability with an external disturbance performance index. In addition, the available controller 
gains can be established as by calculating obtained complex matrix inequalities. Ultimately, one numerical 
example accompanied by simulations is put forward to verify the correctness and feasibility of the designed 
fuzzy controller.

1. Introduction

Over the past several decades, complex-valued networks (CVNs) have drawn considerable attention within the realm of artificial intelligence. 
In contrast to traditional real-valued networks (RVNs), CVNs are endowed with more powerful representational abilities, superior handling of 
symmetry problems, and other notable advantages. These characteristics endow them with great potential in a wide array of fields, including 
image processing, communication networks, medical image processing, and electronic circuits [1–3]. For example, when dealing with complex 
oscillatory signals, CVNs are capable of more effectively capturing the phase information of these signals. On the other hand, RVNs might not be 
able to fully exploit this information [4]. In the context of image processing, CVNs can accurately perform image recognition and analysis. However, 
RVNs may overlook the phase information, which consequently results in a reduction of recognition accuracy. Moreover, to gain a comprehensive 
understanding of the behavioral patterns of networked systems, it is of crucial concern to explore the complex behaviors of CVNs. Up to now, a 
considerable amount of achievements have been conducted on the dynamic behaviors of CVNs [5–7].

For another aspect, time delays are inescapably widespread during the signal processing. The main reason is that signals traveling through the 
links have a limited transmission speed [8–10]. It should be emphasized that the presence of these time delays might cause the systems under study 
to oscillate or even become unstable. Until now, various types of delays have been put forward for a large number of practical systems. These include 
leakage delay, unbounded time-varying delay, probabilistic delay, distributed delay, and so forth. Meanwhile, a mass of dynamic achievements 
have been reported. For instance, in [11], the finite-time stabilization issue of semi-Markovian jumping memristive neural networks (NNs) with 
reaction–diffusion term and unbounded time-varying delays has been achieved. In [12], the design scheme of fuzzy synchronization controller of 
NNs with mixed distributed time-varying delay and probabilistic communication delay has been addressed. Besides, the exponential synchronization 
problem of coupled inertial NNs with stochastic delayed impulses and hybrid delays has been studied in [13]. When considering the 𝐻∞ control 
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problem of delayed CVNs in the complex field, the existing body of research has paid scant attention to this area. This lack of substantial research 
has spurred our current research.

It is imperative to highlight that fixed control strategies frequently prove insufficient when confronting complex environments, as they often 
fail to manage unforeseen circumstances, which promotes the development of switched systems [14]. These systems strategically employ multiple 
distinct control strategies across different subsystems, enabling adaptive responses to heterogeneous operational demands. The main core is that 
switching protocol can determine transitions between subsystems, facilitating enhanced adaptability to dynamic environmental conditions. Among 
these protocols, the dwell-time (DT) switching mechanism imposes a minimum activation period ℏ for each subsystem to ensure operational stability 
prior to transitions [15]. It is noted that this approach preserves the stability, while it inherently restricts switching frequency. To address this 
constraint, Hespanha introduced the average dwell-time (ADT) mechanism, permitting shorter subsystem activation intervals while maintaining 
systems’ stability [16]. Based on this, abundant related literatures have been presented. For example, the finite-time nonfragile 𝐻∞ synchronization 
problem for delayed complex networks with ADT switched topology has been investigated [17]. The sliding mode control issue of switched NNs 
under mode-dependent ADT constraint has been considered in [18]. Based on these considerations, the present study examines 𝐻∞ control challenge 
in delayed switched CVNs governed by ADT mechanism.

On the other hand, the vast majority of plants exhibit nonlinear characteristics in the practical world. Besides, the nonlinear systems can have 
complex behaviors that deviate from the simple linear relationships assumed in many traditional analysis methods. The well-known Takagi–Sugeno 
(T-S) fuzzy model was first provided in 1985 by scholars Takagi and Sugeno [19]. Until now, this model has found widespread applications in 
a diverse range of circumstances. In the field of control engineering, it has been used to design controllers for complex industrial processes. For 
instance, in a chemical reaction process, the considered reaction rate is a highly nonlinear function of temperature and reactant concentrations, 
the T-S fuzzy model can be utilized to used to approximate system behavior and design appropriate controller to maintain the desired reaction 
conditions [20]. Besides, the core point is that it can disintegrate the complex nonlinear systems into a number of linear subsystems. This is 
achieved through the use of IF-THEN rules, which are associated with nonlinear fuzzy membership functions. Up to present day, the T-S fuzzy 
model has firmly established itself as an effective method for approximating nonlinear systems [21,22]. For instance, by virtue of the support of 
Lyapunov stability theory and matrix inequality technique, the robust dissipativity issue of T-S fuzzy interval delayed NNs has been reported in [23]. 
Furthermore, based on stochastic analysis theory and free weight matrix method, the 𝐻∞ estimation for T-S fuzzy semi-Markovian reaction–diffusion 
delayed NNs with randomly occurring gain uncertainties has been addressed in [24]. When it comes to the 𝐻∞ control issue of T-S fuzzy switched 
CVNs with time-varying delay, there has been relatively little research on this area. This situation serves as the impetus for our current research 
endeavor.

It is well-known that limited availability of communication resources poses considerable challenges in practical applications. Indeed, not all 
transmitted data is critical for achieving the target outcomes. Hence, to optimize resource usage, substantial research efforts have focused on 
two primary strategies: time-triggered protocols [25,26] and event-triggered mechanisms [27,28]. It should be emphasized that time-triggered 
approaches operate based on fixed transmission intervals, offering straightforward implementation but risking unnecessary data exchange and 
resource consumption. Conversely, event-triggered methods introduce adaptability by initiating transmissions only when predefined conditions are 
met, effectively reducing communication overhead. For example, the finite-time consensus problem of second-order leader-following nonlinear 
multi-agent system with static event-triggered communication has been firstly discussed in [29]. Further, the global 𝜇-synchronization of delayed 
complex dynamical networks via static event-triggered delayed impulsive control has been investigated in [30]. However, sometimes static event-
triggered schemes can bring a waste of resources. Fortunately, as the requirements of practical engineering, dynamic event-triggered mechanisms 
have attracted considerable attention [31,32]. These systems can adjust triggering thresholds in real-time according to system states, further 
optimizing resource allocation and enhancing operational efficiency. Building upon these principles, this study considers a cost-effective dynamic 
event-triggered scheme to resolve 𝐻∞ control issue for T-S fuzzy switched CVNs under ADT constraint via non-separation method.

Based on the above detailed analysis, this paper aims to 𝐻∞ control problem of T-S fuzzy switched CVNs with an ADT mechanism with the aid 
of a dynamic event-triggered scheme. In conclusion, the remarkable innovative aspects are concluded as follows. (1): This paper is the first attempt 
to design a novel dynamic event-triggered scheme to explore 𝐻∞ control challenge of T-S fuzzy switched CVNs with an ADT mechanism in the 
field of complex numbers. (2): Unlike the previous relevant achievements [33,34], for the first time, this paper presents a more practical dynamic 
event-triggered scheme, which comprehensively takes into account both maximum value and minimum value on triggered intervals. Under this 
circumstance, it can substantially decrease the triggering frequency to guarantee efficiency of communication resource utilization. (3) In contrast 
to the previous research works presented in the existing literature [35,36], this study takes into account some novel matrix inequalities in the 
complex domain, which are utilized to address the limitation of time delay 𝜏̇(𝑡) < 1 presented in the earlier literature. Moreover, by introducing 
the relaxation matrix, the feasible region is expanded and the degree of conservatism is reduced. (4) By applying the Lyapunov stability theory, 
T-S fuzzy approximation strategy and complex matrix inequality technique, a few sufficient and less conservative results are derived to ensure the 
considered system reaches 𝐻∞ stability with an external disturbance performance indicator 𝛾.

The structure of this article is arranged as follows. In Section 2, the model description together with some useful lemmas and definitions are 
given. Specifically, a novel dynamic event-triggered mechanism is proposed. Subsequently, in Section 3, some sufficient constraints are put forward 
to ensure that considered system attains exponential stability. Additionally, the 𝐻∞ disturbance attenuation level 𝛾 is also accomplished. Then, 
Section 4 provides one numerical illustration to verify the feasibility of derived results. In the end, the conclusions are summarized in Section 5.

Notations: Standard notation is presented. C𝑛 and R𝑛 signify proper sets of 𝑛-dimensional complex vectors and 𝑛-dimensional real vectors, 
respectively. Meanwhile, C𝑚×𝑛 and R𝑚×𝑛 denote proper sets of 𝑚×𝑛 complex matrices and 𝑚×𝑛 real matrices, respectively. ‘𝑇 ’ means transposition 
of matrix and ‘𝐻 ’ refers to complex conjugate transpose of matrix. ‘𝐈’ represents identity matrix with appropriate dimensions. ‘diag’ means a diagonal 
matrix. ‘∗’represents the entry caused by symmetry. 𝜑min(𝑀) (𝜑max(𝑀)) indicates smallest (largest) eigenvalue of matrix 𝑀 . 𝐢 denotes imaginary 
unit with 𝐢 ≜

√

−1. min{𝑐, 𝑑} denotes the minimum value between positive scalars 𝑐 and 𝑑.

2. Preliminaries and problem formulation

Consider the T-S fuzzy switched CVN with time-varying delay below:
Plant Rule 𝜌: IF 𝜗1(𝑡) is 𝜌

1 , 𝜗2(𝑡) is 
𝜌
2 , …, 𝜗𝑙(𝑡) is 𝜌

𝑙 , THEN 
{

𝜂̇(𝑡) = −𝐶𝜌(𝜈(𝑡))𝜂(𝑡) + 𝐴𝜌(𝜈(𝑡))𝜂(𝑡 − 𝜏(𝑡)) + 𝐵𝜌(𝜈(𝑡))𝑢(𝑡) +𝐷𝜌(𝜈(𝑡))𝜔(𝑡) (1)

𝑧(𝑡) = 𝐻𝜌(𝜈(𝑡))𝜂(𝑡) + 𝐺𝜌(𝜈(𝑡))𝜔(𝑡)
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in which 𝜂(𝑡) = (𝜂1(𝑡), 𝜂2(𝑡),… , 𝜂𝑛(𝑡))𝑇 ∈ C𝑛 means state vector at time 𝑡. 𝐶𝜌(𝜈(𝑡)) = diag{𝑐1𝜌(𝜈(𝑡)), 𝑐2𝜌(𝜈(𝑡)),… , 𝑐𝑛𝜌(𝜈(𝑡))} ∈ R𝑛×𝑛 stands for self-feedback 
matrix, where 𝑐𝚥𝜌(𝜈(𝑡)) > 0 (𝚥 = 1, 2,… , 𝑛). 𝐴𝜌(𝜈(𝑡)) ∈ C𝑛×𝑛, 𝐵𝜌(𝜈(𝑡)) ∈ C𝑛×𝑛, 𝐷𝜌(𝜈(𝑡)) ∈ C𝑛×𝑛𝜔 , 𝐻𝜌(𝜈(𝑡)) ∈ C𝑛𝑧×𝑛, 𝐺𝜌(𝜈(𝑡)) ∈ C𝑛𝑧×𝑛𝑤  represent the 
connection weight matrices with appropriate dimensions. 𝑢(𝑡) denotes control input and 𝑧(𝑡) means controlled output. 𝜔(𝑡) ∈ 2[0,∞) refers to 
external disturbance. 𝜈(𝑡) denotes switching signal, which takes value in a finite set  = {1, 2,… , 𝑀̌}. In addition, 𝜏(𝑡) refers to time-varying delay 
satisfying 0 ≤ 𝜏(𝑡) ≤ 𝜏𝑀  and 𝜏̇(𝑡) ≤ 𝜛⃗. 𝜗𝑏(𝑡) (𝑏 = 1, 2,… , 𝑙) stand for the premise variables, 𝜌

𝑏 (𝜌 = 1, 2,… , 𝑝) mean the fuzzy sets and 𝑝 is the 
number of IF-THEN rules.

For the convenience of later analysis, set 𝜈(𝑡) = 𝑖 ∈ , the corresponding system matrices 𝐶𝜌(𝜈(𝑡)), 𝐴𝜌(𝜈(𝑡)), 𝐵𝜌(𝜈(𝑡)), 𝐷𝜌(𝜈(𝑡)), 𝐻𝜌(𝜈(𝑡)) and 
𝐺𝜌(𝜈(𝑡)) can be described as 𝐶 𝑖𝜌, 𝐴𝑖𝜌, 𝐵𝑖𝜌, 𝐷𝑖

𝜌, 𝐻 𝑖
𝜌 and 𝐺𝑖𝜌. Then, by resorting to center-averaged defuzzification and singleton fuzzification as well as 

product of inference, switched T-S fuzzy CVN (1) can be formulated as follows: 
⎧

⎪

⎪

⎨

⎪

⎪

⎩

𝜂̇(𝑡) =
𝑝
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

−𝐶 𝑖𝜌𝜂(𝑡) + 𝐴
𝑖
𝜌𝜂(𝑡 − 𝜏(𝑡)) + 𝐵

𝑖
𝜌𝑢(𝑡) +𝐷

𝑖
𝜌𝜔(𝑡)

]

,

𝑧(𝑡) =
𝑝
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

𝐻 𝑖
𝜌𝜂(𝑡) + 𝐺

𝑖
𝜌𝜔(𝑡)

]

(2)

in which 𝜗(𝑡) = [𝜗1(𝑡) 𝜗2(𝑡) … 𝜗𝑙(𝑡)]𝑇 , ℎ𝜌(𝜗(𝑡)) represents the normalized membership function, which is defined as 

ℎ𝜌(𝜗(𝑡)) =
∏𝑙

𝑏=1 
𝜌
𝑏 (𝜗𝑏(𝑡))

∑𝑝
𝜌=1

∏𝑙
𝑏=1 

𝜌
𝑏 (𝜗𝑏(𝑡))

(3)

with 𝜌
𝑏 (𝜗𝑏(𝑡)) belonging to the interval [0, 1], which denotes the grade of membership for 𝜗𝑏(𝑡) in 

𝜌
𝑏 . Besides, 𝜓𝜌(𝜗(𝑡)) ≜

∏𝑙
𝑏=1 

𝜌
𝑏 (𝜗𝑏(𝑡)) means 

weight of every rule and 𝜓𝜌(𝜗(𝑡)) ≥ 0. Meanwhile, it is easily obtained ∑𝑝
𝜌=1 ℎ𝜌(𝜗(𝑡)) ≡ 1 for all 𝑡 ≥ 0.

Set the initial value of CVN (2) as 
𝜂(𝑠) = 𝜑(𝑠), 𝑠 ∈ [−𝜏𝑀 , 0] (4)

in which 𝜑(𝑠) = (𝜑1(𝑠), 𝜑2(𝑠),… , 𝜑𝑛(𝑠))𝑇 ∈ C𝑛 with sup−𝜏𝑀≤𝑠≤0{‖𝜑(𝑠)‖2} < ∞.
It is worth emphasizing that as the amount of data being transmitted grows and communication resources are limited, the effective management 

and optimization of these resources are of vital importance. To address this substantial challenge, the following dynamic event-triggered mechanism 
is put forward: 

⎧

⎪

⎨

⎪

⎩

𝑡𝑘 = min{𝑡𝑘, 𝑡𝑘},
𝑡𝑘 = inf{𝑡 > ℏ + 𝑡𝑘−1|𝜂𝐻 (𝑡𝑘−1)𝛯(𝜈(𝑡))𝜂(𝑡𝑘−1) − 𝑒𝑎𝜂̃𝐻 (𝑡)𝛯(𝜈(𝑡))𝜂̃(𝑡) + 𝜃(𝑡) ≤ 0},
𝑡𝑘 = 𝑡𝑘−1 +𝜛.

(5)

In this context, 𝑡𝑘 stands for the 𝑘th instant when a triggering event occurs. ℏ means time interval between two consecutive triggering instants, 
Specifically, it denotes the earliest triggering instant when next triggering event happens after the previous one has been completed. Besides, 𝜛
refers to maximum time gap between two trigger intervals. 𝛯(𝜈(𝑡)) is a mode-pendent symmetric positive definite matrix. The positive scalar 𝑎 stands 
for the triggering-driven scalar. It should be emphasized that when the specified even-triggered scheme is fulfilled, the sampled state information 
will be promptly updated. Concurrently, the controller will undergo an update at this juncture. If the preset conditions are always not satisfied, 
the state information will be updated upon the arrival of the constraint moment 𝑡𝑘. From this perspective, the event-triggering scheme designed 
is more in line with the actual engineering requirements. In addition, set 𝜂̃(𝑡) = 𝜂(𝑡) − 𝜂(𝑡𝑘−1). Besides, 𝜃(𝑡) refers to the internal dynamic variable, 
and it can be characterized as following form: 

𝜃̇(𝑡) = 𝛽1[𝜂𝐻 (𝑡𝑘−1)𝛯(𝜈(𝑡))𝜂(𝑡𝑘−1) − 𝑒𝑎𝜂̃𝐻 (𝑡)𝛯(𝜈(𝑡))𝜂̃(𝑡)] − 𝛽2𝜃(𝑡) (6)

in which 𝛽1 and 𝛽2 are positive scalar values. Moreover, it is assumed that 𝜃(𝑡) ≥ 0 and 𝜃(0) = 0. According to zero-order holder, it is concluded 
that triggered information 𝜂(𝑡𝑘) will be continuously adopted until the subsequent triggered information 𝜂(𝑡𝑘+1) is received. This can effectively 
guarantee the continuity of state information during the triggered time interval. In other words, when 𝑡 ∈ [𝑡𝑘, 𝑡𝑘+1), equation 𝜂(𝑡) = 𝜂(𝑡𝑘) holds. 
Based on this, an effective fuzzy controller with triggered information is designed as 

𝑢(𝑡) =
𝑝
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))𝐾 𝑖

𝜌𝜂(𝑡𝑘), 𝑡 ∈ [𝑡𝑘, 𝑡𝑘+1). (7)

Then, with the help of 𝜂(𝑡𝑘) = 𝜂(𝑡) − 𝜂̃(𝑡), system (2) will be translated into expression below: 
⎧

⎪

⎪

⎨

⎪

⎪

⎩

𝜂̇(𝑡) =
𝑝
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

(−𝐶 𝑖𝜌 + 𝐵
𝑖
𝜌𝐾

𝑖
𝜌)𝜂(𝑡) + 𝐴

𝑖
𝜌𝜂(𝑡 − 𝜏(𝑡)) − 𝐵

𝑖
𝜌𝜂̃(𝑡) +𝐷

𝑖
𝜌𝜔(𝑡)

]

,

𝑧(𝑡) =
𝑝
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

𝐻 𝑖
𝜌𝜂(𝑡) + 𝐺

𝑖
𝜌𝜔(𝑡)

]

(8)

in which 𝐾 𝑖
𝜌 represents the controller gain matrix, which needs to be ascertained. 

Remark 1.  To maximize the utilization of finite communication resources, some triggered mechanisms have emerged as a crucial innovation. In 
previous research, both the time-triggered scheme [25] and the static event-triggered scheme [27] have been thoroughly investigated. Compared to 
these relevant results, the presented dynamic event-triggered scheme (5) can further decrease triggering frequency, thus enhancing the utilization 
of limited resources. It needs to point the triggered moment 𝑡𝑘 can be limited by ̃𝑡𝑘 and ̂𝑡𝑘, in which ̃𝑡𝑘 stands for the most recent triggering moment, 
which satisfies the constraint 𝜂𝐻 (𝑡𝑘−1)𝛯(𝜈(𝑡))𝜂(𝑡𝑘−1) − 𝑒𝑎𝜂̃𝐻 (𝑡)𝛯(𝜈(𝑡))𝜂̃(𝑡) + 𝜃(𝑡) ≤ 0. Notably, once a triggering event is completed, the system has 
to await a interval ℏ before it proceeds to verify whether the given trigger constraint is again satisfied. Besides, the novel design can deliberately 
3 
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prevent the Zeno phenomenon from happening. For 𝑡𝑘, it denotes the instant that is at an interval of 𝜛 from the previous triggering instant 𝑡𝑘−1. 
In other words, 𝑡𝑘 serves as the forced triggering instant, which means 𝜛 ≥ ℏ. The advantage of this design is that it can prevent the situation of 
not being triggered for a long time, thus ensuring that the controller can be effectively and promptly executed. It not only improves the flexibility 
of triggering scheme, but also expands a lot of related literatures [37,38]. From these points of view, the introduction of 𝑡𝑘 and 𝑡𝑘 optimizes the 
performance of the triggered scheme.

Remark 2.  It is important to note that the considered dynamic variable 𝜃(𝑡) is non-negative, i.e., 𝜃(𝑡) ≥ 0 for every 𝑡 ≥ 0. The detailed steps of the 
derivation are specified in Algorithm 1 as follows:

Algorithm 1 Specific Steps of Dynamic Variable 𝜃(𝑡) ≥ 0.
Step 1: By resorting to the proposed triggered strategy (5), it can be accurately obtained that the inequality 𝜂𝐻 (𝑡𝑘−1)𝛱(𝜈(𝑡))𝜂(𝑡𝑘−1) −
𝑒𝑎𝜂̃𝐻 (𝑡)𝛱(𝜈(𝑡))𝜂̃(𝑡) ≥ −𝜃(𝑡) is valid;
Step 2: For involved dynamic variable 𝜃(𝑡), it follows the dynamic update rule (6), one can directly yield 𝜃̇(𝑡) = 𝛽1[𝜂𝐻 (𝑡𝑘−1)𝛯(𝜈(𝑡))𝜂(𝑡𝑘−1) −
𝑒𝑎𝜂̃𝐻 (𝑡)𝛯(𝜈(𝑡))𝜂̃(𝑡)] − 𝛽2𝜃(𝑡) ≥ −(𝛽1 + 𝛽2)𝜃(𝑡);
Step 3:  By performing a simple calculation, it can be concluded that 𝜃(𝑡) ≥ 𝑒−(𝛽1+𝛽2)𝑡𝜃(0) ≥ 0. 

Before obtaining our main results, some certain useful lemmas and definition are put forward which will be utilized later.

Lemma 1 ([39]). Define a positive define Hermitian matrix 𝑋 ∈ C𝑛×𝑛, for a differentiable vector 𝜓(𝑡) ∈ C𝑛 and constant 𝛿 > 0, the presented constraint 
below is valid:

−𝛿 ∫

𝑡

𝑡−𝛿
𝜓𝐻 (𝑠)𝑅𝜓(𝑠)d𝑠 ≤ −𝛬𝐻1 𝑅𝛬1 − 3𝛬𝐻2 𝑅𝛬2

where 𝛬1 = 𝜓(𝑡) − 𝜓(𝑡 − 𝛿) and 𝛬2 = 𝜓(𝑡) + 𝜓(𝑡 − 𝛿) − 2
𝛿 ∫

𝑡
𝑡−𝛿 𝜓(𝑠)d𝑠.

Lemma 2 ([40]). Define a vector 𝜓(𝑡) ∈ C𝑛 and a function 𝜏(𝑡) with 0 < 𝜏(𝑡) ≤ 𝜏𝑚, which are differentiable. For positive define Hermitian matrix 𝑅 ∈ C𝑛×𝑛
and any arbitrary complex matrices 𝑈11, 𝑈12, 𝑈22 ∈ C𝑛×𝑛, the presented constraint holds below:

−𝜏𝑀 ∫

𝑡

𝑡−𝜏𝑀
𝜓̇𝐻 (𝑠)𝑅𝜓̇(𝑠)d𝑠 ≤ −𝛤𝐻𝛱𝛤

in which

𝛱 =

⎡

⎢

⎢

⎢

⎢

⎢

⎣

𝑅 0 𝑈11 𝑈12

∗ 3𝑅 𝑈𝐻
12 𝑈22

∗ ∗ 𝑅 0

∗ ∗ ∗ 3𝑅

⎤

⎥

⎥

⎥

⎥

⎥

⎦

≥ 0, 𝛤 =

⎡

⎢

⎢

⎢

⎢

⎢

⎢

⎣

𝜓(𝑡) − 𝜓(𝑡 − 𝜏(𝑡))

𝜓(𝑡) + 𝜓(𝑡 − 𝜏(𝑡)) − 2
𝜏(𝑡) ∫

𝑡
𝑡−𝜏(𝑡) 𝜓(𝑠)d𝑠

𝜓(𝑡 − 𝜏(𝑡)) − 𝜓(𝑡 − 𝜏𝑀 )

𝜓(𝑡 − 𝜏(𝑡)) + 𝜓(𝑡 − 𝜏𝑀 ) − 2
𝜏𝑀−𝜏(𝑡) ∫

𝑡−𝜏(𝑡)
𝑡−𝜏𝑀

𝜓(𝑠)d𝑠

⎤

⎥

⎥

⎥

⎥

⎥

⎥

⎦

.

Remark 3.  It should be emphasized that Lemma  2 is an extended complex matrix form of the reciprocally convex combination inequality [41]. 
This inequality is a vital tool to deal with the involved integral term −𝜏𝑀 ∫ 𝑡𝑡−𝜏𝑀 𝜓̇𝐻 (𝑠)𝑅𝜓̇(𝑠)d𝑠. The obtained results not only contain these terms 
2
𝜏(𝑡) ∫

𝑡
𝑡−𝜏(𝑡) 𝜓(𝑠)d𝑠 and 2

𝜏𝑀−𝜏(𝑡) ∫
𝑡−𝜏(𝑡)
𝑡−𝜏𝑀

𝜓(𝑠)d𝑠, but also the introduction of relaxation matrices 𝑈11, 𝑈12 and 𝑈22 makes the feasible region of the obtained 
results larger and less conservative. Obviously, the utilization of Lemma  2 for addressing the dynamics of CVNs in the complex domain broadens 
a large number of existing relevant achievements [35,36,39,42].

Definition 1.  For any switching signal 𝜈(𝑡) ∈  and constants 𝑇1, 𝑇2 (𝑇2 > 𝑇1 ≥ 0), let 𝑁𝜈 (𝑇1, 𝑇2) be switching numbers over time interval [𝑇1, 𝑇2). 
Besides, for some constants 𝑇𝑎 > 0 and 𝑁0 ≥ 0, when the constraint 𝑁𝜈 (𝑇1, 𝑇2) ≤ 𝑁0 +

𝑇2−𝑇1
𝑇𝑎

 is valid, then the considered positive constant 𝑇𝑎 can 
be alluded an ADT and 𝑁0 denotes chatting bound.

Definition 2.  The considered switched system (8) can achieve desired 𝐻∞ stability with a specified disturbance index 𝛾 if proposed constraints 
are valid below: hold:

♡ In the case of 𝜔(𝑡) = 0, there own three positive scalars 𝑎 and 𝜆, the switched system (8) can be verified to reach exponential stability, i.e., the 
following equality

lim𝑡→∞‖𝜂(𝑡, 𝜑(⋅), 𝜈0)‖2 ≤ 𝑎𝑒−𝜆𝑡

is valid for any initial value 𝜑(⋅) and any initial switching signal 𝜈(0) = 𝜈0 ∈ .
♡ Under the case of zero initial value and nonzero external disturbance 𝜔(𝑡), for any positive disturbance attenuation level 𝛾, the output 𝑧(𝑡) of 
the system conforms to 

∫

∞

0
𝑧𝐻 (𝑠)𝑧(𝑠)d𝑠 < 𝛾2 ∫

∞

0
𝜔𝐻 (𝑠)𝜔(𝑠)d𝑠. (9)

3. Main results

This paper mainly aims to the design of appropriate controller gain matrices 𝐾 𝑖
𝜌 so as to achieve 𝐻∞ control for switched system (8). To attain 

this objective, this section aims to deal with the exponential stability of system (8) with 𝜔(𝑡) = 0. Moreover, under initial conditions are zero and 
4 
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𝜔(𝑡) ∈ 2[0,∞) is nonzero, considered system can also achieve 𝐻∞ stability. Meanwhile, the performance index 𝛾 is given. At the same time, desired 
controller gain matrices 𝐾 𝑖

𝜌 can be effectively designed.

Theorem 1.  Given constants 𝜆 > 0 and 𝜇 > 1, the considered system (8) with 𝜔(𝑡) = 0 can achieve exponential stability if there own some Hermitian 
matrices 𝑄𝑖 > 0, 𝑃𝜚 > 0 (𝜚 = 1, 2), 𝑆𝑖 > 0 and 𝑊𝜚 > 0, any appropriate complex matrices 𝑀11, 𝑀12, 𝑀22 and 𝐾 𝑖

𝜌 (𝜌 = 1, 2,… , 𝑝), positive definite matrices 
𝛯𝑖 and constant 𝛽1 > 0 such that addressed matrix inequalities hold for all 𝑖 ∈ :

𝑄𝑖 ≤ 𝜇𝑄𝑗 , 𝑆𝑖 ≤ 𝜇𝑆𝑗 , ∀𝑖, 𝑗 ∈ , 𝑖 ≠ 𝑗, (10)

𝛩𝑖𝜌 =

⎡

⎢

⎢

⎢

⎢

⎣

𝛩⃗𝑖11𝜌 𝛩⃗12 𝛩⃗𝑖13 𝛩⃗𝑖14𝜌
∗ 𝛩⃗22 0 0
∗ ∗ 𝛩⃗𝑖33 𝛩⃗𝑖34𝜌
∗ ∗ ∗ −𝑆𝑖

⎤

⎥

⎥

⎥

⎥

⎦

< 0 (11)

where

𝛩⃗𝑖11𝜌 =

⎡

⎢

⎢

⎢

⎢

⎣

𝛶⃗ 𝑖11𝜌 𝛶⃗ 𝑖12𝜌 𝛶⃗13

∗ 𝛶⃗ 𝑖22 𝛶⃗ 𝑖23
∗ ∗ 𝛶⃗ 𝑖33

⎤

⎥

⎥

⎥

⎥

⎦

, 𝛩⃗𝑖13 =

⎡

⎢

⎢

⎢

⎣

0 𝑀12 +𝑀22 −𝑄𝑖𝐵𝑖𝜌 − 𝛽1𝛯𝑖
𝑀12 +𝑀𝐻

22 −𝑀12 +𝑀22 + 3𝑆𝑖 0

−𝑀12 +𝑀𝐻
22 3𝑆𝑖 0

⎤

⎥

⎥

⎥

⎦

,

𝛩⃗22 =

⎡

⎢

⎢

⎢

⎢

⎣

−4𝑊1 0 3𝑊1 0
∗ −4𝑊2 0 3𝑊2
∗ ∗ −3𝑊1 0
∗ ∗ ∗ −3𝑊2

⎤

⎥

⎥

⎥

⎥

⎦

,

𝛩⃗12 = [ℵ, 0, 0]𝐻 , 𝛩⃗𝑖33 = diag{−𝑀22 −𝑀𝐻
22 ,−3𝑆𝑖, 𝛽1(1 − 𝑒

𝑎)𝛯𝑖},

𝛩⃗𝑖14𝜌 = [𝜏𝑀𝑆𝑖(−𝐶 𝑖𝜌 + 𝐵
𝑖
𝜌𝐾

𝑖
𝜌), 𝜏𝑀𝑆𝑖𝐴

𝑖
𝜌, 0]

𝐻 , 𝛩⃗𝑖34𝜌 = [0, 0,−𝜏𝑀𝑆𝑖𝐵𝑖𝜌]
𝐻

in which
𝛶⃗ 𝑖11𝜌 = 𝑄𝑖(−𝐶 𝑖𝜌 + 𝐵

𝑖
𝜌𝐾

𝑖
𝜌) + (−𝐶 𝑖𝜌 + 𝐵

𝑖
𝜌𝐾

𝑖
𝜌)
𝐻𝑄𝑖 + 𝑃1 + 𝑃2 + ℏ2𝑊1 +𝜛2𝑊2

+ 𝛽1𝛯𝑖 − 4𝑊1 − 4𝑊2 − 𝑆𝑖,

𝛶⃗ 𝑖12𝜌 = 𝑆𝑖 +𝑄𝑖𝐴𝑖𝜌 −𝑀11 −𝑀22 −𝑀12 −𝑀𝐻
12 , ℵ𝐻 = [−2𝑊1,−2𝑊2, 3𝑊1, 3𝑊2],

𝛶⃗ 𝑖22 = −(1 − 𝜛⃗)𝑃2 − 4𝑆𝑖 +𝑀11 +𝑀𝐻
11 −𝑀22 −𝑀𝐻

22 , 𝛶⃗ 𝑖33 = −𝑃1 − 3𝑆𝑖,

𝛶⃗13 =𝑀11 +𝑀𝐻
12 −𝑀12 −𝑀22, 𝛶⃗ 𝑖23 = −𝑀11 +𝑀𝐻

12 +𝑀12 −𝑀22 − 3𝑆𝑖.

Moreover, the involved average dwell time satisfies the constraint below: 

𝑇𝑎 > 𝑇
∗
𝑎 =

ln𝜇
𝜆
. (12)

Proof.  Construct the effective Lyapunov functional candidate for considered system (8) below: 

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) =
5
∑

𝜍=1
𝐕𝜍 (𝑡, 𝜂(𝑡), 𝜈(𝑡)) (13)

where

𝐕1(𝑡, 𝜂(𝑡), 𝜈(𝑡)) =𝜂𝐻 (𝑡)𝑄(𝜈(𝑡))𝜂(𝑡),

𝐕2(𝑡, 𝜂(𝑡), 𝜈(𝑡)) =∫

𝑡

𝑡−𝜏𝑀
𝜂𝐻 (𝑠)𝑃1𝜂(𝑠)d𝑠 + ∫

𝑡

𝑡−𝜏(𝑡)
𝜂𝐻 (𝑠)𝑃2𝜂(𝑠)d𝑠,

𝐕3(𝑡, 𝜂(𝑡), 𝜈(𝑡)) =𝜏𝑀 ∫

0

−𝜏𝑀
∫

𝑡

𝑡+𝛼
𝜂̇𝐻 (𝑠)𝑆(𝜈(𝑠))𝜂̇(𝑠)d𝑠d𝛼,

𝐕4(𝑡, 𝜂(𝑡), 𝜈(𝑡)) =ℏ∫

0

−ℏ ∫

𝑡

𝑡+𝛼
𝜂𝐻 (𝑠)𝑊1𝜂(𝑠)d𝑠d𝛼 +𝜛 ∫

0

−𝜛 ∫

𝑡

𝑡+𝛼
𝜂𝐻 (𝑠)𝑊2𝜂(𝑠)d𝑠d𝛼,

𝐕5(𝑡, 𝜂(𝑡), 𝜈(𝑡)) =𝜃(𝑡).

It is noted that the matrices 𝑄(𝜈(𝑡)), 𝑃1, 𝑃2, 𝑆(𝜈(𝑡)), 𝑊1 and 𝑊2 will be decided. Next, take the derivative at the point (𝑡, 𝜂(𝑡), 𝜈(𝑡) = 𝑖) of the system 
(8), one can yield 

𝐕̇1(𝑡, 𝜂(𝑡), 𝑖) = 𝜂𝐻 (𝑡)𝑄𝑖
𝑝
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

(−𝐶 𝑖𝜌 + 𝐵
𝑖
𝜌𝐾

𝑖
𝜌)𝜂(𝑡) + 𝐴

𝑖
𝜌𝜂(𝑡 − 𝜏(𝑡)) − 𝐵

𝑖
𝜌𝜂̃(𝑡)

]

+
𝑝
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

(−𝐶 𝑖𝜌 + 𝐵
𝑖
𝜌𝐾

𝑖
𝜌)𝜂(𝑡) + 𝐴

𝑖
𝜌𝜂(𝑡 − 𝜏(𝑡)) − 𝐵

𝑖
𝜌𝜂̃(𝑡)

]𝐻𝑄𝑖𝜂(𝑡), (14a)

𝐕̇2(𝑡, 𝜂(𝑡), 𝑖) = 𝜂𝐻 (𝑡)(𝑃1 + 𝑃2)𝜂(𝑡) − 𝜂𝑇 (𝑡 − 𝜏𝑀 )𝑃1𝜂(𝑡 − 𝜏𝑀 )

− (1 − 𝜏̇(𝑡))𝜂𝑇 (𝑡 − 𝜏(𝑡))𝑃2𝜂(𝑡 − 𝜏(𝑡))

≤ 𝜂𝐻 (𝑡)(𝑃 + 𝑃 )𝜂(𝑡) − 𝜂𝑇 (𝑡 − 𝜏 )𝑃 𝜂(𝑡 − 𝜏 )
1 2 𝑀 1 𝑀

5 
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− (1 −𝜛)𝜂𝑇 (𝑡 − 𝜏(𝑡))𝑃2𝜂(𝑡 − 𝜏(𝑡)), (14b)

𝐕̇3(𝑡, 𝜂(𝑡), 𝑖) = 𝜏2𝑀𝜂
𝐻 (𝑡)𝑆𝑖𝜂̇(𝑡) − 𝜏𝑀 ∫

𝑡

𝑡−𝜏𝑀
𝜂̇𝐻 (𝑠)𝑆𝑖𝜂̇(𝑠)d𝑠, (14c)

𝐕̇4(𝑡, 𝜂(𝑡), 𝑖) = ℏ2𝜂𝐻 (𝑡)𝑊1𝜂(𝑡) +𝜛2𝜂𝐻 (𝑡)𝑊2𝜂(𝑡)

− ℏ∫

𝑡

𝑡−ℏ
𝜂𝐻 (𝑠)𝑊1𝜂(𝑠)d𝑠 −𝜛 ∫

𝑡

𝑡−𝜛
𝜂𝐻 (𝑠)𝑊2𝜂(𝑠)d𝑠, (14d)

𝐕̇5(𝑡, 𝜂(𝑡), 𝑖) = 𝛽1[𝜂𝐻 (𝑡𝑘)𝛯𝑖𝜂(𝑡𝑘) − 𝑒𝑎𝜂̃𝐻 (𝑡)𝛯𝑖𝜂̃(𝑡)] − 𝛽2𝜃(𝑡)

≤ 𝛽1[𝜂𝐻 (𝑡𝑘)𝛯𝑖𝜂(𝑡𝑘) − 𝑒𝑎𝜂̃𝐻 (𝑡)𝛯𝑖𝜂̃(𝑡)]

= 𝛽1(𝜂(𝑡) − 𝜂̃(𝑡))𝐻𝛯𝑖(𝜂(𝑡) − 𝜂̃(𝑡)) − 𝛽1𝑒𝑎𝜂̃𝐻 (𝑡)𝛯𝑖𝜂̃(𝑡)

≤ 𝛽1[𝜂𝐻 (𝑡)𝛯𝑖𝜂(𝑡) − 𝛽1𝜂𝐻 (𝑡)𝛯𝑖𝜂̃(𝑡) − 𝛽1𝜂̃𝐻 (𝑡)𝛯𝑖𝜂(𝑡) + 𝛽1(1 − 𝑒𝑎)𝜂̃𝐻 (𝑡)𝛯𝑖𝜂̃(𝑡)]. (14e)

In addition, it follows from Lemma  1, one can infer 

− ℏ∫

𝑡

𝑡−ℏ
𝜂𝐻 (𝑠)𝑊1𝜂(𝑠)d𝑠 ≤ −⃗𝐻

1 𝑊1⃗1 − 3⃗𝐻
2 𝑊1⃗2, (15a)

−𝜛 ∫

𝑡

𝑡−𝜛
𝜂𝐻 (𝑠)𝑊2𝜂(𝑠)d𝑠 ≤ −⃗𝐻

3 𝑊2⃗3 − 3⃗𝐻
4 𝑊2⃗4 (15b)

where ⃗1 = 𝜂(𝑡) − 𝜂(𝑡 − ℏ), ⃗3 = 𝜂(𝑡) − 𝜂(𝑡 −𝜛), and

⃗2 = 𝜂(𝑡) + 𝜂(𝑡 − ℏ) − 2
ℏ ∫

𝑡

𝑡−ℏ
𝜂(𝑠)d𝑠, ⃗4 = 𝜂(𝑡) + 𝜂(𝑡 −𝜛) − 2

𝜛 ∫

𝑡

𝑡−𝜛
𝜂(𝑠)d𝑠.

Besides, for arbitrary complex matrices 𝑀11, 𝑀12, 𝑀22 ∈ C𝑛×𝑛, by resorting to Lemma  2, the term −𝜏𝑀 ∫ 𝑡𝑡−𝜏𝑀 𝜂̇𝐻 (𝑠)𝑆𝑖𝜂̇(𝑠)d𝑠 can be broken down 
into two terms, it can derive

− 𝜏𝑀 ∫

𝑡

𝑡−𝜏𝑀
𝜂̇𝐻 (𝑠)𝑆𝑖𝜂̇(𝑠)d𝑠

= −𝜏𝑀 ∫

𝑡

𝑡−𝜏(𝑡)
𝜂̇𝐻 (𝑠)𝑆𝑖𝜂̇(𝑠)d𝑠 − 𝜏𝑀 ∫

𝑡−𝜏(𝑡)

𝑡−𝜏𝑀
𝜂̇𝐻 (𝑠)𝑆𝑖𝜂̇(𝑠)d𝑠

≤ −
𝜏𝑀 (𝜉𝐻1 (𝑡)𝑆𝑖𝜉1(𝑡) + 3𝜉𝐻2 (𝑡)𝑆𝑖𝜉2(𝑡))

𝜏(𝑡)
−
𝜏𝑀 (𝜉𝐻3 (𝑡)𝑆𝑖𝜉3(𝑡) + 3𝜉𝐻4 (𝑡)𝑆𝑖𝜉4(𝑡))

𝜏𝑀 − 𝜏(𝑡)

≤ −

⎡

⎢

⎢

⎢

⎢

⎣

𝜉1(𝑡)
𝜉2(𝑡)
𝜉3(𝑡)
𝜉4(𝑡)

⎤

⎥

⎥

⎥

⎥

⎦

𝐻
⎡

⎢

⎢

⎢

⎢

⎣

𝑆𝑖 0 𝑀11 𝑀12
∗ 3𝑆𝑖 𝑀𝐻

12 𝑀22
∗ ∗ 𝑆𝑖 0
∗ ∗ ∗ 3𝑆𝑖

⎤

⎥

⎥

⎥

⎥

⎦

⎡

⎢

⎢

⎢

⎢

⎣

𝜉1(𝑡)
𝜉2(𝑡)
𝜉3(𝑡)
𝜉4(𝑡)

⎤

⎥

⎥

⎥

⎥

⎦

(16)

with 𝜉𝐻1 (𝑡) = 𝜂𝐻 (𝑡) − 𝜂𝐻 (𝑡 − 𝜏(𝑡)), 𝜉𝐻3 (𝑡) = 𝜂𝐻 (𝑡 − 𝜏(𝑡)) − 𝜂𝐻 (𝑡 − 𝜏𝑀 ), and

𝜉𝐻2 (𝑡) = 𝜂𝐻 (𝑡) + 𝜂𝐻 (𝑡 − 𝜏(𝑡)) − 2
𝜏(𝑡) ∫

𝑡

𝑡−𝜏(𝑡)
𝜂𝐻 (𝑠)d𝑠,

𝜉𝐻4 (𝑡) = 𝜂𝐻 (𝑡 − 𝜏(𝑡)) + 𝜂𝐻 (𝑡 − 𝜏𝑀 ) − 2
𝜏𝑀 − 𝜏(𝑡) ∫

𝑡−𝜏(𝑡)

𝑡−𝜏𝑀
𝜂𝐻 (𝑠)d𝑠.

On the other hand, it follows expression of 𝜂̇(𝑡), one gets
𝜏2𝑀 𝜂̇

𝐻 (𝑡)𝑆𝑖𝜂̇(𝑡)

= 𝜏2𝑀

𝑚
∑

𝜌=1

𝑚
∑

𝑞=1
ℎ𝜌(𝜗(𝑡))ℎ𝑞(𝜗(𝑡))

[

(−𝐶 𝑖𝜌 + 𝐵
𝑖
𝜌𝐾

𝑖
𝜌)𝜂(𝑡) + 𝐴

𝑖
𝜌𝜂(𝑡 − 𝜏(𝑡)) − 𝐵

𝑖
𝜌𝜂̃(𝑡)

]𝐻
𝑆𝑖

×
[

(−𝐶 𝑖𝑞 + 𝐵
𝑖
𝑞𝐾

𝑖
𝑞)𝜂(𝑡) + 𝐴

𝑖
𝑞𝜂(𝑡 − 𝜏(𝑡)) − 𝐵

𝑖
𝑞 𝜂̃(𝑡)

]

≤ 𝜏2𝑀

𝑚
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

(−𝐶 𝑖𝜌 + 𝐵
𝑖
𝜌𝐾

𝑖
𝜌)𝜂(𝑡) + 𝐴

𝑖
𝜌𝜂(𝑡 − 𝜏(𝑡)) − 𝐵

𝑖
𝜌𝜂̃(𝑡)

]𝐻
𝑆𝑖

×
[

(−𝐶 𝑖𝜌 + 𝐵
𝑖
𝜌𝐾

𝑖
𝜌)𝜂(𝑡) + 𝐴

𝑖
𝜌𝜂(𝑡 − 𝜏(𝑡)) − 𝐵

𝑖
𝜌𝜂̃(𝑡)

]

. (17)

Considering the above elaborate derivations, by virtue of the Schur complement in [42], one can finally achieve the conclusion that 

𝐕̇(𝑡, 𝜂(𝑡), 𝑖) =
𝑚
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))ℜ𝐻 (𝑡)𝛹 𝑖𝜌ℜ(𝑡) (18)

in which

ℜ𝐻 (𝑡) ≜
[

𝜂𝐻 (𝑡) 𝜂𝐻 (𝑡 − 𝜏(𝑡)) 𝜂𝐻 (𝑡 − 𝜏𝑀 ) 𝜂𝐻 (𝑡 − ℏ) 𝜂𝐻 (𝑡 −𝜛)

2
ℏ ∫

𝑡

𝑡−ℏ
𝜂(𝑠)d𝑠 2

𝜛 ∫

𝑡

𝑡−𝜛
𝜂(𝑠)d𝑠 2

𝜏(𝑡) ∫

𝑡

𝑡−𝜏(𝑡)
𝜂𝐻 (𝑠)d𝑠 2

𝜏𝑀 − 𝜏(𝑡) ∫

𝑡−𝜏(𝑡)

𝑡−𝜏𝑀
𝜂𝐻 (𝑠)d𝑠 𝜂̃𝐻 (𝑡)

]

.
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Besides, 𝛹 𝑖𝜌 is previously defined in Theorem  1. Given that, as specified in condition (11), it is reasonable to deduce 𝐕̇(𝑡, 𝜂(𝑡), 𝑖) < 0, which can 
derive 𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) < 𝐕(0, 𝜂(0), 𝜈(0)). In this situation, there must exist two scalars 𝜆1 and 𝜆 with 𝜆1 > 𝜆 such that the presented inequality is valid 
below: 

𝐕̇(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ −𝜆1𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ −𝜆𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) (19)

where 𝜆 = min{𝜆1, 𝜆2}, and 𝜇2 is also a positive scalar to be defined subsequently. Then, multiplying (19) by 𝑒−𝜆𝑡 and integrating both sides of (19) 
from 𝑡𝑘 to 𝑡, one yields 

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝑒−𝜆(𝑡−𝑡𝑘)𝐕(𝑡𝑘, 𝜂(𝑡𝑘), 𝜈(𝑡𝑘)). (20)

Besides, it follows the constraint (10) that 
𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝜇𝑒−𝜆(𝑡−𝑡𝑘)𝐕(𝑡−𝑘 , 𝜂(𝑡

−
𝑘 ), 𝜈(𝑡

−
𝑘 )). (21)

Furthermore, by making use of (20) and (21), for each non-triggered segment and triggered moment, one can get
When 𝑡 ∈ [𝑡0, 𝑡1), it yields 

{

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)),
𝐕(𝑡−1 , 𝜂(𝑡

−
1 ), 𝜈(𝑡

−
1 )) ≤ 𝑒−𝜆(𝑡

−
1 −𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)).

(22)

When 𝑡 ∈ [𝑡1, 𝑡2), one has 
⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝑒−𝜆(𝑡−𝑡1)𝐕(𝑡1, 𝜂(𝑡1), 𝜈(𝑡1))
≤ 𝜇𝑒−𝜆(𝑡−𝑡1)𝐕(𝑡−1 , 𝜂(𝑡

−
1 ), 𝜈(𝑡

−
1 ))

≤ 𝜇𝑒−𝜆(𝑡−𝑡1)𝑒−𝜆(𝑡
−
1 −𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0))

= 𝜇𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)),
𝐕(𝑡−2 , 𝜂(𝑡

−
2 ), 𝜈(𝑡

−
2 )) ≤ 𝜇𝑒−𝜆(𝑡

−
2 −𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)).

(23)

When 𝑡 ∈ [𝑡2, 𝑡3), one concludes 
⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝑒−𝜆(𝑡−𝑡2)𝐕(𝑡2, 𝜂(𝑡2), 𝜈(𝑡2))
≤ 𝜇𝑒−𝜆(𝑡−𝑡2)𝐕(𝑡−2 , 𝜂(𝑡

−
2 ), 𝜈(𝑡

−
2 ))

≤ 𝜇2𝑒−𝜆(𝑡−𝑡2)𝑒−𝜆(𝑡
−
2 −𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0))

= 𝜇2𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)),
𝐕(𝑡−3 , 𝜂(𝑡

−
3 ), 𝜈(𝑡

−
3 )) ≤ 𝜇2𝑒−𝜆(𝑡

−
3 −𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)).

(24)

Through repeating the iterative process, when 𝑡 ∈ [𝑡𝑘, 𝑡𝑘+1), one can derive
𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝜇𝑘𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0))

= 𝑒ln(𝜇
𝑘)𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)). (25)

Because of 𝑘 ≤ 𝑁0 +
𝑡−𝑡0
𝑇𝑎

 with 𝑁0 = 0, it can yield

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝑒
ln𝜇
𝑇𝑎

(𝑡−𝑡0)−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0))

= 𝑒−(𝜆−
ln𝜇
𝑇𝑎

)(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)). (26)

According to the constructed Lyapunov function (13), when 𝑡0 = 0, combine with 𝜃(0) = 0, one has

𝐕(0, 𝜂(0), 𝜈(0)) =
5
∑

𝜍=1
𝐕𝜍 (0, 𝜂(0), 𝜈(0))

≤ 𝜑max(𝑄𝑖)‖𝜂(0)‖2 + 𝜑max(𝑃1)∫

0

−𝜏𝑀
‖𝜂(𝑠)‖2d𝑠 + 𝜑max(𝑃2)∫

0

−𝜏(0)
‖𝜂(𝑠)‖2d𝑠

+ 𝜏𝑀𝜑max(𝑆𝑖)∫

0

−𝜏𝑀
∫

0

𝛼
‖𝜂̇(𝑠)‖2d𝑠d𝛼 + ℏ𝜑max(𝑊1)∫

0

−ℏ ∫

0

𝛼
‖𝜂(𝑠)‖2d𝑠d𝛼

+𝜛𝜑max(𝑊2)∫

0

−𝜛 ∫

0

𝛼
‖𝜂(𝑠)‖2d𝑠d𝛼 + 𝜃(0)

≤ sup
−𝜏𝑀≤𝛼≤0

‖𝜂(𝛼)‖2
[

𝜑max(𝑄𝑖) + 𝜏𝑀
(

𝜑max(𝑃1) + 𝜑max(𝑃2)
)

+ 1
2
ℏ3𝜑max(𝑊1)

+ 1
2
𝜛3𝜑max(𝑊2)

]

+ sup
−𝜏𝑀≤𝛼≤0

‖𝜂̇(𝛼)‖2
(

1
2
𝜏3𝑀𝜑max(𝑆𝑖)

)

+ 𝜃(0)

≜ 𝐴 sup
−𝜏𝑀≤𝛼≤0

‖𝜂(𝛼)‖2 + 𝐵⃗ sup
−𝜏𝑀≤𝛼≤0

‖𝜂̇(𝛼)‖2. (27)

In addition, based on 𝐕̇(𝑡, 𝜂(𝑡), 𝑖) < 0, inequality is valid below: 
𝜑min(𝑄𝑖)‖𝜂(𝑡)‖2 ≤ 𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝐕(0, 𝜂(0), 𝜈(0)). (28)
7 
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Combining with (26)–(28), one can get 

‖𝜂(𝑡)‖2 ≤ sup
−𝜏𝑀≤𝛼≤0

max
{

‖𝜂(𝛼)‖2, ‖𝜂̇(𝛼)‖2
} 𝐴 + 𝐵⃗
𝜑min(𝑄𝑖)

𝑒−(𝜆−
ln𝜇
𝑇𝑎

)𝑡. (29)

Based on the above analysis, according to Definition  2, the considered switched system (8) with 𝜔 = 0 achieves exponential stability. The detailed 
proof has been concluded. □

Remark 4.  It is pointed the proposed Lyapunov candidate 𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) in (13) encompasses all system parameter indexes. For example, it includes 
the integrals and derivatives of the state 𝜂(𝑡) and switching information 𝜈(𝑡). In addition, the dynamic variable 𝜃(𝑡) in the event-triggered mechanism 
is taken into account. This variable has the ability to optimize the number of trigger events, thereby enhancing the utilization of limited resources. 
At the same time, it is quite uncommon to integrate the maximum interval 𝜛 and the nearest interval ℏ between two consecutive triggering instants 
into 𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)). This indicates that the triggered interval indeed has a certain influence on the system’s performance. Considering all of the above 
aspects, the derived results not only expand on the existing relevant findings in Refs. [43,44], but also make the obtained results less conservative.

The following theorem will put forward sufficient criteria for enabling system (8) to achieve the desired 𝐻∞ stability performance with an 
external disturbance index 𝛾. To be more precise, Theorem  1 has already determined sufficient constraints for exponential stability of switched 
system (8) with 𝜔(𝑡) = 0. Moreover, based on zero initial value condition and non-zero 𝜔(𝑡) ∈ 2[0,+∞), Theorem  2 will guarantee that the 
inequality ∫ ∞

0 𝑧𝐻 (𝑠)𝑧(𝑠)d𝑠 ≤ 𝛾2 ∫ ∞
0 𝑤𝐻 (𝑠)𝑤(𝑠)d𝑠 is satisfied.

Theorem 2.  For presented constants 𝜆 > 0 and 𝜇 > 1, under zero initial value, when 𝜔(𝑡) is non-zero and satisfies 2[0,+∞), switched system (8) achieves 
𝐻∞ stability with a desired performance index 𝛾 if there own Hermitian matrices 𝑄𝑖 > 0, 𝑃𝜚 > 0 (𝜚 = 1, 2), 𝑆𝑖 > 0 and 𝑊𝜚 > 0, any appropriate complex 
matrices 𝑀11, 𝑀12, 𝑀22 and 𝐾 𝑖

𝜌 (𝜌 = 1, 2,… , 𝑝), positive definite matrices 𝛯𝑖 and scalar 𝛽1 > 0 such that the constraints (10) and (12) in Theorem  1 and 
the constraints are valid for all 𝑖 ∈  below: 

𝛩⃗𝑖𝜌 =

⎡

⎢

⎢

⎢

⎢

⎣

𝛩̂𝑖11𝜌 𝛩⃗12 𝛩⃗𝑖13 𝛩̂𝑖14𝜌
∗ 𝛩⃗22 0 0
∗ ∗ 𝛩⃗𝑖33 𝛩̂𝑖34𝜌
∗ ∗ ∗ 𝛩⃗𝑖44𝜌

⎤

⎥

⎥

⎥

⎥

⎦

< 0 (30)

in which 𝛩⃗𝑖44𝜌 = diag{(𝐺𝑖𝜌)
𝐻𝐺𝑖𝜌 − 𝛾

2𝐈,−𝑆𝑖}, and

𝛩̂𝑖11𝜌 =

⎡

⎢

⎢

⎢

⎢

⎣

𝛶̂ 𝑖11𝜌 𝛶⃗ 𝑖12𝜌 𝛶⃗13

∗ 𝛶⃗ 𝑖22 𝛶⃗ 𝑖23
∗ ∗ 𝛶⃗ 𝑖33

⎤

⎥

⎥

⎥

⎥

⎦

, 𝛩̂𝑖34𝜌 =
⎡

⎢

⎢

⎣

0 0
0 0
0 −𝜏𝑀 (𝐵𝑖𝜌)

𝐻𝑆𝑖

⎤

⎥

⎥

⎦

,

𝛩̂𝑖14𝜌 =

⎡

⎢

⎢

⎢

⎣

(𝐻 𝑖
𝜌)
𝐻𝐺𝑖𝜌 +𝑄𝑖𝐷

𝑖
𝜌 𝜏𝑀 (−𝐶 𝑖𝜌 + 𝐵

𝑖
𝜌𝐾

𝑖
𝜌)
𝐻𝑆𝑖

0 𝜏𝑀 (𝐴𝑖𝜌)
𝐻𝑆𝑖

0 0

⎤

⎥

⎥

⎥

⎦

with 𝛶̂ 𝑖11𝜌 = 𝑄𝑖(−𝐶 𝑖𝜌 + 𝐵
𝑖
𝜌𝐾

𝑖
𝜌) + (−𝐶 𝑖𝜌 + 𝐵

𝑖
𝜌𝐾

𝑖
𝜌)
𝐻𝑄𝑖 + 𝑃1 + 𝑃2 + ℏ2𝑊1 +𝜛2𝑊2 + 𝛽1𝛯𝑖 − 4𝑊1 − 4𝑊2 − 𝑆𝑖 + (𝐻 𝑖

𝜌)
𝐻𝐻 𝑖

𝜌, and the rest of the symbols remain 
identical to those in Theorem  1.

Proof.  After performing simple calculations, it is clear that if inequality (30) is satisfied, it inherently indicates that inequality (11) in Theorem  1 
is also valid. Therefore, when 𝜔(𝑡) = 0, it can be demonstrated that system (8) reaches exponential stability. Subsequently, construct the identical 
Lyapunov function as the one in Theorem  1 and set up the objective function as 

𝛷(𝑡) = 𝐕̇(𝑡, 𝜂(𝑡), 𝜈(𝑡)) + 𝑧𝐻 (𝑡)𝑧(𝑡) − 𝛾2𝑤𝐻 (𝑡)𝑤(𝑡). (31)

On the basis of inequalities (14a)–(17), one has

𝛷(𝑡) = 𝐕̇(𝑡, 𝜂(𝑡), 𝜈(𝑡)) +
𝑚
∑

𝜌=1

𝑚
∑

𝑞=1
ℎ𝜌(𝜗(𝑡))ℎ𝑞(𝜗(𝑡))

[

𝐻 𝑖
𝜌𝜂(𝑡) + 𝐺

𝑖
𝜌𝜔(𝑡)

]𝐻

×
[

𝐻 𝑖
𝑞𝜂(𝑡) + 𝐺

𝑖
𝑞𝜔(𝑡)

]

− 𝛾2𝜔𝐻 (𝑡)𝜔(𝑡)

≤ 𝐕̇(𝑡, 𝜂(𝑡), 𝜈(𝑡)) +
𝑚
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

𝐻 𝑖
𝜌𝜂(𝑡) + 𝐺

𝑖
𝜌𝜔(𝑡)

]𝐻 [

𝐻 𝑖
𝜌𝜂(𝑡) + 𝐺

𝑖
𝜌𝜔(𝑡)

]

− 𝛾2𝜔𝐻 (𝑡)𝜔(𝑡)

=
𝑚
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))ℜ⃗𝐻 (𝑡)𝛺𝑖

𝜌ℜ⃗(𝑡) (32)

in which ℜ⃗𝐻 (𝑡) = [ℜ𝐻 (𝑡), 𝜔𝐻 (𝑡)], 𝛺𝑖
𝜌 is defined as in Theorem  2. In addition, the inequality condition (30) can obtain that 𝛺𝑖

𝜌 < 0 holds. Similarly, 
under the circumstances, there also owns a scalar 𝜆2 > 0 such that 𝛷(𝑡) ≤ −𝜆2𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ −𝜆𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) holds, i.e., 

𝐕̇(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ −𝜆𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) + 𝜁 (𝑡) (33)

where 𝜁 (𝑡) = 𝛾2𝑤𝐻 (𝑡)𝑤(𝑡) − 𝑧𝐻 (𝑡)𝑧(𝑡). Then, similar method is adopted, it can yield 

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝑒−𝜆(𝑡−𝑡𝑘)𝐕(𝑡𝑘, 𝜂(𝑡𝑘), 𝜈(𝑡𝑘)) +
𝑡
𝑒−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼. (34)
∫𝑡𝑘

8 
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Next, by adopting the same derivation process in Theorem  1, some results can be accurately derived:
When 𝑡 ∈ [𝑡0, 𝑡1), one can infer 

{

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)) + ∫ 𝑡𝑡0 𝑒
−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼,

𝐕(𝑡−1 , 𝜂(𝑡
−
1 ), 𝜈(𝑡

−
1 )) ≤ 𝑒−𝜆(𝑡

−
1 −𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)) + ∫

𝑡−1
𝑡0
𝑒−𝜆(𝑡

−
1 −𝛼)𝜁 (𝛼)d𝛼

(35)

When 𝑡 ∈ [𝑡1, 𝑡2), one gets 
⎧

⎪

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎪

⎩

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝑒−𝜆(𝑡−𝑡1)𝐕(𝑡1, 𝜂(𝑡1), 𝜈(𝑡1)) + ∫ 𝑡𝑡1 𝑒
−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼

≤ 𝜇𝑒−𝜆(𝑡−𝑡1)𝐕(𝑡−1 , 𝜂(𝑡
−
1 ), 𝜈(𝑡

−
1 )) + ∫ 𝑡𝑡1 𝑒

−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼

≤ 𝜇𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)) + 𝜇𝑒−𝜆(𝑡−𝑡1) ∫
𝑡−1
𝑡0
𝑒−𝜆(𝑡

−
1 −𝛼)𝜁 (𝛼)d𝛼

+ ∫ 𝑡𝑡1 𝑒
−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼,

𝐕(𝑡−2 , 𝜂(𝑡
−
2 ), 𝜈(𝑡

−
2 )) ≤ 𝜇𝑒−𝜆(𝑡

−
2 −𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)) + 𝜇𝑒

−𝜆(𝑡−2 −𝑡1) ∫
𝑡−1
𝑡0
𝑒−𝜆(𝑡

−
1 −𝛼)𝜁 (𝛼)d𝛼

+ ∫
𝑡−2
𝑡1
𝑒−𝜆(𝑡

−
2 −𝛼)𝜁 (𝛼)d𝛼.

(36)

When 𝑡 ∈ [𝑡2, 𝑡3), it can derive 
⎧

⎪

⎪

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎪

⎪

⎩

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝑒−𝜆(𝑡−𝑡2)𝐕(𝑡2, 𝜂(𝑡2), 𝜈(𝑡2))

≤ 𝜇𝑒−𝜆(𝑡−𝑡2)𝐕(𝑡−2 , 𝜂(𝑡
−
2 ), 𝜈(𝑡

−
2 )) + ∫ 𝑡𝑡2 𝑒

−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼

≤ 𝜇2𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)) + 𝜇2𝑒−𝜆(𝑡−𝑡1) ∫
𝑡−1
𝑡0
𝑒−𝜆(𝑡

−
1 −𝛼)𝜁 (𝛼)d𝛼

+𝜇𝑒−𝜆(𝑡−𝑡2) ∫
𝑡−2
𝑡1
𝑒−𝜆(𝑡

−
2 −𝛼)𝜁 (𝛼)d𝛼 + ∫ 𝑡𝑡0 𝑒

−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼,

𝐕(𝑡−3 , 𝜂(𝑡
−
3 ), 𝜈(𝑡

−
3 )) ≤ 𝜇2𝑒−𝜆(𝑡

−
3 −𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)) + ∫

𝑡−3
𝑡2
𝑒−𝜆(𝑡

−
3 −𝛼)𝜁 (𝛼)d𝛼

+𝜇2𝑒−𝜆(𝑡
−
3 −𝑡1) ∫

𝑡−1
𝑡0
𝑒−𝜆(𝑡

−
1 −𝛼)𝜁 (𝛼)d𝛼

+𝜇𝑒−𝜆(𝑡
−
3 −𝑡2) ∫

𝑡−2
𝑡1
𝑒−𝜆(𝑡

−
2 −𝛼)𝜁 (𝛼)d𝛼.

(37)

Through repeating the iterative procedure, for 𝑡 ∈ [𝑡𝑘, 𝑡𝑘+1), one can definitively infer

𝐕(𝑡, 𝜂(𝑡), 𝜈(𝑡)) ≤ 𝜇𝑘𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)) + 𝜇𝑘𝑒−𝜆(𝑡−𝑡1) ∫
𝑡−1

𝑡0
𝑒−𝜆(𝑡

−
1 −𝛼)𝜁 (𝛼)d𝛼

+ 𝜇𝑘−1𝑒−𝜆(𝑡−𝑡2) ∫

𝑡−2

𝑡1
𝑒−𝜆(𝑡

−
2 −𝛼)𝜁 (𝛼)d𝛼

+ 𝜇𝑘−2𝑒−𝜆(𝑡−𝑡3) ∫

𝑡−3

𝑡2
𝑒−𝜆(𝑡

−
3 −𝛼)𝜁 (𝛼)d𝛼 +⋯ + ∫

𝑡

𝑡𝑘
𝑒−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼

≤ 𝜇𝑘
[

𝑒−𝜆(𝑡−𝑡0)𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)) + ∫

𝑡

𝑡0
𝑒−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼

]

. (38)

In addition, under the zero initial constraint, set 𝜃(0) = 0, it can derived 𝐕(𝑡0, 𝜂(𝑡0), 𝜈(𝑡0)). Then, based on constraint (38), one gets 

0 ≤ ∫

𝑡

0
𝑒−𝜆(𝑡−𝛼)𝜁 (𝛼)d𝛼. (39)

Next, Integrating both sides of constraint(39) from 0 to +∞ and reordering the integration process, it can be deduced that 

∫

∞

0 ∫

∞

𝛼
𝑒−𝜆(𝑡−𝛼)𝑧𝐻 (𝛼)𝑧(𝛼)d𝑡d𝛼 ≤ 𝛾2 ∫

∞

0 ∫

∞

𝛼
𝑒−𝜆(𝑡−𝛼)𝑤𝐻 (𝛼)𝑤(𝛼)d𝑡d𝛼. (40)

Finally, the solution of the inequality (40) can give rise to 

∫

∞

0
𝑧𝐻 (𝑠)𝑧(𝑠)d𝑠 ≤ 𝛾2 ∫

∞

0
𝑤𝐻 (𝑠)𝑤(𝑠)d𝑠. (41)

Consequently, in accordance with Definition  2, it can be inferred that system (8) attains the 𝐻∞ disturbance performance with an external index 
𝛾. The proof is now concluded. □

In order to more efficiently utilize MATLAB toolbox, it is necessary to deal with some uncertain terms and nonlinear terms in Theorem  2. 
Consequently, Theorem  3 will transform the presented nonlinear results into a linear form. 

Theorem 3.  For presented positive scalars 𝜆 and 𝜇 > 1, under zero initial value, when 𝜔(𝑡) is non-zero and satisfies 2[0,+∞), switched system (8) achieves 
𝐻∞ stability with an external performance index 𝛾 if there own positive Hermitian matrices 𝑄𝑖, 𝑃𝜚 (𝜚 = 1, 2), 𝑆𝑖 and 𝑊𝜚, any appropriate complex matrices 
𝑀11, 𝑀12, 𝑀22 and ̃𝑖

𝜌 (𝜌 = 1, 2,… , 𝑝), positive definite matrices 𝛯𝑖, scalars 𝛽1 > 0 and 𝜋𝑖 > 0 such that the constraints (10) and (12) in Theorem  1 and 
some constraints are valid below for all 𝑖 ∈ : 

𝛩̂𝑖𝜌 =

⎡

⎢

⎢

⎢

⎢

𝛩̌𝑖11𝜌 𝛩⃗12 𝛩⃗𝑖13 𝛩̌𝑖14𝜌
∗ 𝛩⃗22 0 0
∗ ∗ 𝛩⃗𝑖33 𝛩̂𝑖34𝜌

⃗ 𝑖

⎤

⎥

⎥

⎥

⎥

< 0 (42)
⎣ ∗ ∗ ∗ 𝛩44𝜌⎦

9 
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in which

𝛩̌𝑖11𝜌 =

⎡

⎢

⎢

⎢

⎢

⎣

𝛶̌ 𝑖11𝜌 𝛶⃗ 𝑖12𝜌 𝛶⃗13

∗ 𝛶⃗ 𝑖22 𝛶⃗ 𝑖23
∗ ∗ 𝛶⃗ 𝑖33

⎤

⎥

⎥

⎥

⎥

⎦

, 𝛩̌𝑖14𝜌 =
⎡

⎢

⎢

⎣

(𝐻 𝑖
𝜌)
𝐻𝐺𝑖𝜌 +𝑄𝑖𝐷

𝑖
𝜌 𝜏𝑀 ((−𝐶 𝑖𝜌)

𝐻𝑆𝑖 + 𝜋𝑖(̃𝑖
𝜌)
𝐻 )

0 𝜏𝑀 (𝐴𝑖𝜌)
𝐻𝑆𝑖

0 0

⎤

⎥

⎥

⎦

with 𝛶̌ 𝑖11𝜌 = −𝑄𝑖𝐶 𝑖𝜌−(𝐶 𝑖𝜌)
𝐻𝑄𝑖+ ̃𝑖

𝜌+(̃𝑖
𝜌)
𝐻 +𝑃1+𝑃2+ℏ2𝑊1+𝜛2𝑊2+𝛽1𝛯𝑖−4𝑊1−4𝑊2−𝑆𝑖+(𝐻 𝑖

𝜌)
𝐻𝐻 𝑖

𝜌, and the rest symbols are defined as in Theorems 
1–2. The remaining symbols are in accordance with those specified in Theorems  1–2. In addition, the admissible gain matrices are ascertained by 

𝐾 𝑖
𝜌 = (𝑄𝑖𝐵𝑖𝜌)

−1̃𝑖
𝜌 (43)

Proof .  Define 𝑆𝑖 = 𝜋𝑖𝑄𝑖. According to the detailed derivation procedure of Theorem  2 and effective design strategy 𝐾 𝑖
𝜌 = (𝑄𝑖𝐵𝑖𝜌)

−1̃𝑖
𝜌, it is not 

arduous to own the conclusion that when the constraints (10) and (12) in Theorem  1 as well as the inequalities presented below hold: 
𝛩̂𝑖𝜌 < 0 (44)

in which 𝛩̂𝑖𝜌 is defined as in (43), the desired 𝐻∞ stability is addressed. The detailed proof process is concluded. □

Remark 5.  It is well-known that, for the common control and estimation issues of switching systems, the main purpose is to design the appropriate 
controller and estimator. Meanwhile, lots of relevant results have been addressed. For example, in [44], the specific decomposition scheme is that 
matrices 𝑃𝑖,𝑝 = diag{𝑃1𝑖,𝑝, 𝑃2} and 𝑆𝜖 = diag{𝑆̄𝜖 , 𝑃2}, which can ensure 𝑃2𝐾𝑖 = 𝑌𝑖 is unique and valid. In other words, the desired estimator gains 𝐾𝑖
can be efficiently designed as 𝐾𝑖 = 𝑃−1

2 𝑌𝑖. Furthermore, in [45], the contained mode-dependent matrices 𝑃𝑖 needs to be decomposed into

𝑃𝑖 =
[

𝑃𝑖1 𝑎𝑃𝑖2
∗ 𝑏𝑃𝑖2

]

where 𝑎 and 𝑏 are two scalars. Then, some terms 𝑃𝑖2𝐴𝐹 𝑖 = 𝐴̃𝐹 𝑖, 𝑃𝑖2𝐵𝐹 𝑖 = 𝐵̃𝐹 𝑖 can be addressed. In such a situation, the filter gains that are 
expected can be obtained by 𝐴𝐹 𝑖 = 𝑃−1

𝑖2 𝐴̃𝐹 𝑖, 𝐵𝐹 𝑖 = 𝑃−1
𝑖2 𝐵̃𝐹 𝑖. However, for this paper, we only set 𝑆𝑖 = 𝜋𝑖𝑄𝑖 with 𝜋𝑖 being positive scalars. Under 

this circumstance, the derived matrices can be addresses as 𝑆𝑖𝐵𝑖𝜌𝐾 𝑖
𝜌 = 𝜋𝑖𝑄𝑖𝐵𝑖𝜌𝐾

𝑖
𝜌 = 𝜋𝑖̃𝑖

𝜌, which means that the control gain matrices are directly 
determined by 𝐾 𝑖

𝜌 = (𝑄𝑖𝐵𝑖𝜌)
−1̃𝑖

𝜌. Considering these aspects, the presented design scheme offers a convenient and direct method to investigate the 
controller and estimator design problems, which can greatly reduce the difficulty of design and analysis.

Remark 6.  With the aid of Theorem  3, the specific design steps of control gains 𝐾 𝑖
𝜌 can be summarized as following Algorithm 2:

Algorithm 2 Detailed design procedure of control gains 𝐾 𝑖
𝜌.

Step 1: Set the positive constants 𝜆, 𝜇, 𝛽1 and 𝜋𝑖 to ensure that for all 𝑖 ∈  and 𝑝 = 1, 2, all the elements within the resulting matrix inequalities 
can be transformed into linear forms;
Step 2: Relying on the general MATLAB solving toolbox, by dealing with the derived linear matrix constraints (10), (12), and (42). some necessary 
complex matrices 𝑄𝑖 and ̃𝑖

𝜌 can be obtained;
Step 3: Calculate the gain matrices 𝐾 𝑖

𝜌 = (𝑄𝑖𝐵𝑖𝜌)
−1̃𝑖

𝜌. Subsequently, the desired gain matrices 𝐾 𝑖
𝜌 can be obtained. 

In summary, the appropriate control gain matrices 𝐾 𝑖
𝜌 can be effectively designed in Theorem  3. These matrices guarantee that the considered 

system (8) attains the expected 𝐻∞ stability with a practical disturbance index 𝛾. Additionally, to more effectively showcase the generality of the 
derived criteria in Theorem  3, the subsequent two corollaries can be straightforwardly deduced.

Case 1. When the dynamic variable 𝛿(𝑡) is not considered, the proposed event triggering scheme will degenerate to 
⎧

⎪

⎨

⎪

⎩

𝑡𝑘 = min{𝑡𝑘, 𝑡𝑘},
𝑡𝑘 = inf{𝑡 > ℏ + 𝑡𝑘−1|𝜂𝐻 (𝑡𝑘−1)𝛯(𝜈(𝑡))𝜂(𝑡𝑘−1) − 𝑒𝑎𝜂̃𝐻 (𝑡)𝛯(𝜈(𝑡))𝜂̃(𝑡) ≤ 0},
𝑡𝑘 = 𝑡𝑘−1 +𝜛,

(45)

and the remaining symbols are consistent with those defined in the triggered condition (5). By virtue of Theorems  1–3, the corollary will be easily 
obtained below.

Corollary 1.  For given constants 𝜆 > 0 and 𝜇 > 1, when zero initial value is zero and disturbance 𝜔(𝑡) ∈ 2[0,+∞) is non-zero, the considered switched 
system (8) can realize 𝐻∞ stability along with a disturbance performance index 𝛾 there own useful Hermitian matrices 𝑄𝑖 > 0, 𝑃𝜚 > 0 (𝜚 = 1, 2), 𝑆𝑖 > 0
and 𝑊𝜚 > 0, some appropriate complex matrices 𝑀11, 𝑀12, 𝑀22 and ̃𝑖

𝜌 (𝜌 = 1, 2,… , 𝑝), positive definite matrices 𝛯𝑖 and positive constants 𝜋𝑖 > 0 such 
that constraints (10) and (12) in Theorem  1 and the constraints are valid for all 𝑖 ∈  below: 

𝛩̂𝑖𝜌 =

⎡

⎢

⎢

⎢

⎢

⎣

𝛩́𝑖11𝜌 𝛩⃗12 𝛩́𝑖13 𝛩̌𝑖14𝜌
∗ 𝛩⃗22 0 0
∗ ∗ 𝛩́𝑖33 𝛩̂𝑖34𝜌
∗ ∗ ∗ 𝛩⃗𝑖44𝜌

⎤

⎥

⎥

⎥

⎥

⎦

< 0 (46)

in which 𝛩́𝑖33 = diag{−𝑀22 −𝑀𝐻
22 ,−3𝑆𝑖, (1 − 𝑒

𝑎)𝛯𝑖}, and

𝛩́𝑖11𝜌 =

⎡

⎢

⎢

⎢

⎢

𝛶́ 𝑖11𝜌 𝛶⃗ 𝑖12𝜌 𝛶⃗13

∗ 𝛶⃗ 𝑖22 𝛶⃗ 𝑖23
⃗ 𝑖

⎤

⎥

⎥

⎥

⎥

, 𝛩́𝑖13 =

⎡

⎢

⎢

⎢

⎣

0 𝑀12 +𝑀22 −𝑄𝑖𝐵𝑖𝜌 − 𝛯𝑖
𝑀12 +𝑀𝐻

22 −𝑀12 +𝑀22 + 3𝑆𝑖 0

−𝑀 +𝑀𝐻 3𝑆 0

⎤

⎥

⎥

⎥

⎦

⎣

∗ ∗ 𝛶33⎦ 12 22 𝑖
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with 𝛶́ 𝑖11𝜌 = −𝑄𝑖𝐶 𝑖𝜌−(𝐶 𝑖𝜌)
𝐻𝑄𝑖+ ̃𝑖

𝜌+(̃𝑖
𝜌)
𝐻 +𝑃1+𝑃2+ℏ2𝑊1+𝜛2𝑊2+𝛯𝑖−4𝑊1−4𝑊2−𝑆𝑖+(𝐻 𝑖

𝜌)
𝐻𝐻 𝑖

𝜌. The rest of the symbols conform to the definitions 
specified in Theorems  1–3. Moreover, the controller gain matrices can also be formulated as shown in (43).

Case 2. When the ADT switching signal 𝜈(𝑡) is not taken account into system (8), that is to say, 𝑀̌ = 1, the system (8) will be transformed into 
the following T-S fuzzy complex-valued system: 

⎧

⎪

⎪

⎨

⎪

⎪

⎩

𝜂̇(𝑡) =
𝑝
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

(−𝐶𝜌 + 𝐵𝜌𝐾𝜌)𝜂(𝑡) + 𝐴𝜌𝜂(𝑡 − 𝜏(𝑡)) − 𝐵𝜌𝜂̃(𝑡) +𝐷𝜌𝜔(𝑡)
]

,

𝑧(𝑡) =
𝑝
∑

𝜌=1
ℎ𝜌(𝜗(𝑡))

[

𝐻𝜌𝜂(𝑡) + 𝐺𝜌𝜔(𝑡)
]

(47)

in which 𝐾𝜌 refers to the designed controller gain matrix. Besides, the corresponding event triggering mechanism can be constructed as 
⎧

⎪

⎨

⎪

⎩

𝑡𝑘 = min{𝑡𝑘, 𝑡𝑘},
𝑡𝑘 = inf{𝑡 > ℏ + 𝑡𝑘−1|𝜂𝐻 (𝑡𝑘−1)𝛯𝜂(𝑡𝑘−1) − 𝑒𝑎𝜂̃𝐻 (𝑡)𝛯𝜂̃(𝑡) + 𝜃(𝑡) ≤ 0},
𝑡𝑘 = 𝑡𝑘−1 +𝜛,

(48)

and the involved dynamic variable 𝜃(𝑡) obeys the following update rule: 
𝜃̇(𝑡) = 𝛽1[𝜂𝐻 (𝑡𝑘−1)𝛯𝜂(𝑡𝑘−1) − 𝑒𝑎𝜂̃𝐻 (𝑡)𝛯𝜂̃(𝑡)] − 𝛽2𝜃(𝑡). (49)

In a comparable way, based on the criteria of Theorems  1 and 2, the subsequent Corollary  2 will likewise be readily derived. 

Corollary 2.  For given positive constants 𝛽1 and 𝑎, when zero initial value is zero and disturbance 𝜔(𝑡) ∈ 2[0,+∞) is non-zero, the considered switched 
system (8) can reach desired 𝐻∞ stability with an additional performance factor 𝛾 if there own Hermitian matrices 𝑄 > 0, 𝑃𝜚 > 0 (𝜚 = 1, 2), 𝑆 > 0 and 
𝑊𝜚 > 0, some appropriate complex matrices 𝑀11, 𝑀12, 𝑀22 and ̃𝜌 (𝜌 = 1, 2,… , 𝑝), positive definite matrix 𝛯 and 𝜋 > 0 such that the matrix inequality 
holds below: 

𝛩̀𝜌 =

⎡

⎢

⎢

⎢

⎢

⎣

𝛩̀11𝜌 𝛩⃗12 𝛩̀13 𝛩̀14𝜌
∗ 𝛩⃗22 0 0
∗ ∗ 𝛩̀33 𝛩̀34𝜌
∗ ∗ ∗ 𝛩̀44𝜌

⎤

⎥

⎥

⎥

⎥

⎦

< 0 (50)

where 𝛩̀33 = diag{−𝑀22 −𝑀𝐻
22 ,−3𝑆, 𝛽1(1 − 𝑒

𝑎)𝛯}, 𝛩̀44𝜌 = diag{𝐺𝐻𝜌 𝐺𝜌 − 𝛾
2𝐈,−𝑆}, and

𝛩̀11𝜌 =

⎡

⎢

⎢

⎢

⎣

𝛶̀11𝜌 𝛶̀12𝜌 𝛶⃗13
∗ 𝛶̀22 𝛶̀23
∗ ∗ 𝛶̀33

⎤

⎥

⎥

⎥

⎦

, 𝛩̀13 =

⎡

⎢

⎢

⎢

⎣

0 𝑀12 +𝑀22 −𝑄𝑖𝐵𝜌 − 𝛽1𝛯

𝑀12 +𝑀𝐻
22 −𝑀12 +𝑀22 + 3𝑆 0

−𝑀12 +𝑀𝐻
22 3𝑆 0

⎤

⎥

⎥

⎥

⎦

,

𝛩̀34𝜌 =
⎡

⎢

⎢

⎣

0 0
0 0
0 −𝜏𝑀𝐵𝐻𝜌 𝑆

⎤

⎥

⎥

⎦

, 𝛩̀14𝜌 =
⎡

⎢

⎢

⎣

𝐻𝐻
𝜌 𝐺𝜌 +𝑄𝐷𝜌 𝜏𝑀 (−𝐶𝐻𝜌 𝑆 + 𝜋̃𝐻

𝜌 )
0 𝜏𝑀𝐴𝐻𝜌 𝑆
0 0

⎤

⎥

⎥

⎦

with

𝛶̀11𝜌 = −𝑄𝐶𝜌 − 𝐶𝐻𝜌 𝑄 + ̃𝜌 + ̃𝐻
𝜌 + 𝑃1 + 𝑃2 + ℏ2𝑊1 +𝜛2𝑊2 + 𝛯 − 4𝑊1 − 4𝑊2 − 𝑆 +𝐻𝐻

𝜌 𝐻𝜌,

𝛶̀12𝜌 = 𝑆 +𝑄𝐴𝜌 −𝑀11 −𝑀22 −𝑀12 −𝑀𝐻
12 , 𝛶̀23 = −𝑀11 +𝑀𝐻

12 +𝑀12 −𝑀22 − 3𝑆,

𝛶̀22 = −(1 − 𝜛⃗)𝑃2 − 4𝑆 +𝑀11 +𝑀𝐻
11 −𝑀22 −𝑀𝐻

22 , 𝛶̀33 = −𝑃1 − 3𝑆,

and the remaining symbols are defined exactly in the same way as in Theorem  1. In addition, the permitted control gain matrices can be ascertained through 

𝐾𝜌 = (𝑄𝐵𝜌)−1̃𝜌. (51)

4. Numerical example

In the next section, a numerical simulation is presented to verify rationality and effectiveness of addressed theoretical criteria. Take into account 
a T-S fuzzy ADT switching CVN that has three switching signals and two fuzzy rules, i.e.,  = {1, 2, 3} and 𝑝 = 2, the associated system parameters 
are chosen be 𝐶1

1 = diag{0.02, 0.01}, 𝐶2
1 = diag{0.01, 0.01}, 𝐶3

1 = diag{0.02, 0.03}, 𝐶1
2 = diag{0.01, 0.02}, 𝐶2

2 = diag{0.02, 0.01}, 𝐶3
2 = diag{0.03, 0.02}, 

and

𝐴1
1 =

[

0.1 + 0.4𝐢 −0.2 − 0.5𝐢
0.3 − 0.1𝐢 0.1 + 0.2𝐢

]

, 𝐴2
1 =

[

0.2 + 0.2𝐢 0.2 − 0.1𝐢
0.4 + 0.1𝐢 0.1 + 0.4𝐢

]

, 𝐴3
1 =

[

0.3 + 0.1𝐢 −0.1 − 0.3𝐢
0.1 − 0.2𝐢 0.2 + 0.1𝐢

]

,

𝐴1
2 =

[

0.2 + 0.3𝐢 −0.2 − 0.4𝐢
0.3 − 0.2𝐢 0.2 + 0.1𝐢

]

, 𝐴2
2 =

[

0.3 + 0.2𝐢 0.2 − 0.3𝐢
0.2 + 0.2𝐢 0.3 + 0.4𝐢

]

, 𝐴3
2 =

[

0.3 + 0.2𝐢 −0.2 − 0.3𝐢
0.3 − 0.3𝐢 0.3 + 0.2𝐢

]

,

𝐻1
1 =

[

0.3 + 0.2𝐢 −0.1 + 0.4𝐢
0.5 − 0.2𝐢 0.4 − 0.3𝐢

]

, 𝐻2
1 =

[

0.2 + 0.4𝐢 0.6 + 0.1𝐢
0.1 + 0.3𝐢 −0.2 + 0.5𝐢

]

, 𝐻3
1 =

[

−0.3 + 0.1𝐢 0.4 + 0.1𝐢
0.2 − 0.5𝐢 0.7 + 0.2𝐢

]

,

𝐻1
2 =

[

0.4 + 0.1𝐢 −0.2 + 0.3𝐢
]

, 𝐻2
2 =

[

0.3 − 0.3𝐢 0.5 + 0.2𝐢
]

, 𝐻3
2 =

[

−0.4 + 0.2𝐢 0.5 + 0.2𝐢
]

,

0.4 − 0.3𝐢 0.5 − 0.2𝐢 0.2 + 0.4𝐢 −0.3 + 0.4𝐢 0.1 − 0.3𝐢 0.6 + 0.3𝐢

11 
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Fig. 1. The evolution of ADT switching signal 𝜈(𝑡).

𝐵1
1 =

[

0.09 + 0.02𝐢 0.11 + 0.01𝐢
0.14 + 0.01𝐢 0.12 + 0.02𝐢

]

, 𝐵2
1 =

[

0.11 + 0.02𝐢 0.05 + 0.01𝐢
0.08 + 0.01𝐢 0.12 + 0.02𝐢

]

,

𝐵3
1 =

[

0.09 + 0.03𝐢 0.03 + 0.02𝐢
0.05 + 0.01𝐢 0.14 + 0.03𝐢

]

, 𝐵1
2 =

[

0.08 + 0.03𝐢 0.10 + 0.02𝐢
0.13 + 0.02𝐢 0.11 + 0.03𝐢

]

,

𝐵2
2 =

[

0.12 + 0.03𝐢 0.04 + 0.02𝐢
0.07 + 0.02𝐢 0.11 + 0.18𝐢

]

, 𝐵3
2 =

[

0.11 + 0.02𝐢 0.05 + 0.03𝐢
0.04 + 0.02𝐢 0.09 + 0.03𝐢

]

,

𝐷1
1 =

[

0.12 + 0.06𝐢 0.04 − 0.11𝐢
−0.07 + 0.12𝐢 0.13 − 0.03𝐢

]

, 𝐷2
1 =

[

0.15 − 0.05𝐢 −0.09 + 0.13𝐢
0.08 + 0.09𝐢 0.11 + 0.07𝐢

]

,

𝐷3
1 =

[

−0.14 + 0.08𝐢 0.17 − 0.02𝐢
0.06 − 0.10𝐢 0.14 + 0.05𝐢

]

, 𝐷1
2 =

[

0.13 + 0.08𝐢 0.06 − 0.13𝐢
−0.08 + 0.14𝐢 0.11 − 0.05𝐢

]

,

𝐷2
2 =

[

0.13 − 0.03𝐢 −0.07 + 0.15𝐢
0.11 + 0.08𝐢 0.13 + 0.09𝐢

]

, 𝐷3
2 =

[

−0.11 + 0.04𝐢 0.14 − 0.03𝐢
0.07 − 0.11𝐢 0.15 + 0.07𝐢

]

𝐺1
1 =

[

0.05 + 0.02𝐢 −0.03 − 0.01𝐢
0.02 − 0.04𝐢 0.04 + 0.01𝐢

]

, 𝐺2
1 =

[

0.07 − 0.01𝐢 0.02 + 0.03𝐢
−0.01 + 0.02𝐢 0.03 + 0.01𝐢

]

,

𝐺3
1 =

[

−0.02 + 0.01𝐢 0.06 − 0.03𝐢
0.01 − 0.04𝐢 0.05 + 0.02𝐢

]

, 𝐺1
2 =

[

0.03 + 0.01𝐢 −0.05 + 0.02𝐢
0.03 − 0.06𝐢 0.03 + 0.02𝐢

]

,

𝐺2
2 =

[

0.06 − 0.02𝐢 0.04 + 0.04𝐢
−0.03 + 0.01𝐢 0.01 + 0.04𝐢

]

, 𝐺3
2 =

[

−0.01 + 0.03𝐢 0.03 − 0.04𝐢
0.03 − 0.01𝐢 0.02 + 0.04𝐢

]

.

Besides, the considered time-varying delay is picked as 𝜏(𝑡) = 0.3+0.3 sin(𝑡) with 𝜏𝑀 = 0.6 and 𝜛⃗ = 0.3. The other essential parameters are designated 
as 𝜆 = 0.1, 𝜇 = 1.2, and 𝜋1 = 𝜋2 = 𝜋3 = 0.01. Based on inequality (12), it can be derived that 𝑇 ∗

𝑎 = 1.8232. Thus, for the adopted ADT switching 
scheme, the fundamental parameters are configured as 𝑁0 = 0 and 𝑇𝑎 = 2. Regarding the dynamic event-triggered scheme (5), the parameter values 
are specified as 𝑎 = 0.1, 𝛽1 = 0.5, 𝛽2 = 1, 𝜛 = 1, ℏ = 0.2, 𝜃(0) = 0, and

𝛯1 =
[

5.3397 −0.5333
−0.5333 4.7665

]

, 𝛯2 =
[

5.1019 −0.6727
−0.6727 6.7002

]

, 𝛯2 =
[

5.1627 0.0789
0.0789 5.0468

]

.

Set 𝛾 = 4.4176, based on the previously defined parameters, the obtained matrix inequalities (10), (12), and (42) can be effectively solved 
through MATLAB LMI Toolbox, which yields feasible solutions. For brevity, some representative solutions are shown as follows:

𝑆2 = 0.01 ∗
[

20.2905 −7.5129 + 0.0771𝐢
−7.5129 − 0.0771𝐢 16.9991

]

, 𝑀12 =
[

0.4152 0.0345
−0.1412 0.4328

]

,

𝑄1 =
[

19.6132 −7.6027 + 0.1708𝐢
−7.6027 − 0.1708𝐢 16.4774

]

, 𝑄3 =
[

19.1740 −7.0649 + 0.1755𝐢
−7.0649 − 0.1755𝐢 16.2199

]

,

𝐾̃2
1 =

[

−74.9230 + 3.7341𝐢 3.2485 + 0.2867𝐢
−5.5986 − 0.1849𝐢 −81.8375 + 3.1385𝐢

]

, 𝑃1 =
[

19.5108 −0.0793 − 0.0315𝐢
−0.0793 + 0.0315𝐢 19.3950

]

,

𝐾̃3
2 =

[

−79.3899 + 2.4430𝐢 1.7263 + 3.5885𝐢
1.4196 + 1.7999𝐢 −71.7713 + 4.1607𝐢

]

, 𝑊2 =
[

3.7243 −0.0027 + 0.0007𝐢
−0.0027 − 0.0007𝐢 3.7243

]

.

Depending on the above derived matrices, desired control gain matrices can be designed as

𝐾1
1 =

[

35.6862 − 29.7747𝐢 −55.1581 + 21.5879𝐢
]

, 𝐾1
2 =

[

35.7483 − 29.4052𝐢 −53.1480 + 20.9377𝐢
]

,

−68.2856 + 19.4812𝐢 25.9539 − 24.5314𝐢 −69.0498 + 22.7884𝐢 15.8940 − 26.8937𝐢

12 
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Fig. 2. The variation of membership functions ℎ1(𝜑(𝑡)) and ℎ2(𝜑(𝑡)).

Fig. 3. State trajectories of the uncontrolled dynamical system.

Fig. 4. State trajectories of the closed-loop system.
13 
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Fig. 5. The trajectory of the designed controller (7).

Fig. 6. The trajectory of the dynamic variable 𝜃(𝑡).

𝐾2
1 =

[

−45.4278 − 6.6694𝐢 5.5860 + 0.3938𝐢
10.7912 + 2.9943𝐢 −49.9853 − 6.2188𝐢

]

, 𝐾2
2 =

[

−38.8709 − 5.8692𝐢 −6.3044 + 2.0214𝐢
2.0207 + 4.1102𝐢 −18.6549 − 19.9090𝐢

]

,

𝐾3
1 =

[

−47.8173 − 12.5490𝐢 −5.2798 − 5.6009𝐢
4.3866 + 2.0364𝐢 −38.8308 − 3.9969𝐢

]

, 𝐾3
2 =

[

−41.4661 + 14.2751𝐢 −3.0538 − 5.8352𝐢
−1.3874 − 6.7095𝐢 −59.8902 − 9.7103𝐢

]

.

Accordingly, as a result of Theorem  3, the switched system (8) reaches 𝐻∞ stability under the proposed event-triggered fuzzy controller (7).
On another front, in order to fully exhibit the relevant dynamic characteristics of the considered switched system (8), a visual analysis will be 

presented through several figures. Initially, the initial value of system (8) is set as 𝜂(𝑠) = [3.2 + 2.4𝐢 − 2.2 − 1.5𝐢]𝑇  for 𝑠 ∈ [−0.6, 0). Moreover, the 
following membership functions are adopted:

ℎ1(𝜗(𝑡)) =
1

1 + 𝑒−2𝑡
, ℎ2(𝜗(𝑡)) = 1 − 1

1 + 𝑒−2𝑡
.

Specifically, Fig.  1 distinctly presents the dynamic evolution of the ADT switching signal 𝜈(𝑡) with all switching points explicitly marked, and 
Fig.  2 demonstrates the temporal variation of the membership functions ℎ1(𝜗(𝑡)) and ℎ2(𝜗(𝑡)). To validate effectiveness of designed event-triggered 
fuzzy controller (7), for 𝜂(𝑡) = [𝜂𝑅1 (𝑡) + 𝜂𝐼1 (𝑡)𝐢 𝜂𝑅2 (𝑡) + 𝜂𝐼2 (𝑡)𝐢]

𝑇  and 𝑢(𝑡) = [𝑢𝑅1 (𝑡) + 𝑢𝐼1 (𝑡)𝐢 𝑢𝑅2 (𝑡) + 𝑢𝐼2 (𝑡)𝐢]
𝑇 , Figs.  3 and 4 illustrate state trajectories 

of both open-loop system and closed-loop system. depict the state trajectories of the open-loop system and the closed-loop system, respectively, 
which can validate effectiveness of proposed controller (7). Besides, the control trajectory is shown in Fig.  5. The experimental results indicate that, 
under the implement of controller (7), the involved system (8) with 𝜔(𝑡) = 0 achieves exponential stability, and the controller exhibits superior 
control performance. Additionally, Fig.  6 characterizes the trajectory of the dynamic variable 𝜃(𝑡). Furthermore, Fig.  7 shows a comparison results 
of different triggered mechanisms: the left panel displays the triggering instants and intervals induced dynamic event-triggered scheme (5) with 85 
total triggers, while the right panel depicts its static one with 95 triggers. In addition, Table  1 further lists the time-triggered results, with a total 
count of 101 triggering times. It is straightforward to draw a conclusion that, compared to the static and time-triggered mechanisms, the dynamic 
event-triggered mechanism can reduce triggering frequency by 10.5% and 15.8%, respectively, which provides an efficient communication strategy 
14 
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Fig. 7. Triggering instants and intervals generated by dynamic/static event-triggered mechanisms.

Fig. 8. The time response of the output signal 𝑧(𝑡) under zero initial condition.

Table 1
Feasible triggering times across various triggered strategies.
 Scheme Dynamic form in Theorem  3 Static form in [46] Time-triggered form in [26] 
 Triggering times 85 95 101  

Table 2
The trend of 𝛾 under various selections of 𝜘.
 Theorem  3 Various selections of ℏ
 0.2 0.6 1.0 1.4 1.8  
 𝛾 4.4176 4.4171 4.4160 4.4143 4.4120 

for resource-constrained systems. Moreover, the external disturbance 𝜔(𝑡) = [𝜔1(𝑡) 𝜔2(𝑡)]𝑇  is set as

𝜔𝜚 =

⎧

⎪

⎨

⎪

⎩

0.3 sin(0.2𝑡), 𝜚 = 1, 𝑡 ∈ [0, 5]
0.6 cos(0.3𝑡), 𝜚 = 2, 𝑡 ∈ [0, 5]
0, 𝑡 ∈ [5,∞).

In the case of zero initial value, the time response of the output signal 𝑧(𝑡) = [𝑧𝑅1 (𝑡) + 𝑧
𝐼
1 (𝑡)𝐢 𝑧

𝑅
2 (𝑡) + 𝑧

𝐼
2 (𝑡)𝐢]

𝑇  is presented in Fig.  8, which can verify 
the 𝐻∞ disturbance attenuation performance of the considered system (8).

Subsequently, the influence of event-triggered parameters on the considered system’s disturbance attenuation performance is systematically 
analyzed. Through rigorous numerical experiments, precise influences of involved scalars ℏ, 𝛽1, and 𝜛 on given system’s 𝐻∞ performance are 
accurately investigated. Tables  2–4 present the quantitative variation of the disturbance attenuation level 𝛾 with respect to different parameters. 
The results reveal a consistent negative correlation between ℎ, 𝛽1, 𝜛 and 𝛾, which indicate that optimal parameter configuration can significantly 
improve the disturbance attenuation performance.
15 
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Table 3
The variations of 𝛾 with respect to different values of 𝛽1.
 Theorem  3 Different values of 𝛽1
 0.1 0.5 0.9 1.3 1.7  
 𝛾 4.4434 4.4176 4.3141 4.2544 4.2206 

Table 4
The evolution of 𝛾 across multiple settings of 𝜛.
 Theorem  3 Multiple settings of 𝜛
 0.6 1.0 1.4 1.8 2.2  
 𝛾 4.4187 4.4176 4.4160 4.4137 4.4108 

5. Conclusion

This article explores the 𝐻∞ control issue of T-S fuzzy switched CVNs with time-varying delay and ADT mechanism has been addressed. For the 
purpose of optimizing the communication load and economizing on the restricted communication resources, an efficient dynamic event-triggered 
strategy is proposed. This strategy is capable of directly preventing the emergence of common Zeno behavior. Based on this, a new T-S fuzzy 
event-triggered controller is introduced. In accordance with utilization of Lyapunov stability analysis, certain complex matrix inequality methods 
and the ADT technique, some sufficient and less conservative criteria are derived to ensure that the considered CVN achieves 𝐻∞ stability with 
an external disturbance performance index. At the same time, the controller gains we want can be precisely worked out by resolving the resulting 
complex matrix inequalities. Ultimately, a numerical example together with the simulation results is presented to show the practicality and validity 
of the proposed design strategy for the fuzzy controller. In addition, taking into account the existing research results in [47,48], we will focus 
on the memory-based event-triggered 𝐻∞ control issue for fuzzy switched CVNs with ADT constraint. This approach can incorporate historical 
transmitted information into the current trigger conditions, thereby enhancing the control performance. In this situation, future research will be 
of greater practical significance.
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