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Abstract:-This work addresses the issue of achieving exponential consensus in a stochastic multi- 

agent system with a leader, utilizing a non-fragile sample data control approach. The proposed system 

incorporates a Markovian jumping parameter, and a directed graph with two switches represents the 

communication between agents. The leader agent assumes the role of guiding the other agents in 

the system. The linear matrix inequality format is derived by generating an appropriate Lyapunov 

Krasovskii functional for the stated system, using the implementation of integral inequality. Numerical 

examples are provided to demonstrate the efficiency of the specified method. 
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control. 

 

1. Introduction 

A specific kind of complex dynamical system called a multi-agent systems (MASs) is made up of several 

independent interacting agents and is designed to solve problems that isolated systems find challenging to solve. 

MASs can achieve all system states simultaneously by utilizing the data collected from their nearby agents [1], 

[2]. Numerous applications of MASs exist, including flocking, autonomous vehicles, spacecraft formation 

control, multi-robot, cooperative control of unmanned aircraft, and DC microgrid [3]- [6]. Developing a 

consensus problem-solving control protocol based on local information exchange that would enable all MAS 

agents to agree on particular circumstances or interests was the fundamental objective of all these experiments. 

In the past 10 years, consensus control for multi-agent systems (MASs) has garnered a lot of research attention 

due to its potential applications in several scientific and technical domains [7], [8]. Generally speaking, the main 

objective of consensus is to getthe agents to agree on a crucial parameter. 

It is well known that physical processes always have a temporal delay in their performance and/orinstability. 

Consequently, the consensus problem of MAS with time delays has caused great concern in the past few years 
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[9], [10]. In message-passing algorithms , communication topology is essential for transmitting information 

from a leader agent to follower agents. A multi-agent system with a leader who guides the other agents is 

examined in [11] consensus. For convenience, the communication topology is represented here as an undirected 

graph, though it is typically regarded as a directed graph [12], [13]. [14] examines the consensus of MASs with 

a directed graph. Stochastic noises and disturbances are unavoidable in real-world scenarios for practical 

systems. Stochastic systems are constructed with the previously specified parameters to circumvent these is-

sues. Stochastic dynamical systems have been the subject of several fruitful research projects recently. In [15] 

and [16], consensus in stochastic multi-agent systems is thoroughly examined. Unpredictable structural 

fluctuations, such as repairs resulting from abrupt environmental shocks, subsystem break- downs, and random 

component failures of systems, are commonly represented by Markov chains. Consensus of MASs with 

Markovian jumping parameter is investigated in [17].  

Note that there are unknowns in the controller implementation that can cause instability in the final closed-loop 

system, so it's not always exact. To avoid this situation, the contemplated controller should be prepared to accept 

a certain amount of ambiguity. One subclass of robust controllers that can overcome these obstacles is called 

non-fragile controllers. Consensus of a non-linear multi-agent system with non-fragile control is investigated in 

[18]. However, in many real-world applications,,information sharing between agents can only occur under 

specific model conditions because of the use of digital sensors and limited bandwidth communication pathways. 

Instead of using continuous-time control, sampled-data control could be used to address this problem. Sampled-

data systems contain continuous-time plants with discrete-time control updates. The control community has a 

long tradition of employing sampled-data controls in many different research areas. The consensus of a multi-

agent system with sampled-data control is studied in [19] and [20]. In [21], the exponential consensus of 

nonlinear multi-agent systems with Lipschitz conditions is investigated with reference to the sampled data. 

Explored in [22] is the phenomenon of exponential consensus in non-linear multi-agent systems,including semi-

Markov switching topologies.To our best knowledge, there has not yet been a thorough examination of the 

exponential consensusof stochastic multi-agent systems with Markovian jumping parameters utilizing non-

fragile sampled-data control. The study is motivated by this. 

The main highlights of this paper are listed below: 

 Considered is the issue of the leader adhering to the exponential consensus in a multi-agentsystem 

involving a stochastic process. 

 Two switches in a directed graph facilitate agent communication. Two modes are examinedfor jumping 

parameters. 

 To attain the acceptable condition for the multi-agent system, an appropriate variant of LKFwith 

double integrals is also systemized. 

 Numerical examples are shown at the end to highlight the effectiveness of the derived theoretical 

results. 

This is how the rest of the paper is organized. Section 2 contains the introduction, problem 

explanation, and control description. In section 3, non-fragile sampled-data control is used to construct 

a leader following consensus for a nonlinear multi-agent system. In section 4, a numerical result is 

provided to demonstrate the viability of the suggested system. The paper's conclusion is provided in 

section 5. 

Notations:Notations are utterly usual.  denotes n dimensional Euclidean space and     is the set of all 

    real matrices.The symbol * denotes the symmetric term in the matrix. The transpose and inverse for the 

matrix    is denoted by           ,respectively,  is the identity matrix with appropriate dimension,    is 

a symmetric positive definite matrix,theKronecker product of matrices                           

2.Problem Description And Preliminaries 
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The network communication topology of the proposed stochastic multi-agent system is indicated by a switching 

directed graph              where                denotes the set of agents, 

     is the set of edges and    [   
 ]

   
 represent the adjacency matrix. The elements in the      are 

defined by    
       (     )            

     otherwise. A switching signal   is defined by       [     

             where S is the number of possible topologies.The neighbour set    can be represented by    

             .The degree matrix of the directed graph which can be calculated by         and 

guarantees ∑    
    

   . 

Here we consider stochastic multi-agent system with   intellignt following agents and one leader denoted by 

directed graph   
̅̅ ̅ .The topological connection between each following agent and leader is represented through a 

directed graph                     ,which is a subgraph of directed graph   
̅̅ ̅ .The element of the 

weighted adjacency matrix     [   
 ]

   
  satisfy that                        if and only if I can 

receive the information node j,i.e.,       .The leader adjacency matrix is defined as a diagonal matrix 

 ̅                   where      if the followeragent   has access to the leader’s state            .The 

Leader’s state information    cannot be available to all the follower agents but not only a part of the agents.Let 

us denote ̂      ̅ 

Now consider the a stochastic multi-agent system, and its dynamics among each agent are represented as 

       [                                  ]                                 (1) 

Where          is a state of the ith agent;      is the control input and           is a non-linear function and 

it assumed later 

          ,                is a noise term on ith agent;             dimensional Brownian motion defined 

on a probability space with   [     ]      

         , is a continuous-time Markovian Process taking the values from the finite space   with transition 

probability matrix                   

  ( (      )          )  {
         (    )        

           (    )        
 

where                
 (    )

    
     d       is the transition rate from mode p at time t to mode q at time 

       if     and      ∑          
         

             , are known constants matrices. 

The state feedback controller is taken as 

      ∑    
  [             ]                 

   ,      (2) 

where𝓚 is the feedback controller can be determined later and                entry of the adjacency matrix of 

the communication topology   

Here we consider a non-fragile control as 

      ∑    
       [             ] 

 
          (3) 

where      is potential multiplicative controllers gain peturbations and its satisfies             , 

           ,where          are two given matrices and      is unknown matrix 

In addition ,it is very critic to prove that the carried states to controllers are always continuous,So the sampled-

data control method is introduced in this stabilize the system.Sampling instants of the systems state variables are 

measured at the time instants                       define the sampling interval 
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          between the consecutive instants                       

                          , Also let          .Define          (      ) 

where     is time varying delay and it satisfies           ̇      

Then the non-fragile sampled data state feedback controller can be written as 

            ∑    
    (      )             

    .      (4) 

Now (1) becomes 

       [             (    )      ∑    
    (      )            

   ]            ]   

                              .         (5) 

Leader of the network is labled as     Then the dynamics of agent with leader is as follows 

       [                    ]                                 ]. 

Error system is obtainedby synchronizing the (5) and (6), it can be given as                  . 

Therefore from (5) and (6) we get 

       [                     ∑    
    (      )            

   ]            ]   

 ̂                  ,           (7) 

where                                 

 ̂                                            , 

For our ease ,we denote the terms  (    )        are as  ,   respectively 

Under the properties of Kroneckerproduct,the MASs can be written as 

      [(     )     (     )( 
    )              (      )           ]   

 ̂                             (8) 

Where      [  
       

     
 ] . 

The following assumption,definition,and lemmas are very needful for deriving the results. 

Assumtion 2.1.There exists a known real constant matrix  such that the unknown nonlinear vector function 

           in system satisfies the following boundedness condition: 

‖          ‖  ‖      ‖for any          

A noise intensity function satisfies the following assumption 

Assumption 2.2.The noise intensity function             is uniformlyLipshitz continuous in terms of the 

following inequalityof trace inner product 

                                         
         , 

where                  are known constant matrices with appropriate dimension. 

Definitin 2.3 [23] The stochastic multi-agent systems (1) and (2) with the protocol (3) is said to exponentially 

reach mean-square leader following consensus if the error system(5) is exponentially 

Mean-square stable,that is ,there exists constannts         such that 

  ‖    ‖                     ‖   ‖  where     is the initial value of (5) 

Lemma 2.4(Jensen’s inequality) [24] for many constant matrix                scalars 
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            , and vector   [   ]    such that the following integration are well defined then, 

      ∫               (∫       
 

 
)
  

 
  ∫       

 

 
 . 

Theorem 3.1.  consider the stochastic non-linear multi-agent systems in (1) satisfying Assumtion 2.1 and 

2.2.Suppose that there exist a symmetric matrices         scalar    and for any known positive scalars       

such that the following linear matrix inequalities 

                      (9) 

  [ ]     ,            (10) 

Where 

     (      )(     )  (     )
 
(      )

 
 ∑    (      )           

 
   (   

    )  (     )
 
        (     ), 

                         ,           ,                 

                      ,          ,                 ,        

                 ,                  

       ,       ,        

are satisfied .Moreover the controller gain matrix is gain matrix is given by     

Proof: Consider the LyapunovKarsovskii functional as 

                  (      )    ,        (11) 

             ∫             
 

   
            ,       (12) 

              ∫ ∫  ̇    
 

 

 

   
       ̇       ,       (13) 

Based on Ito’s formula 

                            [            ]                            ̂               (14) 

where 

            ∑               
    and               

            

  
. 

By manipulating the derivative of             through the trajectories of the system, we get 

                    (      )[(     )     (     )( 
    )              (      )  

         ]  ∑     
     

   (      )          { ̂           (      ) ̂          }  

   ̂                           .       (15) 

                                                       ,     (16) 

                 ̇           ̇         ∫  ̇    
 

   
       ̇                   , 

 (17) 

The integral terms in (15) can be written as 
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      ∫  ̇    
 

   
       ̇      

      ∫ ∫  ̇    
 

   
       ̇       ∫ ∫  ̇    

 

   
       ̇     

 

      

      

   
   

     (18) 

By using Jensen’s inequality we get 

      ∫  ̇    
      

   
       ̇            (∫  ̇    

      

   
 ̇     )

 
      ∫  ̇    

      

   
 ̇     ,   

        (19) 

,      ∫  ̇    
  

   
       ̇            (∫  ̇    

 

   
 ̇     )

 
      ∫  ̇    

 

   
 ̇      (20) 

From the assumption 2.1 we get 

                                            ,      (21) 

From the assumption 2.2 we get 

       ̅           ̅           ̅
  ̅ , 

    
                    

                               (22) 

where ̅   ̂              is unknown positive scalar         is a known constant 

By incorporating (13)-(20) and taking the mathematical expectation,we get 

                            

  
  [            ]               , 

    
           ,         (23) 

where  
     [  (      )                ] ∫  ̇     

      

   
∫  ̇     

 

      
 obviously from the 

            ,   [ ]      is hold.From(21) we have, 

                                ,        (24) 

Combaining  (12) with (22) and integrating we have 

                                     ,       (25) 

            ∫            
 

   
, that there exist a positive scalars      such that 

  ‖    ‖
                            ‖    ‖ ,       (26) 

Where             (   )      and      (    (   )    )                      

Then from (23) and (24) we get 

  ‖    ‖                 ‖    ‖  ,        (27) 

where ,  
  

  
.Therefore,from Definition 2.1,the closed-loop error system (7) is exponentially stable in mean-

square,which shows that the leader-following exponential consensus problem of the stochastic multi-agent 

system is derived.This completes the proof. 

Remark 3.2.consider the stochastic multi-agent system (8) without Markovian jumping parameters,then 

      [(     )     (     )( 
    )              (      )           ]   

 ̂                            (28) 
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The exponential consensus of the stochastic multi-agent system without Markovian jumping parameters via 

Non-fragile sampled-data control is derived in the following theorem 

Theorem 3.3:Consider the stochastic non-linear multi-agent systems in (28) satisfying Assumtion 2.1 and  

2.2.Suppose that there exist a symmetric matrices         scalar    and for any known positive scalars       

such that the following linear matrix inequalities, 

  [ ]      

where, 

                                                   

                      , 

                         ,           ,                 

                      ,          ,                 ,        

                 ,                  

       ,       ,        

are satisfied .Moreover the controller gain matrix is gain matrix is given by       

Proof: Consider same LKF and same procedure in Theorem 3.1 

Remark:3.4 consider a linear Stochastic multi-agent system, 

       [                         ]                               ,    (30) 

Leader of the network is labelled as    .Then the dynamics of agents with leader is as follows 

       [           ]                               ,      (31) 

Error system can be given as                   

       [                ∑    
    (      )            

   ]    ̂                , (32) 

Then,by the properties of Kronecker product 

      [(     )     (     )( 
    )              (      )           ]   

 ̂                  .          (33) 

The exponential consensus of linear stochastic MASs can be derived from the following system 

Theorem 3.5 Consider the stochastic non-linear multi-agent systems in (33) satisfying Assumtion 2.2.Suppose 

that there exist a symmetric matrices         scalar    and for any known positive scalars       such that the 

following linear matrix inequalities, 

            ,           (34) 

  [ ]     ,            (35) 

where 

     (      )(     )  (     )
 
(      )

 
 ∑    (      )           

 
   (   

    )  (     )
 
        (     ), 

           ,       (       )
,                      ,          , 

                 ,                 ,       ,               
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Are satisfied .Moreover the controller gain matrix is gain matrix is given by     

Proof:Consider the LyapunovKarasii functional as, 

                  (      )    , 

             ∫             
 

   
            , 

              ∫ ∫  ̇    
 

 

 

   
       ̇       , 

The same procedure follows from theorem 3.1 

4. Numerical examples 

In this section, we provide a numerical example to show the validity and feasibility of the proposed 

control scheme. We consider a leader-follower stochastic input delayed multi-agent system with one 

leader, four follower agents, and two jump nodes. 

Example 4.1The coefficient matrices of stochastic input delayed multi-agent sysyem (5) are given as 

follows:Mode 1: 

   *
       
      

+,   *
      
   

+,    *
    
    

+,    *
    
    

+ 

Mode 2: 

   *
     
     

+,   *
      
     

+,    *
    
    

+ 

And the transition probability matrix is   *
       
       

+ 

Our main task is to validate the suggested exponential consensus protocol for stochastic multi-agent 

system (1) with the precedent parameter values. For this reason, the constraints denoted in Theorem 

3.1 are solved by using known numerical programming, then the feedback gain matrix is obtained as 

  *
              
             

+. 

5. Conclusion 

This study discusses Markovian jumping parameters and the leader following the exponential con- 

sensus of a stochastic multi-agent system with non-fragile sampled-data control. The Laplacian matrix 

can be used to determine the relationship between the leader and other followers, represented by the 

directed graph in a communication graph. Sufficient requirements have been deduced for stochastic 

multi-agent systems to achieve an exponential decay rate in consensus based on the algebraic graph 

theory, or Lyapunov theory. The consensus criterion and controller gain matrix for a non-linear multi- 

agent system are derived using well-known numerical programming. Terminally, a numerical example 

has been provided to demonstrate the validity and correctness of the inferred conditions. 
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