
  

 

 
Abstract - This paper integrates a multi-agent broadcast 

controller with an event triggered distributed controller to solve 

multi agent motion coordination consensus issue. The broadcast 

controller has been designed by using the Simultaneous 

Perturbation Stochastic Algorithm. A distributed consensus 

protocol is adopted with an event triggering function to achieve 

local consensus among agents with a less number of 

communication channel usage. Each agent will receive a 

feedback signal from broadcast controller to update its position 

from the target while the communication between agent and its 

neighbours will happen if satisfying the event triggered condition 

at event instant time. It has been proven that the system can 

achieve consensus by utilizing the proposed control method. This 

result shows that at a certain time and iteration the agent can 

reach the target while reducing the communication channel 

usage as well as utilization of energy consumption during the 

process. 

I. INTRODUCTION 

Motion coordination became an issue in multi-agent 

research area due to the substantial contributions of multi-

agent in many industrial applications. Many researchers have 

contributed in this area in solving the control and 

communication problems for the groups of homogenous or 

heterogeneous agents. Formation [1, 2], consensus [3-6], 

containment [7-10] and task allocation [11, 12] are some of 

the examples of control issues of multi-agent robots  system 

[13]. Consensus is one of the issues that had attracted 

researcher’s attention over the past few years to ensure that 

the agents can find an agreement to reach certain quantities of 

interest. The main issue in consensus is in designing a suitable 

consensus control protocol either for global or local consensus 

which can guarantee the agreements between the robots to 

reach certain tasks or certain states can be achieved. Thus, 

there are a large number of interests concerning in designing 

a suitable consensus control protocol for homogenous and 

heterogeneous agents. It can be classified into a leader 

following consensus[14], leaderless consensus [3, 6, 15, 16], 

positional consensus problem [4, 17], leaderless output 
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consensus problem [5, 18, 19] and leader-follower output 

consensus problem [5, 14, 19-21], (to name a few), have been 

intensively studied by researchers recently [22, 23].  

In solving consensus in a mixed environment (broadcast 

and communication), Azuma [13] has proposed a "group to 

group" and  "agent to agent" controller which had been 

successfully proven in achieving consensus. By combining 

between broadcasts (agent to all agent) and communication 

(agent to agent) have been proven effective in terms of 

convergence time and iteration compared with only one 

control system, thus this environment has been selected in this 

research study. This research is an extension of Azuma 

research [13] but investigates into practical aspect of 

communication issue among agents. An event triggered 

communication strategy is adapted into agent distributed 

controller to improve the utilization of channel during 

communication occur which makes this research unique. 

In general, event based control is refers to a control system 

which is based on certain event, i.e the event or also known as 

transmission of signal to the controller and actuator will 

happen only when the measurement error of sensor is satisfied 

or violated certain threshold value. There are various types of 

event triggering protocols that had been applied by previous 

researchers into their control systems. R. Socas et al [24] have 

applied in their mobile robots navigation controller 

(centralized) where else L. Zhang et al [25] were applied  in 

their mobile robot formation  control (distributed) which can 

reduce the utilization of channel while saving the bandwidth, 

resources and energy. With the advantages of event based 

control or also known as event triggered control, it has been 

applied in solving multi-agent consensus. Since the agent has 

to interact with its neighbour continuously, while reaching 

consensus, thus the idea to apply event triggered in consensus 

control arises. As a result, the signal will be sent to the 

controller for update only during event instant and not 

continuously sent every time the sensors samples its data as 

happened in the conventional time triggering system. Thus, it 

is widely accepted that the event triggered strategy can be 
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implemented to solve a consensus problem which can reduce 

the utilization of communication channel, bandwidth and 

saving computation resources. 

In this paper, an event triggered control is applied into an 

agent controller where the agent will update its own state and 

its neighbours state during event instant while finding a local 

consensus among agent in the groups. The event triggering 

function has been designed so that the agent will only update 

its control signal if it satisfy certain threshold value during 

event instant. During this event, the control signal obtained 

from agent to agent communication is combined with a 

control signal from Simultaneous Perturbation Stochastic 

Algorithm (SPSA) to determine the deterministic movement 

of agent during event instant. As a results, the utilization of 

communication channel as well as energy consumption has 

been reduced during multi agent motion coordination 

consensus process. The main contribution of this paper are a) 

adaptation of event triggered communication control strategy 

into agent distributed controller in broadcast controller; b) the 

investigation of agent performances in terms of time, iteration, 

convergence rate and the number of channel involved in 

finding consensus in a mixed environment with event 

triggered control and c) observation of the dynamics of 

agents/trajectory while reaching the target with a new 

consensus controller.  

This paper is organized as follows: Section II introduces 

some preliminaries that are used in this paper. The consensus 

problems and related work are stated and highlighted in 

Section III. Section IV explains the proposed control method 

for consensus. Section V addresses the main results of this 

paper that illustrates the effectiveness of the proposed control 

strategy in simulation studies. Finally, a conclusion is 

presented in the last section. 

II. PRELIMINARIES 

A. System Description 

 

Assume that the feedback system as shown in Fig.1. There 

are a number of agents, 𝑁𝑖 with a broadcast controller as a 

global controller,𝐺 and distributed event based controller as a 

local controller, 𝐿𝑖 .The physical dynamics or linear discrete 

time model of agent 𝑖 is as shown in (1) 

 

                               𝐴𝑖:𝑥𝑖(t+1) =𝑥𝑖(𝑡) + 𝑢𝑖(𝑡)                     (1) 

 

where 𝐴𝑖 is agent  𝑖 = {1,2,3, …………𝑁}, 𝑥𝑖(𝑡) ∈ 𝑅
𝑛 is state 

position of agent, 𝑥𝑖(𝑡) ∈ 𝑅
𝑛𝑁represents the group position 

(collective of agents) is denoted as [𝑥1
𝑇 , 𝑥2

𝑇 , 𝑥3
𝑇 , ……… . . ], 

𝑢𝑖(𝑡) is the control input and 𝑡 ∈ 𝑁 is given as a discrete time. 

It is assume that agent 𝑖 will has its own neighbour set 𝑗 ∈ 𝑁𝑖  
which is connected as undirected graph with respect to a 

certain radius, 𝑟. 

 In this system, the agent moves in 𝑛 −dimensional space to 

reach its target/destination based on the broadcast global 

information and local communication via agent 𝑖 interaction 

with its neighbour,𝑗. Global controller, 𝐺 will measure the 

degree of achievement of the agent performances in reaching 

the target, 𝐺 = 𝐽(𝑥(𝑡)) ∈ 𝑅+. The local controller, 𝐿𝑖  will 

determine the local movement of the agents based on relative 

position of agents i.e. {𝑥𝑖  - 𝑥𝑗}, and the output of broadcast 

signal 𝑤(𝑡). Each agent will update its own state, 𝑥𝑖 and its 

neighbours state, 𝑥𝑗 when the event triggered condition, 𝐸𝑇𝐶 

is violated. The agents will then determine its motion to the 

target point continuously until the consensus is achieved.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Multi-agent feedback system in environment with broadcast      

controller,𝐺 and event triggered distributed controller, 𝐸𝑇𝐶. 

 

B. Graph Theory 

 

The agent 𝑖 is assumed to access with its neighbour 𝑗 when 

it enters radius 𝑟. 𝑟 represents the radius that the agent can 

establish a connection. The representations of  agents with 

their neighbours are in undirected graph theory 𝐺 =
(𝛾, 𝜀)where 𝛾 is the vertex and 𝜀 is the edge. The agents by 

the list of vertex 𝛾 while the edge represents the connection 

between agent 𝑖 with its neighbours, 𝑗 represents the edges, 𝜀 

or (𝑖, 𝑗) ∈ 𝜀. A set of all neighbours of agent is denoted by  

𝑁𝑖 = {(𝑗|(𝑖, 𝑗)) ∈ 𝜀. The representation of graph 

connection/topology and the number of edges 𝜀 for each 

vertex 𝛾 is represented in a matrix form. An adjacency matrix 

𝐴 = [𝑎𝑖𝑗] ∈ 𝑅
𝑁𝑋𝑁 is used to describe the graph topology 

where 𝑎𝑖𝑗 = 1 if (𝑗, 𝑖) ∈ 𝜀 and 𝑎𝑖𝑗 = 0, if otherwise. The 

degree matrix of the system is defined as 𝐷 =
𝑑𝑖𝑎𝑔{𝑑1,𝑑2…………….𝑑𝑁}, where 𝑑𝑖=∑ 𝑎𝑖𝑗𝑗∈𝑁𝑖

. 
 

III. PROBLEM STATEMENT 

 The problem of consensus which is addressed in this 

research study refers to a problem of collecting agents to a 

specific desired location 𝑥𝑑 ∈ 𝑅
𝑛 .The agents are considered 

to achieve a consensus when the value of performance index 

measurement, 𝐽(𝑥(𝑡)) reached the minimum value or 

equivalent to 0  meaning that all of the agents managed to find 

an agreement to be in the desired target at certain time 𝑡 as 

described as follows 

 

                          lim
                                     𝑡→∞

𝐽(𝑥(𝑡)) =  min
𝑥 ∈ 𝑅𝑛𝑁

( 𝐽(𝑥)) or  0              (2) 

 

It is challenging for the agents to work in the broadcast and 

communication environment since the agents do not know 

their desired location in the environment i.e. no information 

   𝐺 

 

𝐽(𝑥(𝑡)) 

𝑤(𝑡) 

Broadcast 

signals 

Camera observes 

agents performance 

Agent 𝑖 
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of world coordinate has been passed to the agents. The agents 

only know the achievement of their motion to the target based 

on the feedback information from the broadcast controller. 

Moreover, the agents can only calculate their distances with 

their neighbours when there is connection among them. The 

transmission of the state information will happen at time 𝑡 in 

order to update the control input of the distributed consensus 

protocol as represented in (3),  

 

                  𝑢𝑖 (t) = K ∑ 𝑎𝑖𝑗𝑗∈𝑁𝑖
(𝑡) (𝑥�̂�(𝑡) − 𝑥�̂�(𝑡))             (3) 

 

where 𝑢𝑖 (t) is the control input, K is the controller gain, 𝑎𝑖𝑗 (t) 

is the adjacency matrix, 𝑥�̂�(𝑡) is the state of agent and 𝑥�̂�(𝑡) is 

the state of neighbor. In order to get the state updates, the 

agent has to communicate or exchange information among 

them continuously until it reaches consensus. In a practical 

situation, it is unrealistic to have a continuous signals from 

one agent with other agents. This proven can cause to 

insufficient computational resources usage, i.e. 

channel/bandwidth and energy when the controller keeps 

updating its input every time there are changes on the sensor 

input (as in conventional time triggered system) [26]. When it 

comes to situation whereby the number of agents working in 

the environment are increasing or the agents facing complex 

problems such as local minima or unforeseen area, it will 

make use of a higher utilization of channels (more 

transmission) until the agents reached a consensus. Thus, this 

research has come out with the idea of event triggered 

communication strategy to be applied into agent distributed 

controller to reduce the utilization of channels. The functions 

and an optimal parameter settings of consensus controller 

have been designed specifically for this research study. 

IV. RESEARCH METHODS 

 This methodology section will explain the main design of 

the proposed controller which focusses on the broadcast and 

event triggered controllers.  

 

 

A. Proposed broadcast controller with distributed event based 

communication control  

 In the feedback system as shown in Fig.2, the agent will 

determine its next state position, 𝑥𝑖(𝑡 + 1) based on the 

current state position of the agent, 𝑥𝑖(𝑡) and updated control 

input 𝑢𝑖(𝑡) as presented in (1). The camera will capture the 

position of the agent, 𝑥𝑖 (t) to obtain the value of  

𝐽(𝑥(𝑡))which represents the performances achievement of 

agent movement towards its desired target. The scalar value 

of 𝑤(𝑡) then will be sent to the local controller to determine 

the next control input for the local controller. Based on the 

local controller designed by SPSA, the agent will move 

randomly during even time based on the Bernoulli distribution 

probability ±1value. The agent will move deterministically 

based on the value obtained from the gradient approximation 

and from agent to agent controller. The agent to agent 

controller will keep updating the control signal, 𝑢𝑖  when the 

event triggered condition, 𝐸𝑇𝐶 is violated. The process will 

then iterate continuously until it reach convergence when all 

agents reached its target point  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Proposed broadcast controller with distributed event based 

communication control 

 

 A global controller is represented by 𝐺 play a role to 

observe agent performances at every t time and broadcast the 

signal indiscriminately to local controller as denoted in (4) 

where 𝑤(𝑡) is the output and 𝐽(𝑥(𝑡))is the input. 𝐽(𝑥(𝑡))is the 

objective function of motion coordination task to collect 

agents at desired location xd  ∈  R
n which represents by 

quadratic equation (4). 

 

          𝐺: 𝑤(𝑡) = 𝐽(𝑥(𝑡)),  J(x(t)) = ∑ ||N
i=1 xi(t) −  xd||

2  (4)   

 

Meanwhile a local controller that is added into the agent 𝐴𝑖is 

divided into two sub controllers known as agent controller 𝐿𝑖1 

and agent to agent controller 𝐿𝑖2. The agent controller is 

designed specifically by using SPSA [27] while the agent to 

agent controller is develop based on distributed consensus 

protocol proposed by Olfati Saber [28]. The idea of having 

these controllers is to bring communication into broadcast 

controller, so that consensus can be achieved effectively in 

practical situation, especially when event triggered 

mechanism is being applied into communication between 

agent to agent. 

 

i. Agent Controller, 𝐿𝑖1 
 

 Assume that the state of 𝜉𝑖(𝑡) of 𝐿𝑖1 in two dimensional 

space, let  𝜉𝑖1(𝑡)∈𝑅
𝑛, 𝜉𝑖2(𝑡)∈𝑅, 𝜉𝑖3(𝑡)∈𝑅 be the 

components of ; 

                                  ξ
i
(t) = [

ξ
i1

ξ
i2

ξ
i3

] ∈ Rn  ×  R × R                 (5) 

 

 The local controller 𝐿𝑖1 is denoted by (6) where ξi(t)  ∈  R
v 

is the state, w(t) ∈ R is the input from broadcast 

signal,ui(t) ∈  R
n is the output and a ∶ Rv × R → Rv and b ∶

Rv × R → Rv are functions. 

   𝐺 
𝐽(𝑥(𝑡)) 𝑤(𝑡) 
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                    Li1 :{
ξi(t + 1) = a(ξi(t), w(t))

ui(t) = b(ξi(t), w(t))
                       (6) 

 

                       a (ξ
i
(t), w(t)) = [

∆i(t)
w(t)

ξ
i3
+ 1

]                          (7) 

 

b (ξ
i
(t), z(t))

≔

{
 
 
 

 
 
 c (ξ

i3
(t)) ∆i(t)                                                                               

                                                                    
                                                                   if ξ

i3
(t) ∈ {0,2,4},

−c (ξ
i3
(t)) ξ

i1
(t) − d (ξ

i3
(t))

z(t) − ξ
i2
(t)

d (ξ
i3
(t))

ξ
i1
−1(t)             (8)        

                                                  
                                                                     ifξ

i3
(t) ∈ {1,3,5},

 

                                                                                           

where ∆i (t) ∈ R is the random variable based on Bernoulli 

distribution, c(ξi(t)) and d(ξi(t))  ∈ 𝑅+ are the gains of the 

controller and ξ
i3
(t) is time represent in odd or even. 

 

Lemma 1: For the feedback system, suppose that the radius 

of agent 𝑖 can establish connection with agent 𝑗, 𝑟 ∈ 𝑅+ and 

position of target, 𝑥𝑑 ∈ 𝑅
𝑛are given. The Li1 , 𝐿𝑖2 , and  𝐺 are 

given by (3), (4),(6), and (9) to satisfy (2) and (4). These 

equations showed that the consensus among agents formed at 

time t can be attained when the value of 𝐽(𝑥(𝑡)) =0 which 

showed that all of the agents have reached their target point. 

 

ii. Agent to Agent Controller, 𝐿𝑖2 
 

 The controllers of Li2 are given by (9) where it works based 

on standard distributed consensus controller by Olfati [28] 

where K represent the controller gain and  aij is the adjacency 

matrix of agents neighbours. 

 

      𝐿𝑖2(xj(t) − xi(t)) = K ∑ aijj∈Ni
(t) (xj(t) − xi(t))        (9) 

 

The agents that are connected with their neighbours are 

expected to approach each other during odd time on reaching 

consensus. This can formalized as follows. 

 

Lemma 2:  For agent to agent communication, suppose that 

𝐿𝑖2 is given by (9), event triggered protocol is given by (12) 

and assuming that  𝑟 ∈ 𝑅+ is given to satisfy (10) 

 

                                 lim
                                                𝑡→∞

𝑥𝑖(𝑡) − 𝑥𝑗(𝑡)=0                             (10) 

 

This lemma shows that the controller 𝐿𝑖2 of agent 

𝑖(1,2,3, … . . 𝑁) can achieve a consensus during odd time. 

 

iii. Event triggered communication control applied into 

agent to agent controller  

 In order to adjust the agents states in reaching the  local 

consensus while avoiding a continuous interaction among the 

agent’s and their neighbours, the event trigger control has 

been applied into this distributed agent system. The equation 

of distributed consensus control by Olfati (3) shows that the 

control input depends on the sum of  agent state with  its 

neighbours state whereby it shows that the controller will 

continuous update the input signal every time it receives a new 

state. In order to avoid a higher utilization of resources during 

sending the signal continuously, thus the distributed event 

based consensus control scheme for agent as stated in (11) is 

applied in the system, where 𝐾 represents the controller gain, 

t ∈  tk
i , tk+1

i denotes the event instants time of agent 𝑖 

tk
i  (k = 1, 2, ……… . ) and 𝑡𝑘′(𝑡)

𝑗
= 𝑎𝑟𝑔𝑚𝑖𝑛

𝑙∈𝑁:𝑡≥𝑡𝑙
𝑗 (t-𝑡𝑙

𝑖) is the 

latest event time of agent 𝑗. 
 

                    𝑢𝑖 (t) = -K ∑ 𝑎𝑖𝑗 𝑗∈𝑁𝑖
(𝑥𝑖 (𝑡𝑘

𝑖 )-𝑥𝑗𝑡𝑘′(𝑡)
𝑗

)             (11) 

 

 The event triggered consensus control applied in this 

research is stated in (12) 

 

                                 𝑓𝑖(𝑒𝑖(𝑡)) ≤  ∆𝑖(𝑧𝑖(𝑡))                      (12) 

 

where 𝑓𝑖(. ) and ∆𝑖(. ) represent the error function and 

threshold function. The state measurement of agent 𝑖 is 

equivalent to 𝑒𝑖(𝑡) = 𝑥𝑖(𝑡𝑘
𝑖 ) - 𝑥𝑖(t), t ∈  𝑡𝑘

𝑖 , 𝑡𝑘+1
𝑖  where denotes 

the event instants for agent 𝑡𝑘
𝑖  (𝑘 = 1, 2, ……… . ) while 

𝑧𝑖(𝑡) = ∑ 𝑎𝑖𝑗 𝑗∈𝑁𝑖
(𝑥𝑖 (t) - 𝑥𝑗  (t)). The threshold function is also 

known as a state dependent threshold where it is related to the 

state of agents. In distributed settings, agent i's event time 

instant will be determined once its triggering condition in (12) 

is violated. Once agent 𝑖 received the triggering signal, the 

control signal of its input and its neighbour will be updated. 

This control signal will then be summed with the control 

signal produced from the gradient approximation calculation 

of SPSA to determine the value of deterministic movement 

during odd time as shown in Fig.3. When satisfies the event 

triggered condition, the control signal will not be updated 

since the measurement of error doesn't trigger the controller. 

Thus, the communication channel is free at this time and the 

calculation of the deterministic movement will rely more on 

the gradient value of agent controller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Event triggered control scheme for agent to agent controller. 
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By combining Lemma 1 and Lemma 2, the solution of 

consensus problem for this research is obtained. 

 

Theorem 1: Let 𝐿𝑖1 , 𝐿𝑖2 , 𝐵,  𝑎𝑛𝑑 𝑓𝑖(𝑒𝑖(𝑡)) be given by (4), 

(6), (9), (11) and (12). If the conditions (L1), (L2) and (L3) 

satisfy, (2) and (10) will achieve a probability of 1. It means 

that consensus can be achieved by applying an appropriate 

design and optimal parameter settings of a local and a global 

controller. SPSA and event triggered mechanism are the 

control systems that have been focused in this research 

studies. 

 

(L1) 𝑎(𝑡) = 𝑎(𝑡 + 1) and 𝑐(𝑡) = 𝑐(𝑡 + 1) for 𝑡 {0,2,4, … . },
𝑙𝑖𝑚
𝑡→∞

𝑎(𝑡) = 0, ∑ 𝑎(𝑡) = ∞,∞
𝑡=0  and 𝑙𝑖𝑚

𝑡→∞
𝑐(𝑡) = 0. 

(L2) ∆𝑖1(𝑡), ∆𝑖2(𝑡) … . . ∆𝑖𝑁(𝑡) and (𝑡 = 1,2,3, … ) are random 

variables from a probability distribution which is 

continuous and symmetric about zero. 

(L3) 0 < 𝐾 < 1/𝑁, then (10). 

 

Notation: Conditions (L1), (L2), and (L3) are imposed for 

tuning parameters for controller 𝐿𝑖1 and 𝐿𝑖2 . (L1) and (L2) are 

parameter settings of SPSA gains 𝑎 and 𝑐 and random 

distribution ∆𝑖. (L3) is gain K of distributed consensus 

protocol. These values are not restrictive in practice but they 

are determined based on guideline given by Spall [27] and  

results  found from investigation [29] . 

V. SIMULATION RESULTS 

 The simulations are implemented to a ten-agent multi-agent 

system. Firstly, the results of motion coordination of agents in 

reaching consensus are illustrated. Thereafter, the results of 

event triggered controller in terms of utilization of 

communication channel is recorded. 

 

A. Multi-agent performances with a time triggered consensus 

versus an event triggered consensus controller. 

 

 The optimal parameter settings of SPSA gain with an 

accurate objective function and distributed consensus 

controller gain 𝐾 have been proven to achieve multi-agent 

consensus in a broadcast and communication environment. 

The optimal parameter settings for agent to reach consensus 

is equal to 𝑎=0.2, 𝐴=30, 𝛼 = 0.6, 𝑐=1,and 𝛾 = 0.101with 

gain K=0.05 × 10−3 are applied in this research. The results 

shows that the agents need at least an average of 746.8 

iterations to converge with the average time taken of 86.52 sec 

in 10 times run with a time triggered consensus controller. As 

compared with an event triggered consensus controller, 756.3 

iterations and 88.81 sec are obtained for the agents to 

converge in 10 times run. Thus, it can be claimed that 

performances of agents in terms of iteration and time didn’t 

show a significant difference for a time triggered or event 

triggered consensus controller. 

Fig.4(a) - Fig.4(c) illustrates the agent position 𝑥𝑖(t) 
during few iterations where the circle represents the agent and 

the square represents the target  𝑥𝑑.This results show that the 

proposed controllers can reach consensus at the target  𝑥𝑑 with 

agent and  agent-to-agent controller. Every time the iterations 

and the time increased, the percentage movement of agent 𝑖's 

to reach the target also increased which showed that the 

evolution of movement is positive. Finally, all agents meet at 

the target point at a very minimum value of 𝐽(𝑥(𝑡)) as stated 

in (2) and as shown in Fig 5. Fig. 5 shows the achievement of 

performances index of agents during time triggered and event 

triggered where it will reduced by the time the agents achieve 

consensus. Both lines in the graph are intersect since the total 

error that represents the state of agents with the desired target 

at every time are same for both triggering methods. It is also 

possible to produce a faster convergence by tuning an optimal 

parameters of SPSA [29]. 

 

Figure 4.  Evolution of iteration 𝑘 of agent positions of the proposed 

controller (𝑁 = 10, 𝑟 = 20 and  𝑥𝑑=(60,60)) 
 

  
Figure 5. J(x) versus time. 

 

B. Utilization of communication channel of distributed agent 

to agent controller with event triggered communication 

strategy 

 

In order to observe the effectiveness of event triggered 

communication strategy in finding consensus for distributed 

agent-to agent controller, the event instant  𝑡𝑘
𝑖  of agent had 

been recorded as shown in Fig.6 (i.e event instant of agent 𝑖 is 

only recorded until t=10). The results shows that event instant 

of ten agent 𝑖 is only triggered at some times and not every 

time where it depends on the triggering function designed in 

equation (13). Based on the results, the triggering function 

𝑓(. ) work based on the value of error 𝑒𝑖(𝑡). At event instant 

𝑡𝑘
𝑖 , equation (13) holds since 𝑒𝑖(𝑡) = 0. After 𝑡𝑘

𝑖 , 𝑒𝑖(𝑡)will 

fluctuates  until agent 𝑖 is triggered when  the value of error 

exceeds ∆𝑖(𝑧𝑖(𝑡)). At this time the current time instant will be 

defined as a new event instant  𝑡𝑘+1
𝑖 . Then the new error of 

event instant 𝑒𝑖(𝑡𝑘+1
𝑖 )will hold (13) until the next event 

instant is triggered. 

Table I shows the utilization of channels for each agent 

𝑖 in 10 iterations. The number of channels usage is 

approximate to 320 channels had been used in event triggered 

control whereby in time triggered control about 1000 channels 

(a) k=0 (b) k=400 (c) k=800 
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had been utilized. Thus, with this triggering system it can be 

claimed that the utilization of communication channel can be 

reduced where the agent has to transmit its states and receives 

its neighbour states only at certain time and not continuously 

as conventional time triggering system. 

 
 
 

 

 
 

 

 

 

 
 

 

Figure 6. Event instant of agent 𝑖 with event triggered distributed control. 

TABLE I.  NUMBER OD CHANNEL USAGE, NOC OF AGENT I IN 10 

ITERATION 

𝐴𝑖 𝐴1 𝐴2 𝐴3 𝐴4  𝐴5 𝐴6 𝐴7 𝐴8 𝐴9 𝐴10 

𝑁𝑂𝐶 40 30 40 40  30 30 30 30 40 10 

 

VI. CONCLUSION 

Consensus problem of multi-agent systems has been solved 

by combining broadcast controller with an event triggered 

distributed controller. Simulation results have shown the 

efficiency of the proposed method where the number of 

communication channel usage are less comparing with a 

conventional time triggering system. Future works include 

extending the proposed method by adding other problems 

such as stability issues, interference or dynamics in the 

environment can be done. Besides that, the proposed 

controller also can be applied in solving a heterogeneous 

multi-agent consensus problems. 
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