Q_e"‘”&

;f Kobe University Repository : Kernel

R
S
4oge

PDF issue: 2024-08-31

Analysis of Consensus State and Design of
Triggering Functions for Event-triggered
Control of Multi-agent Systems

2, FF

(Degree)
Bt (%)

(Date of Degree)
2022-03-25

(Date of Publication)
2023-03-01

(Resource Type)
doctoral thesis

(Report Number)
A 883625

(URL)
https://hdl. handle. net/20.500. 14094/D1008362

X HAVFT VY RMARZOZMERTY. BNER - TEFASZELEY. ZEEETROON TV ZEENT, BIICTRHACEIW,

KOBE

\j].\]\'l:lihl'[ Y
J

%)



(BgERSK 3)

M NZEDE S
B 4 B rE
¥ ® Y RT bR

WMIEE GHEEOHAE, ToRREHETIZL.)

Analysis of Consensus State and Design of Triggering
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During the last decades, increasing attention has been focused on multi-agent system
(MAS) due to their widespread existence, e.g., manufacturing, process control, network
management. The MAS consists of multiple agents, each agent is an autonomous
component that perceives its environment and cooperates with other agents in pursuit
of its tasks. According to the location of decision maker, MAS can be divided into
centralized, decentralized, and distributed systems. In a centralized system, all agents
transmit their information to a central network owner, and receive the control
command from it. Obviously, it is vulnerable and inefficient. Decentralized systems
divide the agents into small groups, use multiple central owners to collect the
information and make decisions for the agents in each group. The central owners form
a communication network. It is more robust and has better performance compared with
centralized systems. Nevertheless, it requires higher equipment cost and operating cost
for more central agents. The distributed systems eliminate centralization, each agent
have equal access to data and make decisions by its own. It has high fault-tolerance
and scalability and is widely applied in many aspects of industries. However, it needs
the highest equipment cost and operating cost among the three kinds of systems.
Because an independent set of devices is demanded by each agent to fulfill various
physical and cyber processes, e.g., sampling, storage, computation, communication,
actuation. The computation and communication resource of each agent is limited and
more efficient deployment is required. Hence, the idea of event-triggering is introduced.
The desired operation is executed only when the prescribed event is triggered. It not
only converts the continuous operations into discrete actions, but also offers an efficient
organization on the working rhythm.

There are various problems in multi-agent cooperation of distributed system, e.g.,
leader-following, flocking, formation, distributed optimization, consensus control.
Among them, consensus control plays a fundamental role and is regarded as the basis
of distributed problems. Generally, a group of agents is called consensus when they
agree on a certain physical or virtual state. The consensus state refers to the state of
agents when they reach congensus, Obviously, there must exist some changes when
introduce event-triggered control protocol into a continuous system,

In this research, we investigate the consensus state of event-triggered MAS. The
research results are summarized into the following three cases:

1. Observe the consensus state of general linear MAS with event-triggered control.
(Chapter 3),
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2. Design a state-based triggering function for finite-time consensus of multi-agent
system, which only requires sampled state. (Chapter 4

3. Design a time-based triggering function for finite-time consensus of multi-agent
system. (Chapter 5)

At first, we study the consensus state of general linear MAS with event-triggered
control. By now, previous research studied the consensus state of simple linear
event-triggered MAS with undirected topology. The simple linear system here means
‘t'he dynamic of each agent is linear without state feedback. Based on this method, we
analyze the consensus state of a genersl linear event-triggered system with directed
graph. It is clarified that, the consensus state is a constant vector or a periodic varying
vector, and such difference depends on the system matrices and the topology. In
addition, these parameters and the trigger threshold affect the value of consensus
state. ’ . '
Secondly, we design a state-based triggering function for finite-time consensus of
'multi-agent system. In practical MAS, it is of particular interest to achieve cooperation
in a finite time to meet specific requirements. In previous researches, although the
update of control signal is determined by the evet-triggered control law; the
communication between each neighboring ageénts still requires continuous operation,
which requires a waste of communication resource. To solve this problem, we design
the triggering function based on the‘ sampled state. The sampled state refers to the
state sampled and transmitted by the agents when event is triggered. With this
cdndition, the communication is converted into event-triggered operations. Additionally,
we analyze the conditions to ensure positive minimum inter-event time. It should be
mentioned that the existence of positive minimum inter-event time is a sufficient
condition for the avoidance of Zeno behavior. It is much more applicable to the practical
implementation. Simulation results show that although sampled-state based triggering
function has greater estimation error in consensus time, it saves more computation and
communication resource compared with exact-state based case. The exact-state means
the continuous state of agent.

Finally, we design a time-based triggering function for finite-time consensus of
multi-agent systems. By now, most of tnggermg thresholds in the field of finite-time
consensus problems are designed based on the state of agents. Different from such
state-based triggering functions, here the triggering tﬁeshdd is only time-dependent,
the state information received from neighbors are only required to update the
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controller, which is easier to achieve a desired balance between the convergence time
and the number of triggering times. Computer simulation shows that, (1) although the
time-based event-triggered control protocol has larger error in the estimation of
settling time in certain conditions, it has fewer numbers of triggering times and less
settling time compared with exact-state based case, (2) the time-based case has smaller
error in the estimation of settling time in certain conditions, fewer numbers of
triggering times and less settling time compared with sampled-state based cases.
Therefore, our time-based approach requires least computation and communication

resource to achieve consensus.
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