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Abstract

This study discusses the consensus control of multi-agent systems. The consensus can be achieved when the closed-
loop system of multi-agent systems is stable. In conventional model-based methods, since the controller is designed
based on the dynamic characteristics of the agents, models of the agents must be used. On the other hand, this study
examines data-driven design of multi-agent systems. In the proposed method, the controller of a multi-agent system
is designed directly from the control data, where the controller structure is fixed. The usefulness of the proposed

method is shown through numerical examples.
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1. Introduction

In multi-agent systems [1], multiple agents interact with
each other and act autonomously to achieve global
objectives. Many design methods have been proposed for
multi-agent systems, but most of them are model-based
design, which requires process models. Therefore,
model-free adaptive control has been proposed for
designing multi-agent systems with unknown dynamics
[2]. In this method, the control system is designed by
identifying an unknown model. On the other hand, a data-
driven design method for designing a controller directly
from data has also been proposed [3]. The data-driven
design approach eliminates the need for process models
that are required in the model-based approach. Therefore,
this study examines a data-driven design method for
multi-agent systems that does not require models of
agents.

2. Data-driven Design

Consider the model reference problem for agent i shown
in Fig. 1, where P;(z71), C;(z71,0,), and M;(z™1) are
the process model, controller, and reference model,
respectively, u; (k) and y; (k) are the process input and
process output, respectively, and r;(k) and y,; (k) are
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Fig. 1 Block diagram of the model reference problem
of a multi-agent system

the reference input and reference model output,
respectively. The reference input consists of r;;(k)
(G=1,--,d;) given by adjacent agents, where d;
denotes the number of adjacent agents of agent i.

Assumption
The process model P;(z~1) is unknown.

The controller parameters 6; is optimized by minimizing
the following objective function:
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where W;(z™1) denote a design parameter. Since the
objective function involves an unknown process model,
it cannot be minimized as is. Instead of the objective
function, the controller parameters are determined based
on the following function:
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where 7; (k) is the virtual reference input and L;(z~1) is
a filter to be designed. Since J;yz(6;) is convex with
respect to 6;, an optimal solution can be obtained.
However, if the equivalent of J;;, (6;) and J;,(6;) is not
guaranteed, the obtained solution may not minimize
Jimr(6:). The problem is resolved by using L;(z™1).
Comparing J;ug(8;) and J;,z(6;) in the frequency
domain, these are equivalent when the next conditions is
satisfied:
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where z=1 = e7/% is omitted. It is assumed that |1 +
d;iP;Ci(6)1* = |1+ d;P,Cy|  when  J;yg(8;) s
minimized by 6;, where C;, is an ideal controller that
satisfies the next equation:

M = PiCy 6)
YT 14dPCy
This equation is rewritten as follows:
1—d;M; = ! 7)
LT+ dpcy

As a result, the filter is designed so as to satisfy the next
equation:

IL;|? = 11 — d;M;|* [ M |* Wi |2 Dy L (8)
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Fig. 2 Graph structure of a multi-agent system
3. Simulation
The graph structure an undirected graph as shown in
Fig. 2. The dynamics of the agents are shown as
follows:
P(s) = ©
1 =2 s 12
P(s)=5———— 1
2(5) 2+ 1.25 + 2.5 (10)
B =G an
PS) = (12)
) S 2 255+ 35°

The discrete-time period Ty is 1[s], and the control law of
agent i is given as follows:

T, 1—-z1
ui(k) =\ Kpi + Ky 7— = + Kpi—— | e (k) (13)

e(k) = (k) — yi (k) (1)
(l = 1, ves ,4),

where Kp;, K;;, and Kp; are proportional, integral, and
derivative gains, respectively and are determined directly
from input/output data. Fig. 3 shows the response of
agent 1 when white Gaussian noise with variance 1 is
applied. White noise is also applied to other agents to
obtain response data. Based on the corrected data, the
controller parameters are determined by minimizing eq.
(2). The obtained controller parameters are shown in
Table 1, where the reference model is designed as
follows:

1
— M(s)

7 (15)

M;(s) =
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Table 1 PID parameters i HH 1
Kpi K Kpi R
0; 0.2265 0.6363 0.3204 i A
6, 0.1045 0.2271 0.0916 LT
6, 0.3727 0.7162 0.2417 0.5
0, 0.4412 0.7454 0.2154
00 5 . 10 15
Fig. 4 shows the simulation result of consensus control time(second)

using the obtained PID parameters. It can be seen that all

agents stably converge to a consensus value. Fig. 4 Trajectories of consensus control
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4. Conclusion

A 1 The present study has proposed a data-driven design for
\ oa [ ‘ multi-agent systems. Therefore, even when the dynamic
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