Tabriz Journal of Electrical Engineering (TJEE), vol. 55, no. 2, 2025 Serial no. 112
DOI: 10.22034/tjee.2024.59109.4758

Event-Triggered Inverse Reinforcement Learning for Optimal Adaptive Leader-Follower
Consensus of Unknown Multi-Agent Systems

Zahra Jahan', Abbas Dideban'”, Farzaneh abdollahi?

!Electrical Engineering Department, Semnan University, Semnan, Iran
2Electrical Engineering Department, Amirkabir University, Tehran, Iran
E-mails: zjahan@semnan.ac.ir; adideban@semnan.ac.ir; f abdollahi@aut.ac.ir

Abstract

This paper introduces an event-triggered inverse reinforcement learning (IRL) approach for multi-agent discrete-time graphical games with unknown
dynamics. In the IRL problem for these games, the expert and the learner systems are both leader-follower multi-agent systems. The optimal
synchronization of the follower agents with the leader is the objective of the expert system. Learner agents intend to imitate the control inputs and states
of the expert agents, while the expert value function is unknown to them. For the learer system, an IRL algorithm based on value iteration adaptive
dynamic programming is proposed to recreate the unknown value function of the expert and to solve the event-triggered coupled Hamiltonian-Jacobi-
Bellman equations without requiring the dynamics of either the expert or learner systems. To implement the proposed algorithm, an actor-critic-state
penalty structure is used, and the unknown dynamics of the expert and learner multi-agent systems are approximated by neural network identifiers.
Unlike traditional adaptive dynamic programming, where the control policies are periodically updated, in the presented method, the control policies and
neural network weights are updated only at the triggered events. Therefore, the computational complexity is reduced. Finally, the efficiency of the
proposed technique is demonstrated through simulation results.
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Introduction

Many real-world multi-agent system applications require agents to follow a leader instead of reaching a common value. Therefore, solving the leader-
follower consensus problem is important. In graphical games that solve the optimal leader-follower consensus, the interactions between agents are
expressed by the communication graph structure, and the local error dynamics, control input, and each agent's performance index are determined by the
local information of its neighbors. Most references in the field of reverse reinforcement learning do not address this issue, and the relationship between
agents and their neighbors has not been considered. To solve these games, this study presents an adaptive, optimal, distributed method based on inverse
reinforcement learning. The presented algorithm solves leader-follower graphical games without any knowledge of expert and learner system dynamics.
The event-triggered method has been used, and the calculations are performed non-periodically, which leads to a reduction in calculations and execution
time.

Proposed Work and Methodology

In this study, first, inverse reinforcement learning is introduced for leader-follower multi-agent discrete-time graphical games, where the expert system's
purpose is to optimally synchronize the follower agents to the leader agent. The goal of the learner is to imitate the behavior of expert agents without
knowing their performance. We propose an IRL algorithm in which learner agents reconstruct the unknown expert’s value function by observing the
expert's optimal control inputs and states. An actor-critic-state penalty structure approximates the value function, control policy, and expert’s state-
penalty weight to implement the suggested method. The simulation results confirm the presented algorithm synchronizes the follower agents with the
leader and tracks the expert agents with the learner agents. In the following table, some references and the present study are compared.

Inverse Graphical Optimal leader- Unknown Event-triggered Discrete-time or References
reinforcement games follower consensus dynamics control Continuous-time
learning
- v v v _ Discrete [13]
v - _ - _ Continuous [18]
v v - v - Continuous [20]
_ v v v v Continuous [25]
v v v v v Discrete proposed method
Conclusion

We provide an event-triggered IRL method for multi-agent leader-follower discrete-time graphical games with unknown dynamics in this study. In the
presented algorithm, the optimal synchronization of expert follower agents with the leader has been obtained. The learner agents also reconstruct the
value functions of the expert according to the behavior of the expert agents to imitate the expert control inputs and their states. The approach is applied
in the actor-critic-state penalty structure to determine the optimal value function and optimal control policies for the expert and learner agents and the
expert reward weights for the learner. The provided approach does not need any prior understanding of system dynamics. For this purpose, neural
network identities have been used to identify each agent's unknown dynamics. To reduce computational complexity, the control policies and weights
for neural networks are updated only at the triggered event.
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