
Multi-agent reinforcement learning behavioral 
control for nonlinear second-order systems 

Key words: Reinforcement learning; Behavioral control; Second-
order systems; Mission supervisor 

Corresponding author: Jie HUANG 
E-mail: jie.huang@fzu.edu.cn

ORCID: https://orcid.org/0000-0001-7346-5034

Zhenyi ZHANG, Jie HUANG, Congjie PAN, 2024. Multi-agent reinforcement 
learning behavioral control for nonlinear second-order systems. Frontiers of 
Information Technology & Electronic Engineering, 25(6):869-886. 
https://doi.org/10.1631/FITEE.2300394 

Front In
form Technol Electro

n Eng

mailto:jie.huang@fzu.cn
https://doi.org/10.1631/FITEE.2300394


Motivation 
1. Reinforcement learning mission supervisor can be used for only 
single-agent applications, since it is modeled through Markov 
decision processes. As a result, any cooperative behavior cannot 
be implemented, which greatly limits the swarm intelligence. 
2. Although reinforcement learning behavioral control guarantees 
the convergence of position error signals, it is not enough for 
second-order systems. Generally, second-order systems require 
both position and velocity error signals to converge. 
3. Reinforcement learning controller (RLC) does not have input 
saturation constraints, and thus the control input may exceed the 
physical limit of the actuator. Particularly, if behavior priorities are 
switched, the problem of excessive control input may be 
aggravated. 
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Main idea 
1. A multi-agent reinforcement learning mission supervisor 
(MARLMS) is proposed to learn the optimal joint behavior 
priority policy. Through learning a joint behavior priority policy, 
the switching frequency of behavioral control is reduced 
significantly. 

2. A group of second-order reinforcement learning controllers 
(SORLCs) with the identifier–actor–critic structure are developed 
to learn the optimal control policies. As a result, the control cost 
of behavioral control is reduced significantly. 
3. A group of adaptive compensators are designed to maintain 
the optimal control performance and counteract the saturation 
effect in real time.  
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Method 
Multi-agent reinforcement learning behavioral control 
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Major results 
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Conclusions 

1. Multi-agent reinforcement learning behavioral control has 
smaller control input and cost values than the existing null-
space-based behavioral control methods of second-order 
systems when the behavior priorities are switched. 

2. Compared with the traditional reinforcement learning 
behavioral control, the proposed multi-agent reinforcement 
learning behavioral control allows the implementation of 
cooperative behavior and ensures the convergence of velocity 
signals.  
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