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Abstract: Autonomous agents in moving subspace should move in a particular 
formation. This article provides a brief overview of current Reinforcement Learning 
methods for formation control. The approaches to creating the formation and avoiding 
collisions between individual agents are considered. 
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1. INTRODUCTION 
 
The idea of formation control is to create a system capable of moving agents 

into a predetermined spatial pattern. Generally, Formation Control (FC) is a system 
that allows agents to travel as a group without collision between agents.  

In recent years there are many articles devoted to different methods of FC. 
Moreover, there are several quite extensive surveys [7, 13, 9, 11]. However, the 
number of studies that are devoted to the implementation of formation control with 
technical tools of reinforcement learning is relatively small. In 90 years, RL [15] and 
FC [2] were established as distinctive themes in research into autonomous systems. In 
the following years, insufficient computing resources were an obstacle to the entry of 
RL into FC. However, with the increase in computational power, the application of 
RL in the FC domain is being investigated more and more intensively. 

The goal of the paper is to give a brief review of recent papers that are focused 
on implementing of Formation Control trough Reinforcement Learning (RL). 

The paper discusses the recent trends in the application of Reinforcement 
Learning in area Formation Control. The next section summarizes our work in this 

mailto:markovavanya@yahoo.com


PROCEEDINGS of the 33rd International Conference InfoTech-2019 2 

field and some of the most useful methods in the area of Formation Control are 
presented. 

 
2. REINFORCEMENT LEARNING METHODS FOR FORMATION 

CONTROL 
 
"There are roughly three main approaches to multiagent coordination reported in 

the literature, namely leader-following, behavioural, and virtual structures"[3]. Each 
of these approaches comes with a different set of strengths and weaknesses. 

2.1. Formation control 

Leader following is based on the division of agent roles into two parts: one that 
leads and one that follows. Usually, the leader has a different motion programming 
than his followers. Besides, the leader is the only one who knows where the group is 
going. The other agents seek to maintain spatial relationships. Then, when the leader 
moves toward the goal, the other agents move following the leader [3]. 

The leader-following system has been proven to be able to ensure that a group of 
decentralized agents stay connected and do not lose track of one and another[10]. 
Since only the leader knows the direction to the goal, the rest of the robots should 
receive information from the leader only. Therefore, the connections graph forms a 
simple spanning directed tree. So, the minimum configuration is needded to achieve 
the goal. From a technological point of view, this directly affects the simplicity of its 
implementation. [5] 

In recent years in the leader-following system neural networks are becoming  
popular. There are systems with the primal-dual neural network with parallel 
capability [19]. Also an adaptive neural network (NN)-based, leader-following 
consensus approach is proposed [17]. 

Conduct Based Behaviour FC assigns each agent to set of desired behaviours. 
For example, behaviour-based FC was used to control DARPA unmanned ground 
vehicles and maintain several different formations [2]. 

One way to position a formation is to set the centre of the group as the average 
position of all agents involved. Another method is to promote a single agent as a 
group leader. This agent does not attempt to maintain a formation; instead, other 
agents are responsible for maintaining the formation. This approach is called Leader-
reference. Finally, another method of centring a formation is to rely solely on 
neighbour data, which means Neighbour reference [2]. 

The main advantage of the behavior-based approach is its ability to combine 
several competing goals. Also, the behavioral approach is easily implemented in a 
decentralized system. The main disadvantage of behavior-based formation 
management is that the group dynamics cannot be defined; instead, the behavior of 
the group follows from the rules of each agent. It also means that this approach is 
difficult to analyze mathematically, and the stability of the formation cannot be 
guaranteed [3]. 
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Virtual structures are another approach for FC. Using virtual structures, the 
entire group of agents behaves as a single structure. The main advantage of using 
virtual structures is the simplicity of this approach [16]. Moreover, the feedback with 
the virtual structures is defined. Yet, since the virtual form requires the group to act 
as a unit, the flexibility of the system is constrained.  

2.2. Reinforcement learning and Multi-Agent Systems 

RL is the process of finding a match between situations and actions using a 
numeric reward signal. As a rule, the agent interacts with the environment, not telling 
what actions to take or how they will affect the environment. Instead, the agent 
should examine the behaviour by trial and error [15]. RL can be used for robots to 
select different behaviours in various situations [21]. It also removes the tedious work 
of creating a meaningful representation by hand and is able to adapt to different 
settings in a flexible way. So, applying Deep Q-learning to the problem of FC 
successfully deals with the large state-spaces environment [1]. The decentralized 
geometric approach to controlling agents that are implemented by Q-Learning is able 
to reduce the complexity of team coordination [12]. 

Several methods that apply the RL algorithm to a leader-follower formation 
control scenario are proposed [8, 18]. As for the fuzzy logic controller, reinforcement 
learning could be combined to improve the learning speed of the formation behaviour 
[20] or estimating the unknown non-linear dynamics [18].  

A Multi-Agent System (MAS) consists of several agents whose task is to 
interact to achieve a specific goal. The form of these agents can be any, from physical 
robots to virtual components in a software system. Recently the paradigms of deep 
learning and MAS are combined [6]. Another study used RL to teach agents how to 
get into formations without using management theory. Multi-agent fuzzy RL 
algorithm is presented as an extension of fuzzy actor-critic reinforcement learning in 
a MAS environment [4]. In recent years is developed a consensus-based distributed 
RL algorithm to design an individual controller of a homogeneous multi-agent system 
[14]. 

 
3. CONCLUSION 
 
The movement of groups of agents into space often requires that certain 

distances be maintained between individual agents. This is achieved by building a 
particular formation. 

Depending on, how the formations are constructed, the following main 
approaches are considered: Following the Leader, Conduct Based Behaviour and 
Virtual Structures. This paper reviews the methods of RL algorithms for formation 
control. 
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