A SURVEY OF RESEARCH INTO COOPERATIVE MOBILE ROBOTS AND LOCALISATION TECHNIQUES

Ben Clark

M.Eng Artificial Intelligence and Cybernetics, siu05bc@reading.ac.uk

abstract

bla bla bla

1. Introduction

Cooperative mobile robotics involves a set of real world mobile robots communicating or behaving together in some way in order to solve a problem. Typically there is no central controller for the robots, or if there is, the central controller is not doing all the work, and the cooperative robots can work together on their own some of the time without requiring the centralised controller.

This is very closely related to swarm intelligence and so this paper will cover that aspect of the field. Localisation of robots is also an important topic in the field, because very often, in order to adequately solve a task, a robot must know either its absolute or at least relative positions. This is even more important in a cooperative robot system where the agents must have the ability to determine their co-robot's positions as well, either relative to themselves, or transmitted between the set of robots.

2. cooperation in robots

2.1. Defining cooperative behaviour

Cooperation is defined as “an act or instance of working or acting together for a common purpose or benefit; joint action.” [1] When relating to robotics, cooperative behaviour can be defined as “Given some task specified by a designer, a multiple-robot system displays cooperative behaviour if, due to some underlying mechanism (i.e. the ‘mechanism of cooperation’) there is an increase in the total utility of the system” [2] This is an intuitive definition, indicating that there is an advantage to developing a co-operative robot system over a singular system. These advantages come in several forms – the problem may be very hard, or impossible for a single robot to solve, the “working area” for the problem may be too large for a single robot, using multiple robots potentially also offers a high degree of redundancy – if a robot fails then the rest can continue to solve the task between themselves. 

It is important to note that when discussing cooperative behaviours in robotics, we are implicitly implying that these robots exist in a physical form and thus have to contend with the “real world” which is very difficult or impossible to model accurately. Therefore, a potential downside of a cooperative robot system is that it has all the problems of a single real world robot multiplied due to the large number of agents. The study of swarm intelligence, which can be described as a very similar field but without the real-world focus, is discussed in section 3.

2.2. Current efforts

Current efforts in the field of cooperative robotics has focused on a few specific problems, the most ubiquitous of these are cooperative manipulation(or box pushing), exploration and foraging. These can represent numerous real world problems in a more controlled research environment. These problems can be likened to ant behaviour – their ability to move relatively large objects, and their ability to explore the environment and forage for materials and food. 

A successful effort to create a decentralised multi-robot system to transport a large object(A box), with inspiration from the biological ant's method, is described in [3] and [4]. This work is particularly interesting because the robots are able to work without any explicit communication methods- instead, communication is implicit in the feedback offered by the changing position of the box.

For exploration or searching, as well as the advantages listed above, cooperative robots have an advantage in that they can access a larger area quicker than than a single robot. A multi-robot exploration system controlled using a novel market economy system is described in [5]. Robots are rewarded for information provided to the operator and the cost to the robot is the distance travelled. Robots bid with each other to maximise their profits and this creates an efficient, successful way to explore an area. [6] and [7] both describe robot exploration using an essentially random search, using robot communication to seek out unexplored areas and avoid explored areas.

For foraging, or the collecting of objects, [8] describes research where a team of robots is tasked to collect 81 randomly distributed objects into one pile. Similar to the work in [3] and [4], the robots have no direct communication method, and so communication is implicit in the sensing of the environment. It was also determined that the group size for this task is important because interactions between robots increase as the number of robots increases, slowing down the task.

2.3. Emergent cooperative behaviours

An important distinction is that, up to this point, the mechanism of the cooperation and the cooperative behaviour described is explicitly decided upon and designed by the designer of the system. A subset of cooperative robotics research has dealt with emergent cooperative behaviours, or the evolution of cooperative behaviours between agents.

There appears to be little research into evolving of real-world cooperative robot behaviours and instead almost all the research in this field has been with simulated model robots. While this is very useful for research and analysis purposes, it offers very little practical value as the real world can be a far more complex environment and the evolved systems are unlikely to be directly applicable to the physical world.

[9] and [10] describe various successful efforts to evolve behaviours in simulated mobile robots, both to solve distributed problems, and to form coherent structures between physically linked robots. This disagrees with similar research in [11] where it was decided that the effort to build a successful evaluation/fitness function is greater than designing the behaviours explicitly.

3. swarm intelligence

Cooperative robotics could be considered a subset of the field of swarm intelligence, or at least a combining of the fields of robotics and swarm. Swarm intelligence is the ability of a multiple-agent system to solve problems. Much of the inspiration for swarm intelligence comes from the insect world, where we see that very simple systems that have little “intelligence” on their own, have the ability to form complex systems when they amass in greater numbers.

4. robot localisation
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