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design of autonomous mobile robots in bionic 

assembly system
: Project concept

Katalinic, B. & Lazinica, A.
Abstract:  Needs and orders of today´s customers are becoming more and more complex every day. That is a main reason why there has been an increasing effort to reconfigure present manufacturing systems. To accomplish needs of evolution of assembly systems as well, Bionic Assembly System was presented. This paper is focused on design of autonomous robot’s behaviour, what is a key point of such system. 
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1. INTRODUCTION

Complexity and uncertainty of manufacturing environments are increasing every day. The unpredictable market changes and demands non-deterministic changes in dynamic manufacturing environments. A concept of Bionic Assembly System (BAS), as an answer for these novel requirements, was proposed by Katalinic. System was developed on a real industrial demand to significantly reduce the production costs of electrical motors in mass production (Katalinic, 1999). The concept is based on biologically inspired ideas such as self-organisation, adaptation, evolution and learning. Main elements of such system are autonomous mobile robots. They have to function autonomously, have to adapt themselves and act in strong co-relation between each other and their environment (shop-floor). Design of these robots is a main task to be solved for making a system functioning. This design includes two main fields and which are hardware construction of mobile robots and programming of their behaviour. 

2. AUTONOMOUS MOBILE ROBOTS IN BIONIC ASSEMBLY SYSTEM

As it is mentioned before, autonomous mobile robots are most important elements of Bionic Assembly System. There are two basic classes of them:

1.) transport mobile robot – carries a pallette on which are parts assembling together in a finished product,

2.) assembly station – this is a mobile robot equipped with a robot arm; mobile robot serve as a carrier of a pallette with parts and robot arm assembles them on a transport mobile robot.
Design of these two classes of mobile robots is a key problem of developing Bionic Assembly System. Such robots should be able to learn and evolute in order to cope up with unstructured and highly complex working environment of BAS. 

Complete design of autonomous mobile robots involves four phases: 

1.) definition of operating environment, 

2.) definition of robot tasks,

3.) hardware design of robot and 

4.) design of software for programming it´s behaviour.

These phases have to be accomplished one following another and in close dependence between each other.

3. THE ´´BIOLOGICALLY INSPIRED´´ CONCEPT

The behaviour of autonomous mobile robots and a system as whole is inspired by biological life. Biological organisms are capable of adapting to environmental changes and sustain life through functions such as self-recognition, self-growth, self-recovery and evolution. They accomplish self-organisation capability through communication and evolve intelligence through learning. All these characteristics of biological organisms serve as an example for the biologically inspired manufacturing systems i.e. for design of autonomous mobile robot´s behaviour in such systems. Table 1 presents similarities i.e. relations between Bionic Assembly System and biological life. Table uses several terms that are defined as follows:

unit
     - basic component which performes a   

       task,


task
     - specific operation to be accomplished,

source
     - basic system in need of accomplishing

                                       a task,


performance - unit movement to source for task

                                        completion.

	Term
	BAS 

environment
	Biological similarity

	unit
	transport mobile robot
	organism (ant, bee etc.)

	task
	handling, processing
	food supply, powdering

	source
	assembly station 
	flower, food

	performance
	transport mobile robot movement
	movement of bee to specific flower


Table 1. Corelation between Bionic Asssembly System and biological life

The organisation of ant´s swarm can serve as a perfect example of biological life that can be replicated in manufacturing environments. As a unit, ants are relatively simple built and performe simple behaviours, but as a swarm they performe more complex behaviours that men can understand. The perfect situation is movement of a swarm to a food source. Pheromones deposited by ants while moving to a food source, modify the environment and communicate reinforced information for re-organisation and improved performance (Figure 1). It can be seen that ants communicate between themselves, and a result of this communication is complex, intelligent behaviour. 

4. BASIC FORMS OF AUTONOMOUS MOBILE ROBOT`S BEHAVIOUR IN BAS

Every mobile robot in a Bionic Assembly System, as a unit, should performe relatively simple behaviours. But a system i.e. a group of robots should act in a complex, self-organized way. That should be accomplished by communication between them. As it is mentioned before, exactly such behaviour is seen in biological life. To accomplish all tasks given by operator and assembly one product, firstly robots should be able to do some 
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Figure 1. (A) Real ants follow a path between nest and food source, (B) an obstacle appears on the path: ants choose whether to turn left or right with equal probability, (C) pheromone is deposited more quickly on the shorter path, (D) all ants have chosen the shorter path (Dorigo & Gambardella, 1996).

basic forms of behaviour. These forms of behaviours, i.e. problems to be solved when designing autonomous mobile robot´s behaviour are:

(a) Energy – robots should be conscious of their´s battery energy level. When this energy level approaches to a low value (10-15 % of a total value), they must automatically go to a battery recharge space and then wait for new order,

(b) Obstacle avoidance – in order to move properly through shop-floor, robots have to be able to avoide static and moving obstacles (other parts of assembly system),

(c) Path planning – robots must plan their path i.e. their route of moving according to a task to be solved. In every situation they have to go by shortest path.

(d) Docking – this is the biggest and most complicated problem of co-relation between a transport mobile robot and an assembly station robot. A transport mobile robot is carrying the pre-assembled product to an assembly station robot; when it approaches in predetermined distance to assembly station robot, the assembly station has to stop and wait for it. Then transport mobile robot has to closely approach to an assembly station robot which have to find accurate position on a transport robot where it can/must put next part to be assembled. 

    Results of above stated problems create all forms of behaviours that autonomous mobile robot has to accomplish. Combination of these behaviours and specially comunication between mobile robots are forming complex, self-organised assembly system. Because of relatively simple behaviours, robot should be as simple as it could be, in a hardware and software way. 

5. METHODS PROPOSED FOR DESIGN OF MOBILE ROBOT`S BEHAVIOURS

There are few modern approaches that are dealing with the design of autonomous robot´s behaviour and that are suitable for needs of Bionic Assembly System: behaviour-based robotics, reinforcement learning and evolutionary robotics. All these approaches are sharing many same characteristics, so the question is what is a right choice? 

    Today is behaviour-based robotics most popular and most used approach in design of mobile robots behaviour all over the world. Basic idea is to divide robot´s behaviour in small basic behaviours, and then to program each behaviour separately. The total behaviour is a result of connecting all these simple behaviours in one entity. The advantage of this approach is that it is relatively simple when compering to other approaches. It is stabile and already used for many years. 

    Ueda (1999) has proposed reinforcement learning as a learning approach for autonomous robots in biological manufacturing systems. By each done step, robot becomes reward or a punishement, according to the task to be solved. In that way the robot is learning what to do by maximizing a numerical reward signal. In the most complicated cases, actions may affect not only the immediate reward, but also the next situation and, through that, all subsequent rewards. So the result of robot´s behaviour is coming from interaction between it, it´s environment and the task to be solved. This characteristic and trial-and-error search are two most important features of reinforcement learning.

    Another approach that is interesting for Bionic Assembly System needs is Evolutionary Robotics. This is a relatively new field in designing mobile robots behaviour. The control system of a robot (neural networks) is evolved with the use of evolutionary techniques (genetic algorithms). The user has to define fitness function, according to the task to be solved. According to this fitness function every member of generation is evaluated. The best individuals are creating a new generation, and the others are dying. When a generation with best fitness function is created, i.e. there is no more grow in function value, process is finished. The basic advantage of this approach is that it is not the researcher who designs all possible behaviours of the robot. The behaviour of a robot is a result of it´s evolution, i.e. of an emerging process between it and it´s environment. These characteristics and ideas of Evolutionary Robotics perfectly suit to the ideas of Bionic Assembly System. 

6. CONCLUSION

In this paper basic characteristics and forms of autonomous mobile robot´s behaviour in Bionic Assembly System are presented. Few approaches for design of robots behaviour are presented and these are behaviour-based robotics, evolutionary robotics and reinforcement learning. The tasks to be solved are basic criteria when choosing a most suitable method approach. In each way, a robot must autonomously develop it´s abilities and behaviours while it operates in manufacturing environment. It´s behaviour must be a result of constant interaction between it and it´s environment. The goal of further research is to choose the most suitable approach for designing autonomouse mobile robot´s behaviour in Bionic Assembly System. Using that approach above stated basic forms of robot´s behaviour have to be solved on real physical robots in a real environment.
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