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This report addresses a multiple robot system, BeRoSH (Behavior-based Multiple Robot

System with Host for Object Manipulation), incorporating a behavior-based dynamic coopera-

tion strategy for multiple robots.

Chapter 1: Introduction

Using robots to help or replace human beings when performing some useful task has always

been an important driving force in the development of robotic systems. The object manipulat-

ing task is popular one in robotics research, perhaps because it can have various interpretations

without losing the most basic nature —to act on the real world—. This chapter describes an in-

troduction on the object manipulation task and the cooperative work by multiple mobile robots.

In this part, the purpose, the motivation and the results preview of the study are also
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addressed.

Chapter 2 :Multiple Robot System
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Fig.1 : The System Consists of a Host and Behavior- Fig.2 : A Vehicle robot team in ma-
Based Vehicle Robots nipulation.

The second chapter describes a scheme of a multiple robot system, BeRoSH, which maintains
a host as its leader, and incorporates homogeneous behavior-based robots which have limited
ability for performing a cooperative task. The host in BeRoSH acts as a leader and organizer
which coordinates the robots’ behavior, generates goals for the robots, and offers some global
information to each robot to modify its own data. The host does not perform any calculation
of target object dynamics or force distribution for dynamic cooperation. System BeRoSH is not
a centralized system, because the dynamic cooperation for its manipulation task is realized by
each robot’s cooperative behavior and the organization of these behaviors. In this chapter, two
experimental testbeds used in the multi-robot cooperation study: a simulated robots system and

a real robots system, are also introduced.

Chapter 3 : Cooperation Strategy in Manipulation

This chapter describes the behavior-based dynamic cooperation strategy for achieving an ob-
ject manipulation task. The cooperation strategy in system BeRoSH is realized in two steps: de-
signing the distributed robots’ cooperative behavioral attributes according to their abilities,
and organizing these abilities. The idealogy of this cooperation strategy is that each individual
robot, which has some definite behavioral attributes, is used as the subject for cooperation. It
is different from those system in which some physical parameters related to robot control are
used as key subjects for cooperation. The policy for designing each robots behavioral attributes
is based on the following two items:

(1) let every robot agent have the nature that it is active in its ability direction
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(2) let every robot agent have the nature that it is passive in its non-ability direction
The active nature of each robot and the correct organization of robots enables all robots to
work on on performing the cooperative task. The passive nature in the non-ability direction of
each robot prevents conflicts from occurring among robots. In organizing robots’ abilities, the
concept of Form Closure is introduced to the host as the basic planning strategy for organiza-
tion. Through the behavior design, this cooperation strategy allows the dynamic cooperation
control to be distributed equally among the robots. Therefore, the cooperation strategy has a
very good adaptability to cope with redundancy in the number of robots which perform the
task. Also, it has a good potential to realize a middle to large scale system for achieving some

cooperative tasks.

Chapter 4 : Behavior-Based Vehicle Robot

To realize the autonomous moving and cooperative manipulating action of each robot, the ro-
bot’s behavioral attributes is designed using an extended subsumption architecture. All behav-
iors are designed as several behavior layers in a wholly parallel, simple architecture. From the
view point in which the robot’s behavior is a Finite-State Automaton, when designing such as
system, the phase of each behavior-based robot, which includes some states and corresponding
transitions caused by some situation such as motivation to achieve a task, shows a dramatic
change. This change occurs in the appearance of some phases which indicate whether the robot
is in a cooperative state or not, rather than by the addition of some phases for new motivation.
By discussing the state changing of a behavior-based robot in cooperative manipulation, it can
be shown clearly that the phase “in Cooperative State—non-Motivated to a Cooperative Task”

plays an important role in a behavior-based cooperation strategy.

Chapter b : System Construction and Cooperation

Some basic simulation and experimental results on achieving object transportation task and
a simple object assembly task are presented in the first part of this chapter. These results have
verified the ideas: the basic dynamic cooperation strategy, the behavior design of each robot,
and the system construction of BeRoSH, which are described in the previous chapters.

"Also an advanced dynamic cooperative strategy which cooperates the rohots team to perform
complicated manipulation tasks, has been presented. These complex tasks are those one which
must consider the problem resulting from disturbances that prevent the task from being
achieved, such as an object transportation task with unknown obstacles in the environment. In
the advanced dynamic cooperative strategy, a new behavior, which works on checking the task
performing status on each robot’s ability direction, is implemented into each vehicle robot’s

controller. This new behavior gives the system a nature that, the system will remove elements
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ble it into another fixed part.

i

give us a clear image of how the system style is based on a bottom-up approach.
{

Fig.3 : Experiment Result : Three robots transport an object to the target position and assem-

which have resulted in the deadlock on task achieving when a deadlock occurs. The new strategy
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Fig.4 : Simulation Result : Even though there is an unknown obstacle, an object is transported

to the target by three robots with the ability of checking task performing situation.




Also the relationship between system style and ability level of each individual robot, the
flexibility, and the robustness of system BeRoSH have been discussed in this chapter. An addi-
tional policy on organizing all robots’ behaviors is introduced to give the whole system a uni-
form manipulation ability, while the organization of all robots’ behaviors satisfies the basic
policy Form Closure. This makes multiple robot team work more effectively in an object trans-

portation task.

Chapter 6 : Communication Style
This chapter discusses the communication style in BeRoSH. In this part, [ also describe how

each robot is locally autonomous in an extended environment including the host.

Chapter 7 : Related Research Work on Object Manipulation
This chapter reviews the current state of related work in cooperation of multiple robots on
performing box pushing demonstration and object transportation task, and related work in ob-

ject manipulation using robot arms and fingers.
Chapter 8 : Summary and Conclusions

This chapter summarizes the main contribution of this report and describes areas of future

work.
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