Multi-Agent Collaboration with Semi-Static Formation
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Abstract

The Robocup initiative was started in an attempt to foster Al research by providing problems where a wide
range of technologies can be implemented integrated and utilized to provide solutions.

Our first approach to the first Pacific Rim Series of the ROBOCUP Al research is one, which utilize multi-
agent collaboration. Using Strategically positioning, specialist roles, individual player responsiblilies and a
barrage of interesting research result based on both real soccer and server soccer we have developed our
client's behavior in hope of excelling in this dynamic environment.

1. Introduction

For the actual simulation league competition, all participants are required to complete througtethe so
server using their client programs. There have in fact been many successful client implementations,
namely theRobot Learning Based on LfE MethibgAsada et glGeneric Programmindy Luke et a|
Decision Treddy Stone et aletc. We decide to focus on the workvditsubarawhich implementdulti-
Agent Collaboratiorwhich is similar to the teamwork structure often found in successful real life soccer
teams.

The following sections below describe the behavior of our primary agent framework.

2. Team Structure

The team consist of 11 agents formed up in #miStaticd-3-3 formations (4 defends, 3 mid fielders, 3
strikers). These will later be broken up further into more specialized roles and functionality for every
individual player just like real soccer <further explained in the roles and resitignsdction>.
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Our terminology ofSemi-Static Formatiomeans that the mid fielders are not confined to the mid field as
their area of play but will instead continuously capture the ball dataeantito it by changing their position
in the playing field.

Also like actual soccer, players have an initial start up position i.e. position before kick off. This has been
thoroughly experimented via trial and error to give an initial start position thatllew the players the
fastest access to their pre-assigned strategic default position once kick off has been initiated.

The strategically position assigned to each individual is then later combined with on field communications to
result in the offensive and defensive playing tactics.

3. Roles & Responsibility

Each agent has been assigned to a certain role in the field and is totally indispensable if the team is to reach
its maximum playing capacity. Every individual role is broken down and explained below:

General Role Specialist Role Responsibility
Goalkeeper - To prevent goals from being scored by placing himself

between goal and ball.

Defender Sweeper The job of the defender is to prevent any opposition from
attempting any attack on our goal.The Specialist defined herein
or theSweepehas the job of acting as the secondary goalie as
well as to judge incoming offense. If the sweeper rules that the
incoming offensive is too dangerous then it will
attempt to clear the ball away by kicking it out of the playing
field. Else it will only act as a normal defender positioned
extremely close to the goalie to help out with the goal keeping
Defenders are also responsible for homekidk-ins.

Mid Fielders - The primary goal of the mid-fielder is to feed balls to the
attackers as well as provide support to the defense in times of
need. The mid-field is also responsible Kaak-inson the
opponent side.

Lastly, mid-fielders are also supposed to react to the changes

to the current ball position and change tactics. This is to

either overbear the opponent defense or to provide support for
defense on the homeside.

Attacker playmaker The goal of the attackers is to score goals. They will also hard
press opponent defense for ball possession.
The play-makerwill be the deciding factor as to hayach
offense can be implemented as he will be controlling the ball
most of the time.
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4. Behavior

General

Using Strategic Positioning we have placed our players at certain nodes or position in the playing field then
we have assigned every player with a certain zone that they-ehargeof. We have found that this tactic
helps to conserve stamina greatly.

Players are also programmed with a anxiousness factor. This is reflected when the time counter reaches
close to maximum and the team is still lagging in goals. Under the following condition the team will go all out
in an attempt to equalize or win in goal scores.

The team will also broadcast whatever it sees continuously to its team mates. This is to ensure that all the
players will know the position of the ball so that they @aefit continuously. The broadcastingl\also
help to allow efficient passes which is essential for carrying out all essential strategy.

Attacker

We have on the playing field defined certain shoot zones. This shoot zone have been specially allocated to
concentrate all offensive on the sides as experiments have shown that attacks based on the left and right flanks
have higher probability of saess.

The attackers have also been program with this instinct of chasing after all balls inside the penalty area.
Again this will greatly increase ttwds of scoring.

The play maker is made with the ability to dribble the ball and make efficient passes to the other attackers to
help them to score goals. He will also be the one to initiate the strategies and various tactics for offensive

play,
Defender

The sweeper uses current ball data <either those he observed himself on the field or those that others
communicates to him> to decide if the incoming ball poses a great threat to the goal or not. His directives are
simple. Go all out to clear the ball away even if it means kicking it out of the field if the ball poses a threat.
This is especially useful for stopping attacks targeted at the hard to save angled attacks.

The defense will also use offside trapping, alifoit is a very ungentlemanly mode of play but then by

shifting the defenders upwards we can stop all opponent ball passes. Duederitiemanly nature it will
only be used as a last resort defense plan.

Mid-field
The midfields are programmed to ensure that the oppondhtsotwdeliver the ball over to our side to
threaten our defense. Mid-fielders are also assigned the role of backing up the attackers during offense and

defenders during a time when the goal is threatened.

This tactic is implemented using a semi-static formation where the playeewgilve, analysis the current
ball position and change their positioning in the field to suit the needs of different playing methods.

5. Conclusion and Future

Page 3 of 5



In the above paper we have presented our ideas at implementing the multi Agent collaboration based on
strategically position and individual roles and responsibility. Everything has been modeled as closely as
possible to an actual soccer team and the whole team is now similar to an colony of ants where everyone is
indispensable and has to work together for maximum efficiency. Everything presented herein is accurate up to
the time of press. In the future we hope that we can further on the communications between the agents to
maybe even to the extend of "stealing" information from opponents and from this information deprive their
tactics. Finally, we hope that we can fully implement the formation scheme to one that is totally dynamic!

6. Acknowledgements

We would like to thank all the people who have helped us in the course of the project especially our project
supervisor, Mdm Voon Ching Choo for her unfailing support in this project. Also thanks to Tralvex Yeap,
KRDL for providing the reading resources. Also thanks to Dr. Stone from CMU for his sample source codes
for reference.

7. References

[Achim et al., 1996] Sorin Achim, Peter Stone and Manuela Veloso. Building a Dedicated Robotic Soccer
System. International Conference on Intelligepb&s and Systems 1996 (IROS'96) Workshop on RoboCup.

[Andre et al., 1997] Elisabeth Andre, Gerd Herzog and Thomas Rist. Generating Multimedia Presentations
for RoboCup Soccer Games.

[Asada et al., 1997] Minoru Asada, Peter Stone, Hiroaki Kitano, Barry Werger, Yasuo Kuniyoshi, Alexis
Drogoul, Dominique Duhaut, Manuela Veloso, Hajime Asama and Sho'ji Suzuki. The RoboCup Physical
Agent Intelligence (AAl), Volumd 2, 1998.

[Asada et al., 1995] Minoru Asada, Shoichi Noda and Koh Hosoda. Non-Physical Intervention in Robot
Learning Based on LfE Method (454K). Proc. Of Machine Learning Conference Workshop on Learning from
Examples vs. Programming by Demonstration, pp.25-31, 1995

[Bersano-BeBegey et al., 1997] Tommaso Bersano-Begey, Patnicl kad Edmund Durfee. Multi-Agent
Teamwork, Adaptive Learning and Adversarial Planning in Robocup Using a PRS Architecture, IJCAI97.

[Ch'ng et al., 1997] Simon Ch'ng and Lin Padgham. Team description: Royal Melbourne Knights.

[Kitano, 1997] Hiroaki Kitano. RoboCup: The Robot World Cup Initiative in Proc. Of The First International
Conference on Autonomous Agent (Agents-97)), Marina del Ray, The ACM Press, 1997.

[Luke et al., 1997] Sean Luke, Charles Hohn, Jonathan Farris, Gary Jackson and James Hendler. Co-evolving
Soccer Softbot Team Coordination with Genetic Programming. In proceedings of the RoboCup-97 Workshop
at the 18' International Joint Conference on Avtificial Intelligence (IJCAI97).H.Kitano, ed. .IQAI118.

[Matsubara et al., 1996] Hitoshi Matsubara, Itsuki Noda and Kazuo Hiraki. Learning of Cooperative Actions
in Multi-Agent Systems: a case study of pass in Sodo®l-96 Spring Symposium on Adaptation,
Convolution and Learning in Multi-agent Systems, SS-96-01, pp.63-67, Mar. 1996.

[Noda et al., 1997] Itsuki Noda, Hitoshi Matsubara, Kazuo Hiraki and lan Frank. Soccer Server: a tool for
research on multi-agent systems. To appear in Applied Artificial Intelligé8eg.

[Noda et al., 1996] Itsuki Noda, Hitoshi Matsubara and Kazuo Hiraki. Learning Cooperative Behavior in
Multi-agent Environment: - a case study of choice of play-plans in soccer-, PRICAI'96: Topics in Atrtificial

Page 4 of 5



Intelligence (Proc. OfA Pacific Rim International Conference on Atrtificial Intelligence, Cairns, Australia),
pp.570-579, Aug. 1996.

[Noda, 1995] Itsuki Noda. Soccer Server: a simulator for RoboCup , JSAI Al-Symposium 95: Special
Session on RoboCup, Dec. 1995.

[Stone et al., 1998] Peter Stone and Manuela Veloso. Using Decision Tree Confidence Factors for Multiagent
Control. In RoboCup-97: The First Robot World Cup Soccer Games and Conferences, H. Kitano (ed.), 1998.
Springer Verlag, Berlin. Also in Second International Conference on Autonomous Agents, 1998.

[Stone et al., 1998] Peter Stone and Manuela Veloso. The CMUnited-97 Simulator Team. In RoboCup-97:
The First Robot World Cup Soccer Games and conferences, H. Kitano (ed.), 1998. Springer Verlag, Berlin.

[Tambe, 1997] manuela Tambe. Towards Flexible Teamwork Journal of Artificibiigetee Research,
Volume 7, pp.83-124.

Page 5 of 5



