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EvolutionaryL earning
of Fuzzy Control
INn Robot-Soccer
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Centra QueendandUniversity, Austraia

ABSTRACT

In thiscchapter an evolutionary algorithmis devel oped to learn a fuzzy
knowledgebasefor thecontrol of asoccer micro-robot fromany configuration
belonging to a grid of initial configurations, to hit the ball along the ball to
goal lineof sight. Arelativecoordinate systemisused.-Forward and reverse
mode of the robot and its physical dimensionsareincorporated, as well as
special considerationsto caseswhen initsinitial configuration, therobot is
touching the ball.

INTRODUCTION

Animportant aspect of fuzzy | ogic appli cationisthedeterminationof afuzzy
logicknowledgebasetosatisfactorily control thespecified system, whether thisis
derivablefromanappropriatemathematical modd or just fromsysteminput-output
data. Inherentinthisaretwo mainproblems. Thefirstistoobtainanadequate
knowledgebase(KB) for thecontroller, usually obtainedfromexpert knowledge,
and secondisthat of sel ection of key parametersdefinedinthemethod.

The KB istypically generated by expert knowledge but a fundamental
weeknesswiththisstaticacquisitionisthatitisfrequently incompl ete, anditscontrol
strategiesareconsefvative. Toovercomethisoneapproachistoconstruct self-
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organisingfuzzy logiccontrollers(Y an, 1994). Theseself-organisingfuzzylogic
controllersareused mainly for thecreationand modification of therulebase. Of
interestisthequestion of how thissel f-organi sation and adaptation canbecarried
outinanautomatedfashion. Onewayistoincorporategenetic/evol utionary agorithms
toformgeneticfuzzy systems, (Karr,1991; Thrift, 1991; Cordon, 1995).

Evolutionary learning of fuzzy controll ersinathree-level hierarchical, fuzzy
logic system to solveacollision-avoidance problemin asimul ated two-robot
systemisdiscussed inMohammadian (1998a). A key issueisthat of learning
knowledgeinagivenlayer sufficientfor useinhigherlayers. WeneedtofindakK B
that iseffective, to someacceptablemeasure, incontrollingtherobot toitstarget
from ‘any’ initial configuration. Oneway istofirst learn aset of local fuzzy
controllers, each KB learned by anevol utionary algorithmfromagiveninitial
configuration within aset of initial configurations spread uniformly over the
configurationspace. TheseK Bscanthen befused through afuzzy amal gamation
process(Mohammadian, 1994, 1998b; Stonier, 1995a, 1995b), into theglobal
(final), fuzzy control knowledgebase. Analternativeapproach (Mohammadian,
1996; Stonier, 1998), istodevel opanevolutionary algorithmtolearndirectly the
‘find’ KB by itself overtheregionof initia configurations.

Inthischapter weusethislatter approach andincorporatespecial attributes
tocoverthedifficult casesfor control whentherobotiscloseandtouchingtheball.
A relative coordinate system isused and terms areintroduced into the fithess
eval uationsthat allow both forward and reversemotion of thesoccer robot. We
definetherobot soccer system, thedesign of thefuzzy controller, thedesignof the
evolutionary algorithmandfinishwithashort presentationof resultsfor control of
therobot from afar distance from the ball and from configurations close and
touchingtheball.

ROBOT SOCCERSYSTEM

Thebasicrobot soccer system consideredisthat definedfor the Federation
of Robot-Soccer A ssociation, Robot World Cup (www.fira.net). All calculations
for vision data processing, strategies and position control of the robots are
performed on a centralised host computer. Full specifications of hardware,
softwareand basi crobot strategi esthat areempl oyedinthi stypeof micro-robot
soccer system canbefoundinKim (1998).

Kinematics

Thekinematicsof awhee chair-stylerobotisgivenby Equation 1 fromJung
(1999).
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