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Navigationcanbe definedasfinding the answerdo thethreequestionsWheream1?”,

"Wheredo | go?”, and”"How do | getthere?”. For anautonomousnobile robot these
questiongeferto thetasksof self-localization, map-building, andpath-planning. In this
thesisall of thethreeproblemsareaddressedndsolutionsandnew scientificresultsare
provided. Especiallythefirst two problemsareinvestigatedhoroughlywith significant
new resultsobtained.Furthermorethe applicationof all threenavigationtasksin ateam
of robotic soccerplayersis developedresultingin the most successfutobotic soccer
teamasof to date.

Salf-L ocalization

Almostall navigationtasksin mobileroboticsrequiretherobotto have someideaaboutwhereit isin
theervironment.Today's methodscanroughlybedividedinto behaior basedsystemsi.e. noglobal
positionis available),landmark-basedavigation,anddensesensomatching.Especiallythelastone
employingaccuratesensorsuchaslaserrangefinders(LRFs) canyield very reliableandaccurate
resultsin globalpositionestimation.

Thethesisexperimentallycompareslifferentmethodgor matchingrangeinformationfrom LRFs
andproposesnen methodthatcombineghescan-matchingpproactproposedy Coxwith thelDC
algorithmproposedy Lu andMilios. The new combinedmethod(CSM) inheritsthe advantageof
bothapproachewhile avoiding their dravbacks[1]*.

TheCSM methodhasbeenextensiely testedonaPioneer | robotequippedvith aSICK LRF and
with dataobtainedfrom experimentsof the mobile robot RHINO in the Deutsche Museum in Bonn
andthe Departmenbf ComputerScienceat the University of Bonn. Theresultis thatscan-matching
is a powerful, accurateandrobust methodfor trackingthe positionof a mobilerobot[17]. Fig. 1 (a)
displaysthetrail of therobotobtainedby scan-matchingluringa4.5hoursrunin themuseum.

Furthermorethescan-matchingechniquesave beenexperimentallycomparedvith agrid-based
Markov Localizationmethodwhich maintainsa probabilityvaluefor eachcell in a3 dimensionagrid
coveringtheentireervironment. Theresultsarethatscanmatchingis moreaccuratehanMarkov Lo-
calizationwhile thelatteris morerobustthantheformer. Thisis thefirst publicationthatexperimen-
tally comparedwo significantdifferentmethodsor mobilerobot self-localization.The comparison
concludesvith acombinationof Markov Localizationandscanmatchingthatinheritstheadwantages
of bothmethodg17]. Thiswork won the bestpaperawardatIROS 98.

Map-Building

In orderto beableto localizeitself in anernvironment,the autonomousgentneedsa representation
or mapof theervironment.Obtainingmapsfrom CAD modelsor measuringhemby humanscanbe
time consumingandinaccurateTherobotshouldobtaina mapby its own.
Thethesispresentgprevious work donein mapbuilding includingthe methodof consistenpose
estimationby Lu andMilios andanapproachusingan expectationandmaximizationalgorithmpro-
posedby Thrunet al. A combinatiorof thesetwo methoddhasbeendevelopedthatis ableto generate
accuratemapsbut requiresoff-line processinglueto high computationatompleity [18].

Thecitationnumbergeferto the publicationsaslistedin the documentdescribingthe effective resultsof the PhD.
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Fig. 1. Major contrikutionsof the PhDthesis:(a) experimentalcomparisorof localizationmethodghere:data
from RHINO in along termlocalizationexperimentin the Deutsche Museum in Bonn), (b) incrementaimap-
ping of large cyclic ervironments(here:correlationresponsef mappingalgorithmwith LRF dataobtainedn
Carngjie Mellon’s Weanhall), (c) CSFreiturg roboticsoccetteam(here:two field playersandthegoalkeeper).

Using a recentlyproposednen methodin global mobile robot localization,the thesisdevelops
a new mappingalgorithm (LRGC) that createsmapsof large cyclic environmentson-line without
relying on featuresor operatorinteractions. LRGC usesscanmatching(local registration), map
correlation(global correlation)andconsistenposeestimationfor creatingaccuratanapswith arun
time closeto real-time[10,13]. Fig. 1 (b) displaystheresultof correlatingthe lastfew scanobtained
by therobotwith the previously obtainedmap. Fromthis correlationresponseherobotcandetectits
true positionin the corridorandclosethe loop. This is thefirst methodpublishedthatis ableto map
large cyclic ervironmentson-line.

Robotic Soccer Playing

The RobotWorld Cup Initiative (RoboCup)is an attemptto fosterresearchin Al, robotics, multi-
agentsystemsandreal-timeplanningandexecutionby providing a standardproblemwherea wide
rangeof technologiesanbeintegratedandexamined.

In this thesis the developmentof the CS Freilurg robotic soccerteamis presenteavith a deeper
focus on the self-localizationand perceptionmodule of the robotsand their basicnhavigation and
coordinationrmechanism$3,9,11,14].Fig. 1 (c) shows 3 of the5 CSFreilurg robotplayers.

Theideaof the developmentof the CS Freilurg teamwasbasedon the assumptiorthatit would
be of greatadvantageif the robotsknow their positionin the field (at the first competitionin 1997
noneof the robotsin middle size leaguewas capableof this). A new scan-matchingnethodhas
beendevelopedthat exploits the polygonalRoboCupsoccerervironment. In a comparisorof this
methodwith competingmethodghe thesisshavs thatthe new methodis fasterandmorerobustthan
its competitorswhile still retainingtheir accurag [6,12,15].

Giventheabsolutepositiononthefield, theintegrationof othersensoinformationfor localizing
playersandthe ball is straight-forwardandthe local informationaboutthe world canbe exchanged
andfusedwith theteammateq2,3].

The CS Freikurg teamis the mostsuccessfuteamin the middle size leagueand won 3 times
first placeandonetime 3rd place[1,4,5,14].In thefirst yearof its participation,its succesgouldbe
clearlyattributedto the capabilityof therobotsbeingableto localizethemselesonthefield [19]. The
localizationmodulesincethenbasicallyremainedinchange@nablingthedevelopmenof furtherand
more sophisticatedkills suchasdribbling aroundthe opponentyeboundshotsusingthe walls, and
ball passingn front of theopponent goal[4,5].



