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Navigationcanbedefinedasfinding theanswersto thethreequestions”WhereamI?”,
”Where do I go?”, and”How do I get there?”. For an autonomousmobile robot these
questionsreferto thetasksof self-localization, map-building, andpath-planning. In this
thesisall of thethreeproblemsareaddressedandsolutionsandnew scientificresultsare
provided. Especiallythefirst two problemsareinvestigatedthoroughlywith significant
new resultsobtained.Furthermore,theapplicationof all threenavigationtasksin a team
of robotic soccerplayersis developedresultingin the most successfulrobotic soccer
teamasof to date.

Self-Localization

Almostall navigationtasksin mobileroboticsrequiretherobotto havesomeideaaboutwhereit is in
theenvironment.Today’smethodscanroughlybedividedinto behavior basedsystems(i.e. noglobal
positionis available),landmark-basednavigation,anddensesensormatching.Especiallythelastone
employingaccuratesensorssuchaslaserrangefinders(LRFs)canyield very reliableandaccurate
resultsin globalpositionestimation.

Thethesisexperimentallycomparesdifferentmethodsfor matchingrangeinformationfrom LRFs
andproposesanew methodthatcombinesthescan-matchingapproachproposedby Coxwith theIDC
algorithmproposedby Lu andMilios. Thenew combinedmethod(CSM) inheritstheadvantagesof
bothapproacheswhile avoiding their drawbacks[1]1.

TheCSMmethodhasbeenextensively testedonaPioneer I robotequippedwith aSICK LRF and
with dataobtainedfrom experimentsof the mobile robot RHINO in the Deutsche Museum in Bonn
andtheDepartmentof ComputerScienceat theUniversityof Bonn.Theresultis thatscan-matching
is a powerful, accurate,androbustmethodfor trackingthepositionof a mobilerobot[17]. Fig. 1 (a)
displaysthetrail of therobotobtainedby scan-matchingduringa4.5hoursrun in themuseum.

Furthermore,thescan-matchingtechniqueshavebeenexperimentallycomparedwith agrid-based
Markov Localizationmethodwhichmaintainsaprobabilityvaluefor eachcell in a3 dimensionalgrid
coveringtheentireenvironment.Theresultsarethatscanmatchingis moreaccuratethanMarkov Lo-
calizationwhile thelatteris morerobustthantheformer. This is thefirst publicationthatexperimen-
tally comparedtwo significantdifferentmethodsfor mobilerobotself-localization.Thecomparison
concludeswith acombinationof Markov Localizationandscanmatchingthatinheritstheadvantages
of bothmethods[17]. Thiswork won thebestpaperawardat IROS98.

Map-Building

In orderto beableto localizeitself in anenvironment,theautonomousagentneedsa representation
or mapof theenvironment.Obtainingmapsfrom CAD modelsor measuringthemby humanscanbe
timeconsumingandinaccurate.Therobotshouldobtaina mapby its own.

Thethesispresentspreviouswork donein mapbuilding includingthemethodof consistentpose
estimationby Lu andMilios andanapproachusinganexpectationandmaximizationalgorithmpro-
posedby Thrunet al. A combinationof thesetwomethodshasbeendevelopedthatis ableto generate
accuratemapsbut requiresoff-line processingdueto high computationalcomplexity [18].

1Thecitationnumbersreferto thepublicationsaslistedin thedocumentdescribingtheeffective resultsof thePhD.
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Fig. 1. Major contributionsof thePhDthesis:(a)experimentalcomparisonof localizationmethods(here:data
from RHINO in a long termlocalizationexperimentin theDeutsche Museum in Bonn), (b) incrementalmap-
pingof largecyclic environments(here:correlationresponseof mappingalgorithmwith LRF dataobtainedin
CarnegieMellon’sWeanhall), (c) CSFreiburg roboticsoccerteam(here:two field playersandthegoalkeeper).

Using a recentlyproposednew 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(globalcorrelation)andconsistentposeestimationfor creatingaccuratemapswith a run
timecloseto real-time[10,13]. Fig. 1 (b) displaystheresultof correlatingthelastfew scansobtained
by therobotwith thepreviouslyobtainedmap.Fromthiscorrelationresponsetherobotcandetectits
truepositionin thecorridorandclosetheloop. This is thefirst methodpublishedthatis ableto map
largecyclic environmentson-line.

Robotic Soccer Playing

The RobotWorld Cup Initiative (RoboCup)is an attemptto foster researchin AI, robotics,multi-
agentsystems,andreal-timeplanningandexecutionby providing a standardproblemwherea wide
rangeof technologiescanbeintegratedandexamined.

In this thesis,thedevelopmentof theCSFreiburg roboticsoccerteamis presentedwith a deeper
focus on the self-localizationandperceptionmoduleof the robotsand their basicnavigation and
coordinationmechanisms[8,9,11,14].Fig. 1 (c) shows3 of the5 CSFreiburg robotplayers.

Theideaof thedevelopmentof theCSFreiburg teamwasbasedon theassumptionthatit would
be of greatadvantageif the robotsknow their positionin the field (at the first competitionin 1997
noneof the robotsin middle size leaguewascapableof this). A new scan-matchingmethodhas
beendevelopedthat exploits the polygonalRoboCupsoccerenvironment. In a comparisonof this
methodwith competingmethodsthethesisshows thatthenew methodis fasterandmorerobustthan
its competitorswhile still retainingtheir accuracy [6,12,15].

Giventheabsolutepositiononthefield, theintegrationof othersensorinformationfor localizing
playersandtheball is straight-forwardandthe local informationabouttheworld canbeexchanged
andfusedwith theteammates[2,3].

The CS Freiburg teamis the mostsuccessfulteamin the middle size leagueandwon 3 times
first placeandonetime3rd place[1,4,5,14].In thefirst yearof its participation,its successcouldbe
clearlyattributedto thecapabilityof therobotsbeingableto localizethemselvesonthefield [19]. The
localizationmodulesincethenbasicallyremainedunchangedenablingthedevelopmentof furtherand
moresophisticatedskills suchasdribbling aroundtheopponent,reboundshotsusingthewalls, and
ball passingin front of theopponent’sgoal[4,5].


