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Abstract

Navigationin unknownunstructuredenvironmentsis still adifficult openproblemin the
field of robotics. In this PhD thesiswe presenta novel approachfor robot navigation
basedon the combinationof landmark-basednavigation, fuzzy distancesandangles
representationandmultiagentcoordinationbasedon a biddingmechanism.Theobjec-
tivehasbeento havearobustnavigationsystemwith orientationsensefor unstructured
environmentsusingvisual information.

To achieve suchobjective we have focusedour efforts on two main threads:navi-
gationandmappingmethods,andcontrolarchitecturesfor autonomousrobots.

Regardingthenavigationandmappingtask,we have extendedthework presented
by Prescott,so that it canbeusedwith fuzzy informationaboutthe locationsof land-
marksin theenvironment.Togetherwith this extension,we havealsodevelopedmeth-
odsto computedivertingtargets,neededby therobotwhenit getsblocked.

Regardingthe control architecture,we have proposeda generalarchitecturethat
usesabiddingmechanismto coordinateagroupof systemsthatcontroltherobot.This
mechanismcan be usedat different levels of the control architecture. In our case,
we have usedit to coordinatethe threesystemsof the robot (Navigation, Pilot and
Vision systems)andalsoto coordinatetheagentsthatcomposetheNavigationsystem
itself. Using this bidding mechanismthe actionactuallybeingexecutedby the robot
is the mostvaluedoneat eachpoint in time, so, given that the agentsbid rationally,
thedynamicsof thebiddingswould leadtherobot to executethenecessaryactionsin
orderto reachagiventarget.Theadvantageof usingsuchmechanismis thatthereis no
needto createa hierarchy, suchin thesubsumptionarchitecture,but it is dynamically
changingdependingon thespecificsituationof therobotandthecharacteristicsof the
environment.

We have obtainedsuccessfulresults,both on simulationandon real experimenta-
tion, showing that the mappingsystemis capableof building a mapof an unknown
environmentandusethis informationto movetherobotfrom astartingpoint to agiven
target. Theexperimentationalsoshowedthat thebiddingmechanismwe designedfor
controlling the robot producesthe overall behavior of executingthe properactionat
eachmomentin orderto reachthetarget.
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Resum

La navegacío enentornsdesconegutsno estructuratśesencaraun problemaobertenel
campdela robòtica. En aquestatesipresentemunaaproximacío pera la navegacío de
robotsbasadaenla combinacío denavegacío basadaenlandmarks,representació fuzzy
d’anglesi dist̀anciesi unacoordinacío multiagentbasadaen un mecanismede dites.
L’objectiudela tesihasigutdesenvoluparunsistemadenavegacío robustambsentitde
l’orientació peraentornsno estructuratsusantinformacío visual.

Per tal d’assolir aquestobjectiu, hem centratels nostresesforços en dueslı́nies
d’investigacío: mètodesdenavegacío i construccío demapes,i arquitecturesdecontrol
pera robotsaut̀onoms.

Pel quefa als mètodesde navegacío i construccío de mapes,hemextèsel treball
presentatperPrescottper tal queespugui utilitzar ambinformacío fuzzy sobrela lo-
calitazcío delslandmarks.A partd’aquestaextensío, tamb́ehemdesenvolupatmètodes
pera calcularobjectiusalternatius,necessarisquanel robottrobael caḿı bloquejat.

Pel quefa a l’arquitecturade control, hemproposatunaarquitecturageneralque
utilitza un mecanismede ditesper a coordinarun grup de sistemesquecontrolenel
robot. Aquestmecanismepot ser usaten diferentsnivells de l’arquitectura. En el
nostrecasl’hem usatper a coordinarels tres sistemesdel robot (Navegacío, Pilot i
Visió), i tamb́eperacoordinarelsagentsquecomposenel sistemadeNavegacío. Usant
aquestmecanismede dites, l’acció que executael robot és la més ben valoradaen
cadainstant. D’aquestamanera,i si els agentsfan lesditesd’una maneraracional,la
dinàmicade lesditesportael robota executarlesaccionsnecess̀ariesper tal d’arribar
a l’objectiu indicat. L’avantatged’utilitzar aquestmecanisméesqueno cal imposar
unajerarquiaentreelssistemes,compassaen l’arquitecturadesubsumpcío, si no que
aquestajerarquiacanvia dinàmicament,depenentdela situacío enquèestrobael robot
i lescaracteŕıstiquesdel’entorn.

Hemobtingutresultatssatisfactoris,tantensimulacío comenexperimentacío amb
unrobotreal,queconfirmenqueel sistemadenavegacío éscapac¸ deconstruirunmapa
d’un entorndesconegut i utlitzar-lo per a moureel robot d’una posicío inicial a un
objectiudonat.L’experimentacío tamb́ehamostratqueel sistemadecoordinacío basat
en dites que hem dissenyat produeixel comportamentglobal d’executarles accions
necess̀ariesencadainstantpertal d’arribara l’objectiu.
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