A Plugin-BasedAr chitecture For Simulation In The
F2000League

AlexanderKleiner , ThorstenBuchheim

Institutfur Informatik Institutfur Informatik
Universi@éat Freiburg Universi@at Stuttgart
79110Freilurg, Germany 70565Stuttgart,Germary

kleiner@informatik.uni-freibrg.de  buchheim@informatik.uni-stuttgart.de

Abstract. Simulationhasbecomeanessentiapartin thedevelopmenprocesof
autonomousoboticsystemsln thedomainof robotics,developersoftenarecon-
frontedwith problemdlike noisy sensordata,hardwaremalfunctionsandscarce
ortemporarilyinoperableéhardvwareresourcesA solutionto mostof theproblems
canbe given by tools which allow the simulationof the applicationscenarioin
varying degreesof abstractionrandthe suppressiorof unwantedfeaturesof the
domain(like e.g. sensomoise). The RoboCupscenarioof autonomousnobile
robotsplaying socceris onesuchdomainwherethe abose mentionedproblems
typically arise.

In this work we will presenta e xible simulation platform for the RoboCup
F2000 leaguedevelopedas a joint open sourceproject by the universities of
Freiturg [14] and Stuttgart[8] which achiezes a maximumdegreeof modular
ity by a plugin basedarchitectureandallows teamsto easilydevelop andshare
software modulesfor the simulationof different sensorskinematicsand even
completeplayerbehaiors.

Moreover we shav how plugins canbe utilized to implementbenchmarktasks
for multi robotlearningandgive an examplethat demonstratebow the generic
plugin approachcanbe extendedtowardsthe implementatiorof hardwareinde-
pendentlgorithmsfor robotlocalization.

1 Intr oduction

Simulationhasbecomean essentiapart in the developmentprocessof autonomous
robotic systemsin the domainof robotics,developersoften areconfrontedwith prob-
lemslike noisy sensordata,hardwaremalfunctionsandscarceor temporarilyinopera-
ble hardwareresourcesA solutionto mostof the problemscanbegivenby toolswhich
allow the simulationof the applicationscenarian varying degreesof abstractiorand
thesuppressionf unwantedfeaturesof thedomain(lik e e.g.sensomoise).

The RoboCupscenarioof autonomousnobile robotsplaying socceris one such
domainwherethe above mentionedoroblemstypically arise.In contrasto thethesim-
ulationleaguel[6] wherethereis a prede nedtype of playerwith x edactionandper
ception capabilitiesin the simulatedervironment,the F2000leaguepermitsa great
diversity of robotsin shape kinematicsand sensoricsTypically, teamsin the F2000
leagueusemulti sensorapproacheso gatherrelevantinformationabouttheir erviron-
mentfor the taskof playing soccer Here,all kind of local sensorslike ultrasonicor



infrared sensors|aserrange nders, cameraor omni-visionsensorsmay be usedin
arbitrarycombinationson therobot.

Existing simulationtools for the F2000leagueusually are ratherspecializedfor
a certainrobot architectureof one team,restrictedto a certainsoftware languageor
deeplyinterwovenwithin theteams softwarestructureg[1] . Evenif acertainadaptabil-
ity to differentkindsof robotsetupsor robotcontrolpropertiegartially wasconsidered
within somesoftware designg[2], usuallya lot of work still hasto be spentto adapt
the softwareto theindividual needsof oneteamwithout ary generalbene t for other
teams.

In this paperwe presenta e xible simulation platform for the RoboCupF2000
leaguedevelopedasajoint opensourceprojectby the universitiesof Freiturg [14] and
Stuttgarf8]. Thesimulatoris basednaclient/senerconcepthatallowsthesimulation
of diverserobotsandalsothe simulationof teamplay.

The simulatorachievesa maximumdegreeof modularityby a plugin basedarchi-
tecture.Software pluginsarewell known from the eld of softwareengineeringpar
ticularly in the Internetcontext. They arebasicallydynamiclibrarieswhich extendthe
functionality of anapplicationwhile loadedat runtime.We introducea genericplugin
conceptfor the simulationof the dynamicmodel and the sensorsf an autonomous
robot. This conceptmakesit possibleto easily develop and sharemodular software
componentsvhich canbere-usedn variousrobotsetupf differentteams.

Furthermorewe introducepluginsfor robotbehaiors. Theseare softwarecompo-
nentswhich implementa full playerbehaior in the senseof readingandreactingon
sensordatawhile runningasintegratedmoduleof the simulation.We shav how they
canbeutilized to implementbenchmarkasksfor multi robotlearning.

Finally we give anexamplethatdemonstrateBow the genericplugin approactcan
be extendedowardstheimplementatiorof hardwareindependenalgorithmsfor robot
localization.Thelatestversionof the simulatoris freely availablefrom our homepage
[12].

The remainderof this paperis structuredasfollows. Section2 givesan overview
of the sener andsection3 of the client part of the simulator The conceptof plugins
which is usedby both parts,will be describedn moredetailin Section4. In section5
we sketchsomeapplicationdik e localizationandlearningandin section6 we give an
outlookto futuredevelopments.

2 Sewer architecture

The coreof theseneris a 2D physicssimulationthat continuouslycomputeghe state
of the world within discretetime intervals . At time , the simulationcalculateghe
subsequenworld statefor time by takinginto accountvelocitiesof objectsand
theirmodi ed internalstates|ik e for instancecommittedmotioncommandgo arobot.
As indicatedin gure 1, the physicssimulationis basicallyin uenced by robot
objectsexisting onthe sener. Robotscaneitherbe controlledby clientsconnectingvia
the messge board over a TCP/IPsoclet or by a player plugin which is startedwithin
thegraphicaluserinterface(GUI). In caseaplayerpluginis createdy the GUI, arobot
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Fig. 1. Overview of thesener architecture

is createcandassignedo the plugin. If createcby themessag®oard,therobotwill be
controlledby theremoteconnecteatlient.

To eachrobotthereis a motionplugin anda sensorcontainerassociatedThe mo-
tion plugin simulatesthe robot's dynamics,whereasthe sensorcontaineraggrejates
variouspluginsthatimplementthe simulationof its sensorsThe creationof the dif-
ferentpluginsis doneby a plugin factory which detectghe available pluginsat sener
startup.A moredetaileddescriptionof the pluginswill begivenin section4.

Theindividual setupof arobotis de ned by arobotcon guration le which con-
tainsinformationon its sensormandmotion plugins.Furthermorehe le includesade-
scriptionof therobot's geometryandmanipulators.

Manipulatorsare designedas variable parts of the robot geometrywhich canbe
switchedbetweenra setof stateswith differing geometricsetupsFurthermoremanipu-
lator statescancontainanadditionalparametedescribingheir ability to accelerat¢he
ball whichis neededor thede nition of kicking devices.

Additionally, the stateof the world canbe in uenced by the refeee module The
intentionof this moduleis to implementa setof rulesrestrictingthe robotsactionsin
someway. At thecurrentstage however, thereferees limited to countthescore taking
the ball backinto thegameif crossingthe eld boundaryandresettingthe gamewhen
agoalwasmarked.The physicssimulationandthecommunicatiorwill bedescribedn
moredetailin thefollowing section.



2.1 PhysicsSimulation

The physicssimulationis carriedoutin the plane.Simulationparameterssuchasfric-
tion, restitutionand cycle time are con gurable by the simulationcon guration le.
The le alsode nesthe setupof the ervironmentwhich is describedoy a setof geo-
metricprimitiveslik e rectanglesellipsesandtriangleswhichnearlyary scenariacanbe
built from. As somedomainsmay requirethree-dimensionahformation,eachprimi-
tive containstwo optional parameterspecifyingtheir beginning and end within the
-plane Robotsaredescribedy theseprimitivesaswell, but within their speci ¢ robot
con guration le. With a world describedby primitives,a simulationof rigid body

Fig. 2. An impactof two objectsin theplane

collisions canbe carriedout. Unfortunatelyat the beginning of the simulatorproject
therewas no opensourcepackagefor this simulationavailable. Thereforewe imple-
mentedcalculationsbasedon "Dynamics”, an old but enlighteningbook from Pestel
andThomson11].
Figure 2 points out the problemof calculatingrigid body collisionsin the plane:
Giventwo objectswith centersof mass , the velocities
, rotations andmasses thatcollidedin , computethe
velocities androtations afterthe collision. For a solution,we
needsix equationgo determinethe six unknovns.By the law of conseration of mo-
mentumalongeachspaceaxiswe get:

@)
)

The angularmomentumof eachbody with respecto the origin is consered. Due to
therestrictionthat the simulationis carriedout in the planethe angularmomentumis
one-dimensionadndbecausé¢herearetwo bodies this resultsin two equations:

®)



(4)
where and denotethe momentof inertia of the two bodies.After Newton's hy-
pothesisthe ratio of the relative velocity in the  direction (if we assumehe impact
isin  direction)beforeandafter the collision equalsa constant , where is the
elasticity (alsoknown asrestitution):

(5)

In orderto getthe sixth formula, we have to make assumptiongboutthe friction be-
tweenthetwo bodiesandthusaboutforcesin thetangentplane.ln thesimulatorsofar,
we usea simple solutionthat interpolateshetweerthe two extremes’stickiness”and
"no friction” , which hasbeenintroducedby JohnHenclel[5]. The shavn calculation
canbegeneralizedor thethreedimensionatasewith little effort.

Onedif culty in simulationis to determinethe exactmomentof collision. Usually
whena collision is detectedhe two objectsinvolved overlapby somedegreedueto
alimited time scaleresolutionof the simulation.Hencethe simulationcalculatesack

time stepswithin the last cycle if a collision occurred.So far, the accurag of the
collision detectiorsuf ces for asimulationin real-timeandupto vetimesfasteiwhen
executedon a Pentium3 600MHz computerWe look forwardto improve the collision
detectionto enableevenfastersimulations.

Anothercrucialcomponenbf robotsimulationis a modelof therobot's dynamics.
Duetotherich setof existingmodelswe decidedo leaveit openfor theuserdo develop
pluginsfor speci c robots.Neverthelessthe simulatorcurrentlyincludesbasicmodels
for robotsequippedwith a differentialor omnidirectionaldrive which will be further
describedn sectior4.

2.2 Communication

Robotscan be controlled by clients connectingvia a TCP/IP soclet to the message
board.This hasthe advantagehatclientscanbe programmedn ary kind of language,
aslong asthey complywith the protocol.Clientsprogrammedn C/C++canbelinked
directly with a provided client library and communicatewith the sener by function
calls.

In the sale of simplicity, the protocolis basedon ASCII stringsthat startwith a
uniguecommandidenti er followed by a list of parametersBesidescommandsama-
nipulatingthe stateof the robottherearealsocommanddgo controlthe simulation,for
exampleto performaresetof the simulationor to receve the currentscoreof thegame.

Dueto the genericplugin architecturethe protocolbetweersener andclient does
notprescribeaformatfor theexchangeof sensodata.Thus,pluginshave to implement
two abstractmethodspnefor readingandonefor writing anarrayof unsignedntegers
respectiely. This array which representshe sensors currentdata,is thentransmitted
togethemwith a uniquesensolidenti er anda timestampfrom the sener to the client.
On the client side, the received array and timestampare written into the appropriate
sensoiplugin.

Sincecomputerclocks are usually running asynchronouslywe hadto integratea
time synchronizatiomechanisnbetweersenerandclient. Thisis doneby exchanging



timestampshetweensener andclient during the connectionphasewhich are usedto
calculatea time offset value. When transmittingsensordatato a client this offsetis
addedo thetimestampof the package.

In contrasto othersimulationsenerswhich broadcasthe stateof theworld within
x edtime cycles[10] clientshave to triggerthe messag®oardfor receving anupdate
of the world. This permitsclientswith individual cycle timesto connectto the simu-
lation. The client frameawork currentlyhandleshe sensomupdatesn a separatehread
with adefaultcycle time of

Thetime durationuntil theworld stateis completelytransmitteddependstrongly
ontheamountof datatheclient's sensopluginsrequestsWe measurean our internal
network for aclientrequesting  beamsof a LaserRangeFinder(LRF) sensordis-
tanceandangleto all lines, poles,andgoalsonthe eld, andodometryinformation,a
durationbetween and

The lateng of the sener, which dependson the numberof simultaneouslycon-
nectedclients, hasbeenmeasuredetween and in the caseof actively
operatingclients.

3 Client architecture
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Figure3 shavsanoverview of theclientarchitectureTheclient consistof a mod-
ule that manageshe communicationwith the sener (Comn), a modulefor parsing
andaccessingnformationfrom therobotcon guration le (Parametes) anda sensor
containerholdingsensoipluginswhich arecreatedoy the plugin factory.

The Parametes moduleparseghe client's robotcon guration le which canthen
be usedfor accessingnformationon the positionof sensoror maximalvelocity set-
tings. On the client side information on the sensorcon guration is usedfor creating
therespectie sensomplugins,for examplethetype of featurethe createdsensomplugin
provides.The le is alsotransmittecto the sener during the serer connectionphase
andusedtherefor the creationof anequivalentrobotobjectin the simulation.

Sensompluginscreatedn the client sideareequalto pluginscreatedon the sener,
but reducedf theability to generatelata.They canbeconsideredsdatabufferswhich
are lled by thecommunicatioormodule.

Asindicatedby thedashednodulesn the gure, onecouldalso Il thecontaineius-
ing threadghatprocessnformationfrom realsensorsThisis particularlyusefulwhen
designinghigh-level algorithmsbasedon the sensorcontainerconceptwhich work on
the generatedeaturesln this casethe algorithmscan easily be evaluatedboth in the
simulationandon realrobots.

The sensomlugins are automaticallygeneratedand insertedinto the sensorcon-
tainerwhich providesfunctionality to searchfor and accessspeci ¢ sensordataob-
jectsby certaincharacteristicswithin the containey sensomlugins are distinguished
by threeidenti ers:

1. Thespeci ¢ modelof the sensorfor exampleDFW500" or LMS200?
2. Thetype of the sensorfor examplecameraor LRF
3. Thenameof the particularfeature for exampleballDistanceor 180DeggreeScan

In orderto address particularplugin,onecanquerythecontainety providing one
or moreof theabove identi ers. This hasthe advantagehatfeaturescanbe addressed
in amoreabstractvay by theirfunctionalityratherthanby aspeci ¢ sensoname.Thus
pluginsthat provide equalfeaturesg.g.distance®Goal from a vision or LRF plugin,
canbeexchangedn the containewithout directconsequencdsr the userprogram.

FurthermoreheclientpackagerovidesanoptionalGUI modulethatcanbeusedto
displayinformationfrom the sensor®r additionalinformationgeneratedby algorithms
onahigherlevel.

4 Plugin Architecture

Thepluginconceptvaschosersinceit offersthehighesidegreeof e xibility andexten-
sibility while maintaininganindependenandstablesimulatorcore. The pluginconcept
evolvedin stageswith theincreasingheedfor a strongemmodularityof certainpartsof
the simulatoruntil reachingthe currentstatewhich, we hope,meetsnostof theexpec-
tationsandrequirementgor the teamsof the F2000league Figure4 shaws the plugin
architecturdor the sensoricandmotionsimulationwhich will bedescribedn thefol-
lowing.

! Firewire camerausedby the University of Freiturg
2 SICK laserrange®nderusedby the RoboCupteamsof Freiburg andStuttgart
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Fig. 4. Sener/clientview of the sensomandmotion plugin concept

SensorPlugins Usually the biggestdiscrepancie®etweenrobotsof differentteams
apartfrom therobotchassisarethe sensoraisedon therobotsandthe datarepresenta-
tion usedby thedataprocessingnodules|ik e differing coordinateframesor a camera
imagedataformatneededy aspeci ¢ color sgmentatioralgorithm.Consequentiyhe
sensoricplay a centralrole within the plugin architectureof the simulator

Althoughsensopluginswerereferredio asoneplugintypein thepreviouschapters
for the sale of simplicity, the sensoiconceptconsistof two separatelugintypes,one
for datageneratiorand onefor datastorage Sensoipluginsaccesghe currentworld
stateof the simulatorto generatedataof ary desiredform. This datais storedwithin
the secondplugin type namedsensordata plugin which is neededfor a transparent
communicatiorbetweensener andclient aswell asfor a databuffering on the client
side.Onefunctionality of the sensomatapluginsis thetransformatiorof their speci ¢
datarepresentatioto the dataformatrequiredby the communicatiormoduleandvice
versa.Thereforea sensordata plugin hasto implementthe abstracimethodsgetData
andsetDatathatreturnor take an arrayof unsignedntegers, representinghe current
dataof the sensor

On anupdaterequesfrom the client, sensordata plugin objectson the sener side
are lled bythesensorplugins transformedo thedatatransmissioriormat,transferred
to theclientandre-transformedo the original dataformatby the correspondingensor



data plugin objectson the client side. This enableshe replicationof the sensordata
from thesenerontheclientsideandtherebyyieldsasener/clienttranspareng
Onemajor advantageof this conceptis that sensordataprocessingcan either be
doneontheclientor onthe sener sideasboth sharethe sameview on the sensodata.
This canbe extremelyusefulwhentheamountof datagrowstoolargeto transmitit to a
clientin areasonablemountof timelike e.g.arenderechighresolutioncameramage.
To build anew sensomplugin basicallyonemethodgenerlateData()hasto beimple-
mentedby the developer Within this methodthe positionof the sensoiitself aswell as
informationaboutall otherobjectsconcerningposition,color andgeometricshapeare
accessibléy theframavork within anabsolutecoordinatérame. Thisinformationcan
thenbeusedto createthe dataasusuallyprovided by the real sensorOptionally there
areauxiliary functionsfor simulatingsensomoiseor for two dimensionatay tracing.

CY (b)
Fig. 5. Two screenshotfrom the plugin for generatingarti®cial cameramages:(a) an omnidi-
rectionalview asseenby a perfectwarp free omnidirectionalcamerausingan isometricmirror
shapeasproposedy [9]. (b) acorventionalcameragoerspectie.

Until now thereexist several sensoipluginsfor differentkinds of sensordasedn
thesensorequipmentusedby theteamsof Freiburg andStuttgart:

— odometry sensorproviding the currenttranslationabindrotationalvelocitiesanda
positionwithin theodometrycoordinatdrame.Optionallyit maysupplyadditional
datafrom the motionpluginswhich will bedescribedn thefollowing section.

— camerafor iconic data of ball, goalandcornerpostsconsideringa limited eld of
view anda maximalview distance.

— iconic omnivision cameradetectingeld linesandgoals,cornerpostsandtheball
ina eld of view

— laserrange nder providing eitherraw distancedataobtainedby ray tracing or
iconicinformationaboutobstacle@ndanabsolutepositionwithin the eld

— ultrasonic sensordetectingthe nearesobstaclewithin the openingangleof the
sensor

— cameraimage by 3D scenereconstruction deliversa 3D renderedview of the
scenasseereitherby acommonlyused?D camereor a perfectomnivision sensor
usingawarpfreeisometricmirror shapeasshowvn in Figure5.



Motion Plugins Theintegrationof differentkinematicsand controllertypesis facil-
itated by a further plugin type of the architecturenamedmotion plugin. Within the
simulatora robot's motionis representetly a changeof its pose within acer
taininterval of time. This changeof pose(relocation)of therobotis requestedrom the
motion plugin within eachupdatecycle of the simulationto updatethe robot's posein
theernvironment.

For the physicssimulationthe motion plugins must provide further information
aboutits currentvelocity vectorandtherotationalspeedwvhich is neededor the colli-
sioncalculation.

To setmotion commandsnotion pluginscaneitherbe addressedtby a setof stan-
dardcommandssuchas setRotational®locity or setTanslational\élocity, or by a -
dimensionalvector The latter allows to addressnore complex motion models,asfor
exampleimplementedy the omni-directionalmotion plugin whichis currentlydevel-
opedat the Universityof Dortmund.

Sincea motion modelmay requireto senddataaboutits internalstatebackto the
clientthe motion plugin interfaceprovidesonefurther methodto retrieve motion data
thatis automaticallyinvokedby thedefault odometrysensoiplugin of thesenerwhich
makesthedataavailableon the client sideaswell.

Currently there are threedifferentmotion plugins available. One modelis based
on a neuralnetwork that basically predictsthe robot's state at de-
pendingon the previous stateand velocity settings at andwastrained
for Freilurg's Pioneerardwarebase A smallapplicationis alsoavailableto train the
modelfor otherrobotbasedy alog le recordedon the realrobotwhile performing
representatie motions.A similar methodhasalsobeenusedfor statepredictionby the
Agilo RoboCupper§3,2].

A secondmodelis a mathematicakalculationof a two wheel differential drive
basedon a a linear acceleratiorassumptiorand parametetunedto realistically map
the behaiior of the NomadicScouthardwarebaseof the StuttgartCoPsteam.A third
implementatiorfor a holonomicthreewheelrobotbasewasdevelopedby the Univer-
sity of Dortmund.

Player Plugins After variousexperimentsaandapplicationof thesimulationsener, we
foundit a usefulfeatureto facilitatetheimplementatiorof simplerobotbehaiors that
runwithin the simulatorwithoutthe overheaf aremoteconnectedlient. Thisturned
out to be usefulto simulateopponentplayerslike e.g. goalkeepersor for gathering
simulatedrobot sensordatato createan ervironmentmap which e.g. wasusedfor a
Monte CarlolocalizationapproachFor this kind of applicationthe framework offersa
third typeof socalledplayerpluginswhichis shovnin gure 6.
Eachplayerplugin controlsonerobot which is createdbasedon its con guration
le thatis speci ed within the plugin. Its core functionality is implementedwithin a
methodsenseAndAdhatretrievessensoinformationfrom the sensodatapluginsand
determineganactionwhich usuallyis acommando the motion plugin or a triggering
of its robot manipulators Alternatively a player plugin canaccesghe world stateof
the simulatordirectly andmanipulatat if neededThis may eitherbe usefulwhenim-
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plementinga perfectplayerbehaior without limitations by its sensor®r whencertain
ervironmentsituationsshallbe createdarti cially .

Eachplayerpluginis identi ed at the startof the sener andselectableoy a menu
entrywithin the graphicaluserinterfaceof thesener. Playerpluginscanbe startedand
stoppedby the GUI but canalsoterminateby themseleswhentheir taskis accom-
plished.Theplayercontrolmodulesupervisesll active playerpluginsandits assigned
robots.If eitherof themterminater is deletedt assuresheremoval of its counterpart
from the simulator

To modelcoordinatedr cooperatie groupbehaiors of differentplayerpluginsthe
simulatorprovidesa commoncommunicatiorchannelfor messagdroadcastamong
playerplugins.Eachplayercanthusbroadcastndreceive message§om otherplayer
pluginsto synchronizegroupactions.

Currentlytherearetwo playerplugintypes.A goalkeeperplugin which canberun
with differentmodesof varying dif culty intendedfor Al benchmarksand a plugin
to learn sensordatamodelsfor a Monte Carlo localization approachwhich will be
describedn thefollowing chapter

5 Applications

5.1 A benchmark for Multiagent Learning

Theproposedarchitecture&eomeswith two crucialadvantageshatmakesit valuablefor
robotlearning:Firstly, customizedsensomndmotion pluginsallow for differentkinds
of robotsto beusedwithin thesamdearningervironment.Secondlytheusageof player
pluginson the sener offers a modularway of designingand distributing benchmark
taskswhile keepingthe samesetup.

Within the simulatorframawork, algorithmscanbe designedor learningon either
theclientor senerside.In bothcasesthealgorithm'sinputis takenfrom a sensodata
containerandthe outputis a commandto a motion plugin. Due to the abstractinter-
facedt is possiblethatanalgorithmcanbe appliedto differentrobottypes.As already
discussedn section3, sensorareaddressablby their speci ¢ model,their typeor the
nameof afeaturethey provide.By addressinghefeaturedirectly, e.g.DistancedGoal,
thealgorithmcanbe executedyegardlessy which sensothe datawasproducedNote



that this works for pluginsthat provide featureswith equalidenti ers and equaldata
format.

Anotherimportantissueis the evaluationof learningalgorithms.Generally this
turnsout to be hardin the context of autonomousobots,wherefrequentlyoccurring
changeén theernvironmentmalkeit nearlyimpossiblgo nd thesameestingconditions
twice.

Hencewe introducedhe playerpluginsfor implementinguniquebenchmarlsitua-
tions.Oneplugin,whichis includedin thesimulatorpackageimplementghecontrolof
agoalkeeperandcanbe startedwith differentpolicies.The plugin canbe usedto eval-
uatethe performanceof an opponent(or a team),that learnspoliciesto scoreagainst
the defendinggoalkeeperthat was startedat a speci c level of skill. The goalkeeper
plugin canbe startedwith the policiesnot moving, randomlymoving, moving by a pat-
tern, blocking the ball, interceptingthe ball andmixedpolicy. The benchmarkhasre-
centlybeenintroducedvithin theRoboCupSpecialnteresiGroup(SIG) on Multiagent
Learning.

Our own experiencesvith learninga complex controltaskhave shavn thatbeha-
iors learnedin the simulationcanbe executedsuccessfullyon a realrobotaswell [7].
Eventricky tasks suchasdribblingandapproachingheball, weremanageavell by the
pre-trainedobotsthathave beertrainedwithin gamesagainshand-codedpponent®r
againsthemseles.Also theteamfrom the University of Stuttgartusesthe simulation
for learningskills.

5.2 Plugin basedlocalization

In this sectionwe give an examplethatdemonstratehow the plugin approachcanbe
extendedtowards hardware independentmplementationf robot localizationalgo-
rithms. We extendedthe sensomplugin interfacefor the utilization of the well known
Monte CarloLocalizationmethod(MCL)[13].

Thekey ideabehindMarkov localizationis to maintaina belief of thecur
rentrobotpose . The beliefis updatedoy successiely integratingsensoreadings
andactions executedby therobot:

(6)

Underthe assumptiorof independencéetweerthe sensoreadingsandexecutedac-
tions,thebelief canbe updatedor sensoreadingsy

(7
where denotesa normalizationconstantand the perceptuamodel,andfor
executedactionsby

8
where denotegherobot's motionmodel.

MCL improvesMarkov localizationby a moreef cient representationf the belief
. Insteadof maintaininga belieffor all posespnly a setof weightedsampless



updatedby equation7 and8. Sincethe methodhasbeenwell documentedy several
otherresearcher§l 3,4], we will not discussit in detail ary further here.Instead,we
will focusonthe perceptuamodelandits integrationto the sensorcontainer

To implementMCL, onealsoneedgo know the perceptionaimodel .Inthe
caseof containers, isavectorof featureswhereeachfeatureis storedby apluginin
the containerlf we assumendependencamongthe featureswith respecto the pose,
theperceptuamodelcanbe calculatedhy

We extendedthe abstractinterfaceof the sensordataplugins by the two methods
learnProbability( ) and getProbability( ). Thesemethodsare supposedor learning
the sensorsobsenation and accessinghe perceptualmodel for the pose respec-
tively. It is de ned thatin casethe sensorhasan expectationfor the queriedpose,
getProbability( ) returnsa numberbetween and and  otherwise.Thereexists
alsoaninterfacegetProbability( ) thatallows to weighta sampleset according
to the currentsensoreadingat pose . Note thatit is assumedhat therewas either
a call of genemateDataor setDatabeforehando assurghatthe latestobsenationsare
availableinsidethe plugin. Theinterfaceleavesopenhow the perceptuamodelhasto

(@) (b)
Fig. 7. Calculatingperceptuaimodels:(a) the robots expectationof the featuresLRF Beam
PoleDistance PoleAngle GoalDistanceand GoalAngle(b) the mixed perceptuaimodel of the
featuregdistanceandangleto the blueandyellow goal.Darker regionsindicatesa higherproba-
bility of therobot's position.Sensonoiseis modelecby aGaussiamlistribution with
and for distancesandanglesrespectiely.

be representediVe useda commonrepresentatiothat separatethe perceptuamodel
in two tables,onefor the expectationof eachposeand one for the sensormodelit-
self[13]. In this caseit is assumedhatlearnProbability is calledwith noisefree data,
sincethe datais storedin the table of expectationsThe secondableis pre-calculated



from a Gaussiardistribution that re ects the sensorsnoise. The return value of get-
Probability is thensimply calculatecby a nestedookup of the two tables.Figure7(a)
shaws the expectationof the featuresLRF Beam PoleDistance PoleAngle GoalDis-
tance GoalAngle and7(b) the mixed perceptuamodelof the latter two for the blue
andyellow goal.

The perceptuaimodel can be learnedat oncefor all featuresby a specialplayer
plugin in the simulator The plugin basicallymaovesthe robotto all poseson the eld
and executesgenemateDataand learnProbability for all Markov pluginsfoundin the
container

During localization,the MCL implementatiorexecutesgetProbability on the con-
tainerfor weightingthe samplesetrepresentinghe currentbelief. We are planningto
develop a similar interfacefor the motion plugins. By this, the localizationalgorithm
canbedesigneccompletelyindependentf therobot's hardware.

6 Summary and outlook

In this paperwe presentedy modularand extendiblemulti-robot simulationenviron-
mentfor the F2000leaguethatis suitablefor simulatingsensorsrobot control tasks
andcooperatie teamplay. An openplugin architecturenasbeenintroducedthat per
mits teamgo designtheir own robotmodelsregardingsensoicon gurationandmotion
control.With agrowing communityof teamsausingthis simulatorevenfull testmatches
can be held on a regular basiswithout physical presenceof the teams.Furthermore
we shaved exemplarily, how the simulatorframevork canbe utilized for Multiagent
learning.

Pastexperiencesdn roboticshave shovn that besidesa goodideafor e.g.a new
localizationor featureextractionalgorithmthe concreteémplementatiorplaysan even
moreimportantrole. Unfortunately thereareonly a few implementationgreely avail-
ableandthosearein turn tailoredfor particularhardwareor datastructures.

One of the key motivation of our work is to fosterthe exchangeof software for
autonomousobots.The proposedsimulatorarchitecturemakesclearhow this canbe
achievedin the caseof arobot simulation.Even morebene cial, however, canbethe
exchangeof softwarecomponent®f realrobots.For accomplishinghis goal,onehas
tointroducealevel of abstractiorandto de ne standardizedhethoddor accessinghis
level.

We believethatthe concepof sensocontainerprovidesagoodlevel of abstraction
onrealrobotsystemsiueto thefollowing reasons:

— In thesameway, astheproposedensopluginsgeneratalatainsidethesimulation,
therecanalsobe sensompluginsrunningon arobotthatgeneratdeaturedatafrom
realsensorsRoboCupeamsausingthesamekind of sensorgouldtheneasilyshare
thosecomponents.

— As demonstratetly the MCL implementationin section5.2,theabstracinterface
of the plugins can be extendedfor localizationalgorithms.The example shavs
generallyhow algorithmscanbedesignedhatoperateon genericcontainersather
thanon speci ¢ implementationgor sensordataprocessingAlgorithmsthatare



basedon genericcontainerscan easily be sharedamongteamsthat usethe same
abstracinterface.

— Theconceptallows to introducevirtual sensor’pluginsthatimplementthe com-
municationof high-level featuresamongdifferentteams.

TheGermarresearciprojectSPP1152-RoboCup concernedvith certainaspects
regarding software architecture systemintegration and learning.One aim is to nd
a commondescriptionfor sensortypesand propertiesaswell asrobot geometryand
physics.We will adaptandcontribute our approacho the projectandlook forwardto
getonestepcloserto the goal of a commondescriptionof robotsand more ef cient
softwaredevelopmenin the RoboCupdomain.
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