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ConferenceInf ormation

Thetechnicalsessions(8:15am-5pm)will occurin theKirschAuditorium,Room32-123.

Thepostersessions(7pm-10pm)will occurin theR&D CommonAreaon thefourth �oor .
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Registration

TheConferenceDeskwill bewill bestaffedfor registrationandinformationservicesonthe�rst �oor lobby
of theRayandMariaStataCenter(building 32)on thefollowing schedule:

� Wednesday, June8 8:00AM to 5:00PM
� Thursday, June9 8:00AM to 5:00PM
� Friday, June10 8:00AM to 4:00PM

Duringthesehours,thefollowing numberis availablefor incomingmessages:617-324-5544.Uponreceipt,
messageswill be postedon the messageboard,which will be locatednearthe ConferenceDesk. If the
messageis of anurgentnature,everyeffort will bemadeto bring it to yourattentionimmediately.

Lunch and Dinner Breaks

Lunchhasbeenscheduleddaily fromroughly12:00to1:30PM,anddinnerfrom5pmto7pmonWednesday,
June8thandThursday, June9th. A list of somelocalareadiningvenueswill beavailablein yourregistration
packet, includingmany cafeterias,cafes,restaurantsandfood truckswithin andaroundtheMIT campus.

PosterReceptions

Postersessions/receptionswill beheldin theRayandMariaStataCenterin thefourth �oor R&D Common
Areaon Wednesdayfrom 7:00to 10:00PM andon Thursdayfrom 7:00to 10:00PM. Light horsd'oeuvres
andacashbarwill beoffered.

PosterPresenters

If youarepresentingaposter, pleasemakesuretheposteris readyby thetime thepostersessionstarts.The
posterboardswill beavailablein theR&D CommonAreafor mountingpostersafter12 noonon eachday.
We will provide pushpins for mountingposters.Pleasedo not useany othermaterialfor mountingyour
poster(e.g.,adhesiveor tape).Pleasetakedown yourposterat theendof theeveningif youwish to keepit.
If you arepresentinga spotlight,your two Powerpointslideswill bepre-loadedon our conferencelaptop.
We will unableto switchlaptopsin this session—no exceptions. ThespotlightCzaris WolframBurgard. If
you failedto sendyour slidesto theconferenceorganizersby June1 but would still like to present,please
seetheregistrationdeskASAP.

Banquet

On Friday, 10 June,therewill bea conferencebanquetat theJohnF. KennedyLibrary andMuseum.The
banquetis includedin theregistrationfee:yourbadgeis yourbanquetticket,sopleaseensurethatyouhave
your badgewhenboardingthe bus. Additional guestsmusthave their guestticket that accompaniedthe
attendee's registration.

If you requesteda vegetarianmeal,a ticket will beput in thebackof your badge.Pleasepresentit to the
wait staff at thedinner.

Transportationto thebanquetwill beprovided,andbuseswill departfrom theStataCenterentranceclosest
to thecornerof VassarandMain Streetsat 5:15PM. At theendof theeveningbuseswill departfrom the
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JFK anddrop off at the Holiday Inn Select,Hotel Kendall,AmherstStreet(for thosestayingon campus)
andat theStataCenter.

Pleasenote:In thestateof Massachusetts,youmustbe21yearsof ageor olderto legally consumealcohol,
andproperidenti�cation is required.

Dri ving: If you aredriving from MIT to thebanquet,take theLongfellow Bridgeto Storrow Drive. Take
Storrow Drive eastto the I-93S. Take Exit 15, follow signsto the University of MassachusettsandJFK
Library.

Wearepleasedto announcethattheConferenceBanquetis co-sponsoredby MicrosoftResearch.

Wir elessInstructions

Therearetwo wirelessnetworksavailablein theStataCenter, ESSIDStataCenter andMIT. TheMIT
network requiresgueststo registerthemselves,andtakes10minutesfor their registrationto becomeactive,
but is campus-wide.TheStataCenternetwork providesconnectivity moreor lessinstantly, but is localized
to theStataCenterbuilding. Thekiosksin the lobby of theStataCenterarereservedfor MIT studentuse.

FreeInternetaccessis, however, availablein theMIT libraries.

Dormitory Check-In

Conferenceparticipantswho areregisteredfor accommodationin on-campushousingshouldpick up their
roomkeys at their assigneddormitory. If you have any questionsaboutMIT housingassignments,please
seethestaff at theConferenceDesk.

Parking

Thereis noconferenceparkingavailableon theMIT campus.Publicparkingis availablein thegaragenext
to theCambridgeMarriott Hotelat4 CambridgeCenter, on thecornerof AmesStreetandBroadwayandin
thegaragelocatednext to theUniversityParkhoteloff of MassachusettsAvenueon20Sidney Street.There
is alsoasmallpublic lot on thecornerof VassarStreetandMassachusettsAvenue.Ratesareapproximately
$20.00perday.

Public Transportation

Therearea numberof trainsandbuses,which provide public transportationto theCambridge/Bostonarea.
TheNo. 1 busstopsat MIT' s mainentrance(77 MassachusettsAvenue),andprovidesserviceto Harvard
Squareanddowntown Boston. The CT1 bus departsfrom CentralSquareandalsostopsat MITs main
entrance.The CT2 bus departsfrom KendallSquareandstopsat the cornerof VassarandMassachusetts
Avenue. Bus fare is $0.90eachway, andexact changeis required. The MBTA RedLine providestrain
serviceto theMIT areavia stopsat CentralSquare(on MassachusettsAvenue)andKendall/MIT (on Main
Street).Both stopsareapproximatelya 10-minutewalk to theconferencesite. Subway fareis $1.25each
way, andtokensmay be purchasedat mostsubway stations. Most public transportationsystemsrun be-
tweenthehoursof 6:00AM and12:30AM. You may�nd out moreinformation,includinginformationon
purchasingavisitor pass,at theMBTA website: http://www.mbta.com

5



Taxis

Taxisareavailableduringthedayat 77 MassachusettsAvenue(MIT' s mainentrance)or in KendallSquare
outsidetheMarriott Hotel. You mayalsocall AmbassadorBrattleCab,a 24-hourtaxi service,by dialing
3-2301from any campustelephone.

Medical Services

If youneedurgentmedicalassistancewhile on campus,dial 100from any campustelephone,andyourcall
will be answeredby MIT' s CampusPoliceat any time of the day or night. MIT' s Medical Department
is locatedin Building E23 on CarletonStreet;the telephonenumberof their Emergency CareSectionis
253-1311.MIT Medicalis notavailablefor routinecare.

SmokingPolicy

In accordancewith the City of Cambridge's smokingordinance,smokingis prohibitedin all academic,
administrativeandservicebuildingsoncampus.

The organizersof Robotics:Scienceand Systemsgratefully acknowledgethe sponsorshipof Microsoft
Researchandtheassistanceof StewartTansley of theUniversityRelationsGroupatMicrosoftResearch.
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TECHNICAL PROGRAM AT-A-GLANCE
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TechnicalProgram At-A-Glance
Wednesday, June8th

8:15-8:30 OpeningRemarks

8:30-9:20 Invited talk: Biological Inspiration in theDesignof LeggedRobotics,Arti�cial Muscles
andFeetby BobFull, Universityof CaliforniaatBerkeley

9:40-11:10 TechnicalSession

11:10-12:00 Invited talk: LearningTo Usea Bodyby Geoff Hinton,Universityof Toronto

1:30-2:20 Invited talk: ComputerVision: Redoingit as a Gigantic Search Problemby Takeo
Kanade,CarnegieMellon University

2:20-3:25 TechnicalSession

3:45-4:50 TechnicalSession

7:00-10:00 PosterSessionI

Thursday, June9th
8:30-9:20 Invited talk: MultimodalSensorFusionin ManandMachineby HeinrichBülthoff, MPI

for BiologicalCybernetics

9:40-11:10 TechnicalSession

11:10-12:00 Invited talk: ConnectingBrain andHumanoidsby ComputationalNeuroscienceby Mit-
suoKawato,ATR

1:30-2:20 Invited talk: ProgrammingWork by DanKoditschek,Universityof Pennsylvania

2:20-3:25 TechnicalSession

3:45-4:50 TechnicalSession

7:00-10:00 PosterSessionII

Friday, June10th
8:30-9:20 Invited talk: SurgerySimulationWith Geometric,Physical,andPhysiological Modelsby

NicholasAyache,INRIA

9:20-10:10 TechnicalSession

10:30-11:20 Invited talk: Creatinga DNA World by Erik Winfree,CaliforniaInstituteof Technology

11:20-12:10 TechnicalSession

1:30-2:20 Invited talk: Socially InteractiveRobotsThat Assist,Entertain,and Learn by Cynthia
Breazeal,MIT

2:20-3:10 TechnicalSession

3:30-4:20 TechnicalSession

4:30-5:00 Opensessionfor conferenceplanning and feedback

7:00-10:00 ConferenceBanquet
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DETAILED TECHNICAL PROGRAM
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TechnicalSessions:Wednesday, June8th, AM
Kirsch Auditorium, StataCenter (32-123)

8:15-8:30 OpeningRemarks
SebastianThrun

8:30-9:20 Invited talk: Biological Inspiration in theDesignof LeggedRobotics,Arti�cial Muscles
andFeet
BobFull, Universityof CaliforniaatBerkeley
SessionChair: KenGoldberg

9:20-9:40 Break

9:40-11:10 P01: InteractingMarkov RandomFieldsfor SimultaneousTerrain ModelingandObstacle
Detection(seepage25)
CarlWellington,AaronCourville,Tony Stentz

P02: ActiveLearningfor OutdoorObstacleDetection(seepage25)
CristianDima,Martial Hebert

P03: DynamicMapsfor Long-TermOperationof MobileServiceRobots(seepage26)
PeterBiber, TomDuckett

SessionChair: JohnLeonard

PosterSpotlights

P08: VisuallyNavigatingtheRMSTitanic with SLAMInformationFilters
RyanEustice,HanumantSingh,JohnLeonard,Matthew Walter, RobertBal-
lard
P09: InformationGain-basedExploration UsingRao-BlackwellizedParticle
Filters
Cyrill Stachniss,Giorgio Grisetti,WolframBurgard
P10: PerformanceBoundsfor Cooperative SimultaneousLocalizationand
Mapping(C-SLAM)
AnastasiosMourikis, StergiosRoumeliotis
P11: Ef�cient ExplorationWith LatentStructure
Bethany Lef�er , MichaelLittman,AlexanderStrehl,ThomasWalsh
P12: Curvesof StationaryAcceleration
JonSelig

11:10-12:00 Invited talk: LearningTo Usea Body
Geoff Hinton,Universityof Toronto
SessionChair: MichaelLittman

12:00-1:30 Lunch
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TechnicalSessions:Wednesday, June8th, PM
Kirsch Auditorium, StataCenter (32-123)

1:30-2:20 Invited talk: ComputerVision: Redoingit asa GiganticSearch Problem
TakeoKanade,CarnegieMellon University
SessionChair: Vijay Kumar

2:20-3:25 P04: Star-shapedRoadmaps- A DeterministicSamplingApproach for CompleteMotion
Planning(seepage26)
GokulVaradhan,DineshManocha

P05: CompletePath Planning for Planar ClosedChains amongPoint Obstacles(see
page27)
GuanfengLiu, Jeff Trinkle

SessionChair: LydiaKavraki

PosterSpotlights
P13: A polynomial-timealgorithm to designpushplansfor sensorlessparts
sorting
Mark deBerg, Xavier Goaoc,FrankvanderStappen
P14: Ef�cient MotionPlanningBasedonDisassembly
YuandongYang,OliverBrock
P15: Toward OptimalCon�gurationSpaceSampling
BrendanBurns,OliverBrock
P16: Natural Gait Generation Techniquesfor Principally KinematicMechan-
ical Systems
Elie Shammas,Howie Choset,Alfred Rizzi
P17: A Two-Point Boundary-ValueApproach for PlanningManipulationTasks
PengSong,Vijay Kumar, Jong-ShiPang

3:25-3:45 Break
3:45-4:50 P06: Vision-basedDistributed Coordination and Flocking of Multiagent Systems(see

page27)
NimaMoshtagh,Ali Jadbabaie,KostasDaniilidis

P07: FormationStabilizationof Multiple AgentsUsingDecentralizedNavigationFunctions
(seepage28)
HerbertTanner, Amit Kumar

SessionChair: Gaurav Sukhatme

PosterSpotlights
P18: DynamicTaskAllocationin RobotSwarms
JamesMcLurkin, DanielYamins
P19: MicroroboticStreakSeedingFor ProteinCrystalGrowth
AtanasGeorgiev, PeterAllen, Ting Song,Andrew Laine, William Edstrom,
JohnHunt
P20: SingleActuatorControl of a 3DOFHoppingRobot
CherouvimNicholas,PapadopoulosEvangelos
P21: ModelingComplex ContactsInvolving DeformableObjectsfor Haptic
andGraphicRendering
Qi Luo, JingXiao
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PosterSessionI: Wednesday, June8th
R&D CommonAr ea,Fourth �oor , StataCenter

7:00-10:00 P08: VisuallyNavigatingtheRMSTitanic with SLAMInformationFilters (seepage28)
RyanEustice,HanumantSingh,JohnLeonard,Matthew Walter, RobertBallard

P09: InformationGain-basedExploration Using Rao-BlackwellizedParticle Filters (see
page29)
Cyrill Stachniss,Giorgio Grisetti,WolframBurgard

P10: PerformanceBoundsfor Cooperative SimultaneousLocalizationand Mapping(C-
SLAM)(seepage29)
AnastasiosMourikis, StergiosRoumeliotis

P11: Ef�cient ExplorationWith LatentStructure (seepage30)
Bethany Lef�er , MichaelLittman,AlexanderStrehl,ThomasWalsh

P12: Curvesof StationaryAcceleration (seepage30)
JonSelig

P13: A polynomial-timealgorithm to designpushplansfor sensorlessparts sorting (see
page31)
Mark deBerg, Xavier Goaoc,FrankvanderStappen

P14: Ef�cient MotionPlanningBasedonDisassembly(seepage31)
YuandongYang,OliverBrock

P15: Toward OptimalCon�gurationSpaceSampling(seepage32)
BrendanBurns,OliverBrock

P16: Natural Gait Generation Techniquesfor Principally KinematicMechanicalSystems
(seepage32)
Elie Shammas,Howie Choset,Alfred Rizzi

P17: A Two-Point Boundary-Value Approach for Planning Manipulation Tasks (see
page33)
PengSong,Vijay Kumar, Jong-ShiPang

P18: DynamicTaskAllocationin RobotSwarms(seepage33)
JamesMcLurkin, DanielYamins

P19: MicroroboticStreakSeedingFor ProteinCrystalGrowth(seepage34)
AtanasGeorgiev, PeterAllen, Ting Song,Andrew Laine,William Edstrom,JohnHunt

P20: SingleActuatorControl of a 3DOFHoppingRobot(seepage34)
CherouvimNicholas,PapadopoulosEvangelos

P21: ModelingComplex ContactsInvolvingDeformableObjectsfor Haptic and Graphic
Rendering(seepage35)
Qi Luo, JingXiao
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TechnicalSessions:Thursday, June9th, AM
Kirsch Auditorium, StataCenter (32-123)

8:30-9:20 Invited talk: MultimodalSensorFusionin ManandMachine
HeinrichBülthoff, MPI for BiologicalCybernetics
SessionChair: Martin Buehler

9:20-9:40 Break

9:40-11:10 P22: ThreeDimensionalStochasticRecon�gurationof ModularRobots(seepage35)
PaulWhite,Victor Zykov, JoshBongard,HodLipson

P23: OnCorrelatingSonarImages(seepage36)
RichardRikoski,JamesCobb,DanielBrown

P24: SquareRootSAM(seepage36)
FrankDellaert

SessionChair: BenKuipers

PosterSpotlights

P29: RobotPlanningin Partially ObservableContinuousDomains
JosepPorta,MatthijsSpaan,NikosVlassis
P30: PathPlanningfor DeformableRobotsin Complex Environments
RussellGayle,William Segars,Ming Lin andDineshManocha
P31: MotionPlanningin thePresenceof Drift, UnderactuationandDiscrete
SystemChanges
Andrew Ladd,LydiaKavraki
P32: BioCD : ef�cient self-collisionanddistancecomputationin highly ar-
ticulatedmolecularmodels
VicenteRuizdeAngulo,JuanCortes,ThierrySimeon
P33: An RRT-BasedAlgorithmfor TestingandValidating Multi-RobotCon-
trollers
JongwooKim, JoelEsposito,Vijay Kumar

11:10-12:00 Invited talk: ConnectingBrain andHumanoidsbyComputationalNeuroscience
MitsuoKawato,ATR
SessionChair: SebastianThrun

12:00-1:30 Lunch
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TechnicalSessions:Thursday, June9th, PM
Kirsch Auditorium, StataCenter (32-123)

1:30-2:20 Invited talk: ProgrammingWork
DanKoditschek,Universityof Pennsylvania
SessionChair: Al Rizzi

2:20-3:25 P25: Topological Mappingwith Multiple VisualManifolds(seepage37)
Greg Grudic,JaneMulligan

P26: ScalingHard Vertical Surfaceswith CompliantMicrospineArrays(seepage37)
Alan Asbeck,SangbaeKim, William R. Provancher, MicheleLanzetta,M.R. Cutkosky

SessionChair: Nick Roy

PosterSpotlights

P34: RoadmapBasedPursuit-EvasionandCollisionAvoidance
VolkanIsler, DengfengSunandShankarSastry
P35: Single-ClusterSpectral GraphPartitioning for RoboticsApplications
EdwinOlson,Matthew Walter, SethTeller, JohnLeonard
P36: AdaptiveRoadFollowing usingSelf-SupervisedLearningand Reverse
OpticalFlow
David Lieb, Andrew Lookingbill, SebastianThrun
P37: Optimal SensingStrategies for Mobile RobotFormations: Resource-
ConstrainedLocalization
AnastasiosMourikis, StergiosRoumeliotis
P38: DiscriminativeTrainingof KalmanFilters
PieterAbbeel, Adam Coates,Michael Montemerlo,Andrew Ng, Sebastian
Thrun

3:25-3:45 Break

3:45-4:50 P27: Multi-robot SimultaneousLocalizationand MappingusingAcausalParticle Filters
(seepage38)
Andrew Howard

P28: DatadrivenMCMCfor Appearance-basedTopological Mapping(seepage38)
AnanthRanganathan,FrankDellaert

SessionChair: SvenKoenig

PosterSpotlights

P39: TimeComplexity of Con�ict-FreeVehicleRouting
VikrantSharma,Emilio Frazzoli,PetrosVoulgaris
P40: TheStabilityof PointmassHoppers with Varying Morphology andMini-
malFeedback
JustinSeipel
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PosterSessionII: Thursday, June9th
R&D CommonAr ea,Fourth �oor , StataCenter

7:00-10:00 P29: RobotPlanningin Partially ObservableContinuousDomains(seepage39)
JosepPorta,MatthijsSpaan,NikosVlassis

P30: PathPlanningfor DeformableRobotsin Complex Environments(seepage39)
RussellGayle,William Segars,Ming Lin andDineshManocha

P31: Motion Planning in the Presenceof Drift, Underactuation and Discrete System
Changes(seepage40)
Andrew Ladd,LydiaKavraki

P32: BioCD: ef�cient self-collisionanddistancecomputationin highlyarticulatedmolec-
ular models(seepage40)
VicenteRuizdeAngulo,JuanCortes,ThierrySimeon

P33: An RRT-BasedAlgorithm for Testingand Validating Multi-Robot Controllers (see
page41)
JongwooKim, JoelEsposito,Vijay Kumar

P34: RoadmapBasedPursuit-EvasionandCollisionAvoidance(seepage41)
VolkanIsler, DengfengSunandShankarSastry

P35: Single-ClusterSpectral GraphPartitioning for RoboticsApplications(seepage42)
EdwinOlson,Matthew Walter, SethTeller, JohnLeonard

P36: AdaptiveRoadFollowing usingSelf-SupervisedLearningandReverseOptical Flow
(seepage42)
David Lieb, Andrew Lookingbill, SebastianThrun

P37: OptimalSensingStrategiesfor Mobile RobotFormations:Resource-ConstrainedLo-
calization(seepage43)
AnastasiosMourikis, StergiosRoumeliotis

P38: DiscriminativeTrainingof KalmanFilters (seepage43)
PieterAbbeel,AdamCoates,MichaelMontemerlo,Andrew Ng, SebastianThrun

P39: TimeComplexity of Con�ict-FreeVehicleRouting(seepage44)
VikrantSharma,Emilio Frazzoli,PetrosVoulgaris

P40: TheStabilityof PointmassHoppers with VaryingMorphology andMinimal Feedback
(seepage44)
JustinSeipel

P41: Optimaldesignof robots(seepage45)
Jean-PierreMerlet
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TechnicalProgram: Friday, June10th, AM
Kirsch Auditorium, StataCenter (32-123)

8:30-9:20 Invited talk: SurgerySimulationWith Geometric,Physical,andPhysiological Models
NicholasAyache,INRIA
SessionChair: JohnHollerbach

9:20-10:10 P42: Biologically InspiredMiniatureWaterStriderRobot(seepage45)
SteveH. Suhr, SangJunLee,YunSeongSong,Metin Sitti

P43: Micro andNanoroboticAssemblyUsingDielectrophoresis(seepage46)
ArunkumarSubramanian,BarmeshwarVikramaditya,Lixin Dong,Dominik Bell, Bradley
J.Nelson

SessionChair: OliverBrock

10:10-10:30 Break

10:30-11:20 Invited talk: Creatinga DNA World
Erik Winfree,CaliforniaInstituteof Technology
SessionChair: DanielaRus

11:20-12:10 P44: Blind Swarmsfor Coverage in 2-D (seepage46)
RobertGhrist,Vin deSilva,AbubakrMuhammad

P45: Auction-BasedMulti-RobotRouting(seepage47)
Michail Lagoudakis,VangelisMarkakis,David Kempe,PinarKeskinocak,SvenKoenig,
AntonKleywegt, CraigTovey, AdamMeyerson,SonalJain

SessionChair: StefanSchaal

12:10-1:30 Lunch
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TechnicalProgram: Friday, June10th, PM
Kirsch Auditorium, StataCenter (32-123)

1:30-2:20 Invited talk: SociallyInteractiveRobotsThatAssist,Entertain,andLearn
CynthiaBreazeal,MIT
SessionChair: OliverBrock

2:20-3:10 P46: Shape, Motion, and ParameterEstimationof Flexible SpaceStructuresusingLaser
Range�nders (seepage47)
Matthew Lichter, StevenDubowsky, HiroshiUeno,Shinji Mitani

P47: Model-BasedError Correction for Flexible Robotic Surgical Instruments(see
page48)
RyanBeasley, RobertHowe

SessionChair: Jeff Trinkle

3:10-3:30 Break

3:30-4:20 P48: DataStructure for Real-TimeProcessingin 3-D (seepage48)
Jean-FrancoisLalonde,NicolasVandapel,Martial Hebert

P49: Sigma-MCL:Monte-CarloLocalizationfor Mobile Robotswith Stereo Vision (see
page49)
PantelisElinas

SessionChair: Greg Dudek

4:30-5:00 Opensessionfor conferenceplanning and feedback
SessionChairs: Gaurav SukhatmeandStefanSchaal

6:00-9:00 ConferenceBanquet
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Workshop Program: Saturday, June11th
W1 WorkshoponSurgical SimulationbasedonReality-BasedSoft-TissueModels(seepage54)

Room32-124

Jaydev P. Desai,Drexel University
DineshK. Pai, Rutgers,theStateUniversityof New Jersey

W2 WorkshoponHumanoidManipulation(seepage55)
Room32-G449

AaronEdsinger-Gonzales,MassachusettsInstituteof Technology
EduardoTorres-Jara,MassachusettsInstituteof Technology
PaulFitzpatrick,MassachusettsInstituteof Technology
Lijin Aryananda,MassachusettsInstituteof Technology
LorenzoNatale,MassachusettsInstituteof Technology

W3 WorkshoponLearningfor Locomotion(seepage56)
Room32-141

JanPeters,Universityof SouthernCalifornia
RussTedrake,MassachusettsInstituteof Technology
StefanSchaal,Universityof SouthernCalifornia

W4 Self-Recon�gurableRobots/SystemsandApplicationsWorkshop(seepage57)
Room32-D463

Wei-Min Shen,Universityof SouthernCalifornia
Mark Yim, Universityof Pennsylvania
DanielaRus,MassachusettesInstituteof Technology
Eric Klavins,Universityof Washington
Greg Chirikjian, JohnHopkinsUniversity

W5 WorkshoponModularFoundationsfor Control andPerception(seepage58)
Room32-144

OdestChadwickeJenkins,Brown University
MonicaNicolescu,Universityof Nevada,Reno
RodericGrupen,Universityof MassachusettsAmherst
RichardAlan PetersII, VanderbiltUniversity

W6 RoboticsEducationWorkshop(seepage59)
Room32-D461

JohnLeonard,MassachusettesInstituteof Technology
Una-MayO'Reilly, MassachusettesInstituteof Technology
Nick Roy, MassachusettesInstituteof Technology
DanielaRus(contact),MassachusettesInstituteof Technology
SethTeller, MassachusettesInstituteof Technology
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PAPER ABSTRACTS
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PaperP01 Interacting Markov RandomFields for SimultaneousTerrain Modeling and Obstacle
Detection

CarlWellington,AaronCourville,Tony Stentz

Abstract: Autonomousnavigation in outdoorenvironmentsis dif�cult becauseavailable
sensorsmake very indirect measurementson quantitiesof interestsuchasthe supporting
groundheightand the locationof obstacles.We introducea terrainmodel that includes
spatialconstraintson thesequantitiesto exploit structurefound in outdoordomainsand
useavailablesensordatamoreeffectively. Themodelconsistsof multiple Markov random
�elds that incorporateneighborhoodinteractionsand imposea prior on smoothground,
gentlychangingvegetationheight,andclasscontinuity. TheseMarkov random�elds inter-
act througha hiddensemi-Markov modelthatenforcesa prior on thevertical structureof
elementsin theenvironment.Thesystemhasbeentrainedandtestedusingrealdatafrom
an agriculturalsetting. Resultsshow that exploiting the 3D structureinherentin outdoor
domainssigni�cantly improvesgroundestimatesandobstacledetectionaccuracy.

Schedule:seepage13.

PaperP02 ActiveLearningfor OutdoorObstacleDetection

CristianDima,Martial Hebert

Abstract: Learninghasan importantrole in the advanceof autonomousoutdoornaviga-
tion. Becausesupervisedlearningis necessaryfor many outdoorobstacledetectiontasks,
labelingdatabecomesan issuewhen large scalelearningproblemsareapproached.We
believe thatautomaticimageselectionfor labelingis necessaryandproposeto employ ac-
tive learningtechniquesto reducetheamountof labelingrequiredfor learningfrom a data
set.Wetestseveralstandardactive learningmethodsonmultiplerealisticdatasetscaptured
with a robotic vehicle. Extensive experimentswith several featuresets,datasetsandini-
tializationmethodsleadus to the conclusionthat active learningcanprovide a very good
solutionto theproblemof reducinglabelingefforts in theoutdoorperceptiondomain.

Schedule:seepage13.
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PaperP03 DynamicMapsfor Long-TermOperationof MobileServiceRobots

PeterBiber, TomDuckett

Abstract: Thispaperintroducesadynamicmapfor mobilerobotsthatadaptscontinuously
over time. It resolvesthestability-plasticitydilemma(the trade-off betweenadaptationto
new patternsandpreservation of old patterns)by representingthe environmentover mul-
tiple timescalessimultaneously(5 in our experiments).A sample-basedrepresentationis
proposed,whereolder memoriesfadeat different ratesdependingon the timescale.Ro-
bust statisticsareusedto interpretthe samples.It is shown that this approachcantrack
bothstationaryandnon-stationaryelementsof theenvironment,coveringthefull spectrum
of variationsfrom moving objectsto structuralchanges.The methodwasevaluatedin a
� ve weekexperimentin a real dynamicenvironment. Experimentalresultsshow that the
resultingmapis stable,improvesits qualityover timeandadaptsto changes.

Schedule:seepage13.

PaperP04 Star-shaped Roadmaps- A Deterministic Sampling Approach for Complete Motion
Planning

GokulVaradhan,DineshManocha

Abstract: Wepresentasimplealgorithmfor completemotionplanningusingdeterministic
sampling.Our approachrelieson computinga star-shapedroadmapof thefreespace.We
partition the free spaceinto star-shapedregionssuchthat a singlepoint called the guard
canseeevery point in thestar-shapedregion. Theresultingsetof guardscapturetheintra-
regionconnectivity. Wecapturetheinter-regionconnectivity by computingconnectorsthat
link guardsof adjacentregions. We usethe guardsand connectorsto constructa star-
shapedroadmapof thefreespace.Wepresentanef�cient algorithmtocomputetheroadmap
in a deterministicmannerwithout computingan explicit representationof the free space.
Moreover, weshow thatthestar-shapedroadmapcapturestheconnectivity of thefreespace
while providing suf�cient informationto performcompletemotionplanning.Ourapproach
is relatively simple to implementfor robotswith translationaland rotationaldegreesof
freedom(dof). We highlight the performanceof our algorithmon challengingscenarios
with narrow passagesor whenthereis nocollision-freepathfor low-dof robots.

Schedule:seepage14.
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PaperP05 CompletePathPlanningfor PlanarClosedChainsAmongPoint Obstacles

GuanfengLiu, Jeff Trinkle

Abstract: A methodto computeanexactcell decompositionandcorrespondingconnectiv-
ity graphof thecon�gurationspace(C-space)of aplanarclosedchainmanipulatormoving
amongpoint obstaclesis developed.By studyingtheglobalpropertiesof the loop closure
andcollision constraintset,a cylindrical decompositionof thecollision-freeportionof C-
space(C-free)is obtainedwithout translatingtheconstraintsinto polynomialsasrequired
by Collins' method.Oncethegraphis constructed,motionplanningproceedsin theusual
way; graphsearchfollowed by path construction. Experimentalresultsdemonstratethe
effectivenessof thealgorithm.

Schedule:seepage14.

PaperP06 Vision-basedDistributedCoordinationandFlockingof MultiagentSystems

NimaMoshtagh,Ali Jadbabaie,KostasDaniilidis

Abstract: We proposea biologically inspired,distributedcoordinationschemebasedon
nearest-neighborinteractionsfor a set of mobile kinematicagentsequippedwith vision
sensors.It is assumedthat eachagentis only capableof measuringthe following three
quantitiesrelative to eachof its nearestneighbors(asde�ned by a proximity graph):time-
to-collision,a singleoptical �o w vectorandrelative bearing.We prove that theproposed
distributedcontrol law resultsin alignmentof headingsand�ocking, evenwhenthetopol-
ogyof theproximity graphrepresentingtheinterconnectionchangeswith time. It is shown
thatwhentheproximity graphis ”jointly connected

Schedule:seepage14.
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PaperP07 FormationStabilizationof Multiple AgentsUsingDecentralizedNavigationFunctions

HerbertTanner, Amit Kumar

Abstract: Wedevelopdecentralizedcooperativecontrollers,whicharebasedonlocalnavi-
gationfunctionsandyield (almost)globalasymptoticstabilityof agroupof mobileagentsto
adesiredformationandsimultaneouscollisionavoidance.Theformationcouldbeachieved
anywherein the freespace;thereareno pre-speci�ed�nal positionsfor theagentsandis
renderedstableboth in termsof shapeandin termsof orientation.Shapeandorientation
stabilizationis possiblebecausetheagentsregulaterelative positionsratherthandistances
with respectto their network neighbors.Asymptoticstability is provableandguaranteed,
oncethe parametersin the local navigation functionsaretunedbasedon the geometryof
theenvironmentandthedegreeof theinterconnectionnetwork. Feedbackcontrollerssteer
theagentsaway from stationarypoint-obstaclesandinto thedesiredformationusinginfor-
mationthatcanbeobtainedwithin theirsensingneighborhoodandthroughcommunication
with their network neighbors.The methodologyis testedin simulationwheregroupsof
threeandfour mobile agentscomeinto formationsof trianglesanddiamonds,navigating
amongstobstacles.

Schedule:seepage14.

PaperP08 VisuallyNavigatingtheRMSTitanic with SLAMInformationFilters

RyanEustice,HanumantSingh,JohnLeonard,Matthew Walter, RobertBallard

Abstract: This paperdescribesa vision-basedlarge-areasimultaneouslocalizationand
mapping(SLAM) algorithmthatrespectstheconstraintsof low-overlapimagerytypical of
underwatervehicleswhile exploiting the informationassociatedwith the inertial sensors
that areroutinely availableon suchplatforms. We presenta novel strategy for ef�ciently
accessingandmaintainingconsistentcovarianceboundswithin a SLAM information�lter ,
greatlyincreasingthe reliability of dataassociation.The techniqueis baseduponsolving
a sparsesystemof linearequationscoupledwith theapplicationof constant-timeKalman
updates.Themethodis shown to produceconsistentcovarianceestimatessuitablefor robot
planninganddataassociation.Real-world resultsarepresentedfor a vision-based6 DOF
SLAM implementationusing datafrom a recentROV survey of the wreck of the RMS
Titanic.

Schedule:seepages13and15.
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PaperP09 InformationGain-basedExplorationUsingRao-BlackwellizedParticle Filters

Cyrill Stachniss,Giorgio Grisetti,WolframBurgard

Abstract: This paperpresentsan integratedapproachto exploration,mapping,andlocal-
ization. Our algorithmusesa highly ef�cient Rao-Blackwellizedparticle�lter to represent
theposterioraboutmapsandposes.It appliesadecision-theoreticframework whichsimul-
taneouslyconsidersthe uncertaintyin the mapandin the poseof the vehicle to evaluate
potentialactions.Thereby, it trades-off thethecostof executinganactionwith theexpected
informationgain andtakesinto accountpossiblesensormeasurementsgatheredalongthe
pathtakenby therobot. We furthermoredescribehow to utilize thepropertiesof theRao-
Blackwellizationto ef�ciently computetheexpectedinformationgain. We presentexperi-
mentalresultsobtainedin therealworld andin simulationto demonstratetheeffectiveness
of ourapproach.

Schedule:seepages13and15.

PaperP10 PerformanceBoundsfor CooperativeSimultaneousLocalizationandMapping(C-SLAM)

AnastasiosMourikis, StergiosRoumeliotis

Abstract: In this paperwe studythe time evolution of the positionestimates'covariance
in Cooperative SimultaneousLocalizationandMapping(C-SLAM), andobtainanalytical
upperboundsfor thepositioninguncertainty. Thederivedboundsprovide descriptionsof
theasymptoticpositioningperformanceof a teamof robotsin amappingtask,asafunction
of thecharacteristicsof theproprioceptiveandexteroceptivesensorsof therobots,andof the
graphof relativepositionmeasurementsrecordedby therobots.A studyof thepropertiesof
theRiccatirecursionwhichdescribesthepropagationof uncertaintythroughtime,yields(i)
theguaranteedaccuracy for a robotteamin agivenC-SLAM application,aswell as(ii) the
maximumexpectedsteadystateuncertaintyof therobotsandlandmarks,whenthespatial
distribution of featuresin the environmentcanbe modeledby a known distribution. The
theoreticalresultsarevalidatedby simulationexperiments.

Schedule:seepages13and15.
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PaperP11 Ef�cient ExplorationWith LatentStructure

Bethany Lef�er , MichaelLittman,AlexanderStrehl,ThomasWalsh

Abstract: Wheninteractingwith anew environment,a robotcanimprove its onlineperfor-
manceby ef�ciently exploring theeffectsof its actions.Theef�ciency of explorationcan
beexpandedsigni�cantly by modelingandusinglatentstructureto generalizeexperiences.
We provide a theoreticaldevelopmentof the problemof explorationwith latentstructure,
analyzeseveral algorithmsandprove matchinglower bounds.We demonstrateour algo-
rithmic ideason a simplerobotcar repeatedlytraversinga pathwith two differentsurface
properties.

Schedule:seepages13and15.

PaperP12 Curvesof StationaryAcceleration

JonSelig

Abstract: The conceptof curvesof minimal accelerationseemsto have beenintroduced
by ZefranandKumarand independentlyby Noakes,HeinzingerandPaden. In part the
motivationwasto extendthenotionof splinecurvesto curvesin groups.Speci�cally the
groupsassociatedwith robotics.A curvein therigid bodymotiongroupSE(3) for example,
can be thoughtof as a trajectoryof a rigid body. Hencetheseideashave applications
to motion planningand interpolation. In this work the analysisis repeatedbut usingbi-
invariant metricson the group. Sincethesemetricsare not positive de�nite the curves
speci�ed by theequationsderivedareonly stationary, not minimal. It is possibleto solve
thesenon-linearcoupleddifferentialequationsin somesimplecases.However, thesesimple
casesturnout to behighly relevantto roboticsandmechanismtheory.

Schedule:seepages13and15.
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PaperP13 A polynomial-timealgorithmto designpushplansfor sensorlesspartssorting

Mark deBerg, Xavier Goaoc,FrankvanderStappen

Abstract: We considertheef�cient computationof sequencesof pushactionsthatsimul-
taneouslyorient two differentpolygons.Our motivation for studyingthis problemcomes
from theobservationthatappropriatelyorientedpartsadmitsimplesensorlesssorting. We
studythesortingof two polygonalpartsby �rst putting themin properlyselectedorienta-
tions. We give anO(n2 logn)-time algorithmto enumerateall pairsof orientationsfor the
two partsthatcanberealizedby a sequenceof pushactionsandadmitsensorlesssorting.
We thenproposeanO(n4 log2 n)-time algorithmfor �nding theshortestsequenceof push
actionsestablishinga given realizablepair of orientationsfor the two parts. Theseresults
generalizeto thesortingof k polygonalparts.

Schedule:seepages14and15.

PaperP14 Ef�cient MotionPlanningBasedonDisassembly

YuandongYang,OliverBrock

Abstract: Disassembly-basedmotion planning is a novel and ef�cient single-query,
sampling-basedmotion planningapproachfor free-�ying robots. It derives its ef�ciency
from theconsiderationof workspaceinformationto guidetheexplorationof con�guration
space.Disassembly-basedmotionplanningusesworkspaceinformationto excludesigni�-
cantportionsof con�gurationspacefrom exploration.It alsoidenti�es themostconstrained
placementsof therobotalonga potentialsolutionpath.Theseplacementsarereferedto as
assemblies,becausethe environmentimposesgeometricconstraintson the motion of the
robot,aswould bethecasefor a partof anassembly. Theseconstraintscanbeexploitedto
further limit con�guration spaceexploration. Throughthis useof workspaceinformation,
thesolutionto many practicalproblemscanbefound,eventhoughonly a small fractionof
theoverall con�gurationspacehasbeenexplored.This methodof motionplanningresults
in performanceimprovementsof severalordersof magnitude,comparedto state-of-the-art
single-querymotionplanningmethods.For non-free-�ying robots,disassembly-basedmo-
tion planningperformsat leastaswell as the sampling-basedmotion planningmethodit
is basedon. We presenta proof of probabilisticcompletenessfor disassembly-basedmo-
tion planning,showing thatcon�guration spaceregionscanbeexcludedfrom exploration
withoutaffectingthecompletenessof motionplanning.

Schedule:seepages14and15.
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PaperP15 Toward OptimalCon�gurationSpaceSampling

BrendanBurns,OliverBrock

Abstract:
Utility-guidedplanningis anovel approachto sampling-basedmulti-querymotionplanning
that reducesthe numberof samplesrequiredfor a completeroadmaptoward the optimal
numberof samplesthatwouldbeselectedif thecompletecon�gurationspacewereknown.
The utility-guided planneris informedby andadaptedto its developingunderstandingof
thecon�guration space.The locationof eachnew sampleis chosenusingall of the infor-
mationprovidedby previoussamplingandalsoto maximizethebene�ts to theplanner. To
accomplishthis, the plannermaintainsan approximatepredictive modelof con�guration
spacecontainingtheinformationfrom all previoussamples.Combinedwith knowledgeof
themotionplanningtask,this modelprovidescon�guration spacestructurethat identi�es
futuresampleswith maximalexpectedutility. Experimentalresultswith animplementation
of this approachindicatethat it is capableof signi�cantly reducingtheruntimerequiredto
constructacompleteroadmapfor con�gurationspaceswith arbitrarydegreesof freedom.

Schedule:seepages14and15.

PaperP16 Natural Gait GenerationTechniquesfor Principally KinematicMechanicalSystems

Elie Shammas,Howie Choset,Alfred Rizzi

Abstract: In this paperwe presenta naturalgait evaluationtechniquefor principally kine-
matic systems.We take advantageof the fact that for principally kinematicsystemsthe
relationbetweenshapespacevelocitiesandbodyrepresentationof �ber velocitiesis inde-
pendenton the positionof the robot. This allows for equatingpositionchangeto a line
integral of a well de�ned functionalongany curve in theshapespace.By restrictinggaits
to be closedcurveswe useStoke's theoremto relatepositionchangeto a areaintegral of
a heightfunction. Hence,not only doesour gait evaluationmethodallow for intuitive gait
generationbut it is alsosuitablefor optimizing thesegaits. Moreover, our gait generation
approachdoesnot restrictthetypesof allowableinputsnor doesit requireany guessingof
theparametersof theproposedgaits.

Schedule:seepages14and15.
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PaperP17 A Two-Point Boundary-ValueApproach for PlanningManipulationTasks

PengSong,Vijay Kumar, Jong-ShiPang

Abstract: We considerthe problemof planningmanipulationtasksin which rigid body
dynamicsaresigni�cant and the rigid bodiesundergo frictional contacts. We develop a
dynamicmodelwith frictional compliantcontacts,andatime-steppingalgorithmthatlends
itself to �nding trajectorieswith constraintson the startingandgoal conditions. Because
we explicitly modelthelocal complianceat thecontactpoints,we canincorporateimpacts
without resettingthestatesandreinitializing thedynamicmodels.Theproblemof solving
for the frictional forceswith theCoulombfriction conelaw reducesto a convex quadratic
program.Weshow how this formulationcanbeusedto solveboundaryvalueproblemsthat
arerelevant to processdesign,designoptimizationandtrajectoryplanningwith practical
examples.To ourknowledge,thispaperis the�rst timeboundaryvalueproblemsinvolving
changesin contactconditionshavebeensolvedin asystematicway.

Schedule:seepages14and15.

PaperP18 DynamicTaskAllocationin RobotSwarms

JamesMcLurkin, DanielYamins

Abstract: As robotsbecomeubiquitous,dedicatingmultiple robotsto a single taskwill
becomethe norm. Groupsof robotscansolve problemsin fundamentallydifferentways
thancanindividuals,while achieving higherlevelsof performance.However, robotgroups
presentuniquechallengesfor programmingandcommunication.Oneof thecentralprob-
lemssuchchallengesis �nding waysto allocatesubtasksto meetglobal contraints.This
work presentsandanalyzesthreedifferentdistributedalgorithmsfor dynamictaskalloca-
tion, spanninga rangeof ef�ciency andcommunicationcomeplexity classes.The algo-
rithmsaredesignedwith aneye towardpracticalapplications.Two of thethreealgorithms
have beenimplementedand testedon a swarm of robots. Dataandproofsof algorithm
correctnessandef�ciency areprovided.

Schedule:seepages14and15.
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PaperP19 MicroroboticStreakSeedingFor ProteinCrystalGrowth

AtanasGeorgiev, PeterAllen, Ting Song,Andrew Laine,William Edstrom,JohnHunt

Abstract: We presenta microroboticsystemfor proteincrystalmicromanipulationtasks.
The focusin this paperis on the taskknown to crystallographersasstreakseeding– it is
usedto enticecertainproteincrystalsto grow. Oursystemfeaturesasetof customdesigned
micropositionerend-effectorswecall microshovelsto replacetraditionaltoolsusedby crys-
tallographersfor thistask.Wehaveusedmicro-electricalmechanicalsystem(MEMS) tech-
niquesto designandmanufacturevariousshapesandquantitiesof microshovels. Visual
input from acameramountedonthemicroscopeis usedto detectthelocationsof thesource
crystalswhich thetool needsto touchaswell asthelocationsof thetargetproteindroplets
for seeding.Wepresentexperimentalresultsthatillustratetheapplicabilityof ourapproach.

Schedule:seepages14and15.

PaperP20 SingleActuatorControl of a 3DOFHoppingRobot

CherouvimNicholas,PapadopoulosEvangelos

Abstract: In this paperwe explore the mechanismof energy transferbetweenthe single
actuatedDOF of a one-leggedhoppingrobot and the remainingunactuatedDOFs, dur-
ing stablerunning. Theconceptof theenergy transfermechanismis laid out, afterwhich
follows an analyticalstudy. Using this study, an initial controller is derived for the con-
trol of a simpleSLIP modelwith friction in the leg andhip, usinga singleactuatorat the
hip. We show that while this controller is capableof stablemotion for the SLIP model,
it doesnot leadto stablelocomotionfor the full realisticrobotmodelwith pitchingbody,
leg inertia andfriction in hip andleg. This indicatesthat the SLIP modeloften usedfor
controllerdesignmaybeunsuitablefor this purpose.Thenecessarymodi�cationsarethen
madeto thecontrollerto achieve stablelocomotionfor thefull model,again with a single,
easy-to-implementactuatorlocatedat thehip. Finally, resultsareshown from applyingthe
controllerto thefull modelfor awide rangeof parametersleadingto stablemotions.

Schedule:seepages14and15.
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PaperP21 Modeling Complex Contacts Involving Deformable Objects for Haptic and Graphic
Rendering

Qi Luo, JingXiao

Abstract: Hapticrenderinginvolving deformableobjectshasseenmany applications,from
surgical simulationandtraining, to virtual prototyping,to teleoperation,etc. High quality
renderingdemandsbothphysical �delity andreal-timeperformance,which areoftencon-
�icting requirements.In thispaper, wesimulatecontactforcebetweenaheldrigid bodyand
an elasticobjectandthe correspondingshapedeformationof the elasticobjectef�ciently
and realisticallybasedon a nonlinearphysical modelanda novel beam-skeletonmodel,
takinginto accountfriction, compliantmotion,andmultiple contactregions.Our approach
is able to achieve a combinedupdaterateof over 1 kHz in realistic, smooth,andstable
rendering,asdemonstratedby our implementedexamples.

Schedule:seepages14and15.

PaperP22 ThreeDimensionalStochasticRecon�gurationof ModularRobots

PaulWhite,Victor Zykov, JoshBongard,HodLipson

Abstract: Weintroducebothasimulatedandaphysicalthree-dimensionalstochasticmod-
ular robotsystem,bothcapableof self-assemblyandself-recon�guration.We assumethat
individual units can only draw power when attachedto the growing structure,and have
no meansof actuation. Insteadthey are subjectto randommotion inducedby the sur-
roundingmediumwhenunattached.We presenta simulationenvironmentwith a �e xible
scriptinglanguagethatallows for parallelandserialself-assemblyandself-recon�guration
processes.We explore factorsthat govern the rateof assemblyandrecon�guration,and
show that self-recon�gurationcanbe exploited to acceleratethe assemblyof a particular
shape,ascomparedwith staticself-assembly. We demonstratetheability of a simplephys-
ical three-dimensionalstochasticmodularrobotsystemto self-recon�gurein a �uid.

Schedule:seepage16.
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PaperP23 OnCorrelatingSonarImages

RichardRikoski,JamesCobb,DanielBrown

Abstract: This paperdemonstratesthat sonarimagescorrelatebadly becausetarget ge-
ometryandimagefringescorrelatein differentcoordinatesystems.It is shown that if the
receiver is a line array, all point objectshave thesameimagein a coordinatesystemwith
axesof rangeandthesineof targetbearing(the (r,s) coordinatesystem).Resultsfrom an
oceanexperimentarepresented.Theoceanexperimentshowsthatafterasimpletranslation,
thecorrelationcoef�cient betweenCartesianimagesof a radarre�ector dropto zero,while
thecorrelationcoef�cient betweenimagesof thesameradarre�ector in an(r,s)coordinate
systemhoveraround0.9.

Schedule:seepage16.

PaperP24 SquareRootSAM

FrankDellaert

Abstract: Solving theSLAM problemis oneway to enablea robot to explore,map,and
navigatein a previously unknown environment.We investigatesmoothingapproachesasa
viable alternative to extendedKalman�lter -basedsolutionsto the problem. In particular,
we look at approachesthat factorizeeitherthe associatedinformationmatrix or the mea-
surementmatrix into squareroot form. Suchtechniqueshaveseveralsigni�cant advantages
overtheEKF: they arefasteryetexact,they canbeusedin eitherbatchor incrementalmode,
arebetterequippedto dealwith non-linearprocessandmeasurementmodels,andyield the
entirerobot trajectory, at lower cost. In addition,in an indirectbut dramaticway, column
orderingheuristicsautomaticallyexploit thelocality inherentin thegeographicnatureof the
SLAM problem.In thispaperwepresentthetheoryunderlyingthesemethods,aninterpre-
tationof factorizationin termsof thegraphicalmodelassociatedwith theSLAM problem,
andpromisinginitial simulationresultsthatunderscorethepotentialof theapproach.

Schedule:seepage16.
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PaperP25 Topological Mappingwith Multiple VisualManifolds

Greg Grudic,JaneMulligan

Abstract: We addresstheproblemof building topologicalmapsin visual spacefor robot
navigation.Thenodesof ourtopologicalmapsconsistof clustersin manifoldspace,andwe
proposeanunsupervisedlearningalgorithmthatautomaticallyconstructsthesemanifolds
- the userneedonly specify the desirednumberof clustersandthe minimum numberof
imagespercluster. This spectralclusteringlike framework allows eachclusterto optimize
a separatesetof clusteringparameters,andwe demonstrateempiricallythat this �e xibility
cansigni�cantly improve clusteringresults.We furtherproposea framework for servoing
the robot in our manifold space,which would allow the robot to navigatefrom any point
on onemanifold (topologicalnode)to any speci�ed point on a secondmanifold. Finally,
we presentexperimentalresultson indoorandoutdoorimagesequencesdemonstratingthe
ef�cacy of theproposedalgorithm.

Schedule:seepage17.

PaperP26 Scalinghard vertical surfaceswith compliantmicrospinearrays

Alan Asbeck,SangbaeKim, William R. Provancher, MicheleLanzetta,M.R. Cutkosky

Abstract: A new approachfor climbing hard vertical surfaceshasbeendevelopedthat
allows a robot to scaleconcrete,stucco,brick andmasonrywalls without usingsuctionor
adhesives.Theapproachis inspiredby themechanismsobservedin someclimbing insects
andspidersandinvolvesarraysof microspinesthatcatchon surfaceasperities.Thearrays
arelocatedon thetoesof therobotandconsistof a tuned,multi-link compliantsuspension.
In this paperwe discussthe fundamentalissuesof spineallometricscalingversussurface
roughnessandthesuspensionneededto maximizetheprobabilitythateachspinewill �nd a
useablesurfaceirregularity andto distributeclimbing tensileandshearloadsamongmany
spines.The principlesaredemonstratedwith a new climbing robot that canscalea wide
rangeof exteriorwalls.

Schedule:seepage17.
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PaperP27 Multi-robotSimultaneousLocalizationandMappingusingAcausalParticle Filters

Andrew Howard

Abstract: This paperdescribesan on-line algorithmfor multi-robot simultaneouslocal-
izationandmapping(SLAM). We take asour startingpoint thesingle-robotparticle-�lter-
basedtechniquedescribedin [1] andmake two key generalizations:oneto handlemultiple
robots,andanotherto allow for acausal(i.e., time-reversed)updates.The�rst generaliza-
tion suf�ces for multi-robotSLAM problemsin whichtheinitial poseof therobotsis known
(e.g.,whenall robotsstartat thesamelocation).Thesecondgeneralizationis requiredfor
the moregeneralproblem,in which the initial poseof robotsis not known a priori (e.g.,
whentherobotsstartfrom widely separated,andpossiblyrandom,locations).In this latter
case,we make the assumptionthat the individial robotswill eventually `bump-into' one
another, andtherebydeterminetheir relativeposeatsomepoint in time. Theacausalgener-
alizationallowsusto combineobservationsfrom suchrobots,includingthoseobservations
thatoccurredprior to the �rst suchencounter. Thus,thealgorithmpresentedin this paper
is ableto fuseall datafrom all robotsinto asinglemap,evenwhentheinitial poseof those
robotsis unknown.

Schedule:seepage17.

PaperP28 DatadrivenMCMCfor Appearance-basedTopological Mapping

AnanthRanganathan,FrankDellaert

Abstract: Probabilistictechniqueshave becomethemainstayof roboticmapping,partic-
ularly for generatingmetricmaps.In previouswork, we have presenteda hithertononex-
istentgeneralpurposeprobabilisticframework for dealingwith topologicalmapping.This
involvesthecreationof ProbabilisticTopologicalMaps(PTMs),a sample-basedrepresen-
tation that approximatesthe posteriordistribution over topologiesgiven availablesensor
measurements.ThePTM is inferredusingMarkov ChainMonteCarlo(MCMC) thatover-
comesthe combinatorialnatureof the problem. In this paper, we addressthe problem
of integratingappearancemeasurementsinto the PTM framework. Speci�cally, we con-
siderappearancemeasurementsin the form of panoramicimagesobtainedfrom a camera
rig mountedon a robot. We alsoproposeimprovementsto the ef�ciency of the MCMC
algorithmthroughthe useof an intelligent data-driven proposaldistribution. We present
experimentsthatillustratetherobustnessandwideapplicabilityof ouralgorithm.

Schedule:seepage17.
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PaperP29 RobotPlanningin Partially ObservableContinuousDomains

JosepPorta,MatthijsSpaan,NikosVlassis

Abstract: In thiswork,wepresentavalueiterationalgorithmfor learningto actin Partially
ObservableMarkov DecisionProcesses(POMDPs)with continuousstatespaces.Main-
streamPOMDPresearchfocuseson the discretecaseandthis complicatesits application
to, e.g., robotic problemsthat arenaturallymodeledusingcontinuousstatespaces.The
maindif�culty in de�ning aPOMDPin acontinuousstatespaceis thattheexpectedvalues
over statesmustbe de�ned usingintegralsthat, in general,cannotbe computedin closed
from. In this paper, we show that we canrepresentthe valuefunction in the continuous
in�nite-dimensionalPOMDPbelief spaceusinga discretesetof supportingfunctions,that
we call � -functions,that form a direct generalizationof the � -vectorsde�ning the value
functionof a discrete-statePOMDP. It turnsout thatusingsucha representation,thevalue
function remainspiecewise linearandconvex. Moreover, if thebeliefsandall modelsin-
volved in the POMDPframework areGaussian-based,eachstepof valueiterationcanbe
carriedoutanalyticallyandexact.For practicalpurposes,we introduceapoint-basedvalue
iteration algorithm that approximatesthe optimal value function and allows for ef�cient
planningin continuousdomains.Preliminaryresultssuggestthatour approach�ts well to
planningin roboticdomains.

Schedule:seepages16and18.

PaperP30 PathPlanningfor DeformableRobotsin Complex Environments

RussellGayle,William Segars,Ming Lin andDineshManocha

Abstract: We presentanalgorithmfor pathplanningfor a �e xible robot in complex envi-
ronments.Our algorithmcomputesa collision freepathby taking into accountgeometric
andphysicalconstraints,includingobstacleavoidance,non-penetrationconstraints,volume
preservation, surfacetensionandenergy minimization. We describea new algorithmfor
collision detectionbetweena deformablerobotand�x edobstaclesusinggraphicsproces-
sors. We alsopresenttechniquesto ef�ciently handlecomplex deformablemodelscom-
posedof tensof thousandsof polygonsandobtainsigni�cant performanceimprovement
over previous approaches.Moreover, we demonstratea practicalapplicationof our algo-
rithm in performingpathplanningof cathetersin liver chemoembolization.

Schedule:seepages16and18.
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PaperP31 MotionPlanningin thePresenceof Drift, UnderactuationandDiscreteSystemChanges

Andrew Ladd,LydiaKavraki

Abstract: Motion planningresearchhasbeensuccessfulin developingplanningalgorithms
which areeffective for solving problemswith complicatedgeometricandkinematiccon-
straints. Variousapplicationsin roboticsand in other �elds demandadditionalphysical
realism.Someprogresshasbeenfor non-holonomicsystems.However systemswith sig-
ni�cant drift, underactuationanddiscretesystemchangesremainchallengingfor existing
planningtechniquesparticularlyasthedimensionalityof thestatespaceincreases.Recently,
thePath-DirectedSubdivisionTreeexplorationplanner(PDST-EXPLORE) wasintroduced
asa techniquefor solvingsuchproblemswhile avoiding dif�culties thatpreviousplanning
approacheshad. This papercontinuesthe developmentof the PDST-EXPLOREplanner,
introducesa dif�cult benchmarkandusesPDST-EXPLOREto plan for this benchmark.
Wedemonstratefor the�rst time thecapabilitiesof ourplannerin solvingaproblemwhich
cannotbesolvedusingprevioustechniquesin literature.Solutionsfor upto 87dimensional
versionsof thebenchmarkin lessthan6 hours.

Schedule:seepages16and18.

PaperP32 BioCD : ef�cient self-collisionand distancecomputationin highly articulatedmolecular
models

VicenteRuizdeAngulo,JuanCortes,ThierrySimeon

Abstract: This paperdescribesanef�cient approachto (self) collision detectionanddis-
tancecomputationsfor complex articulatedmechanismssuchas molecularchains. The
proposedalgorithmcalledBioCD is particularlydesignedfor sampling-basedmotionplan-
ning on molecularmodelsdescribedby long kinematicchainspossiblyincluding cycles.
Thealgorithmconsidersthatthekinematicchainis structuredinto anumberof rigid groups
articulatedby preselecteddegreesof freedom.Thisstructurationis exploitedby atwo-level
spatially-adaptedhierarchy. Theproposedalgorithmis not limited to particularkinematic
topologiesandallows goodcollision detectiontimes. BioCD is alsotailoredto dealwith
the particularitiesimposedby the molecularcontext on collision detection.Experimental
resultsshow theeffectivenessof theproposedapproachwhich is ableto processthousands
of (self)collisiontestspersecondon�e xible proteinmodelswith upto hundredsof degrees
of freedom.

Schedule:seepages16and18.
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PaperP33 AnRRT-BasedAlgorithmfor TestingandValidatingMulti-RobotControllers

JongwooKim, JoelEsposito,Vijay Kumar

Abstract: Weaddresstheproblemof testingcomplex reactivecontrolsystemsandvalidat-
ing theeffectivenessof multi-agentcontrollers.Testingandvalidationinvolvessearching
for conditionsthatleadto systemfailureby exploringall adversarialinputsanddisturbances
for erranttrajectories.This problemof testingis relatedto motionplanning,with onemain
difference.Unlike motion planningproblems,systemsaretypically not controllablewith
respectto disturbancesor adversarialinputsandtherefore,the reachablesetof statesis a
smallsubsetof theentirestatespace.In bothcaseshowever, thereis agoalor speci�cation
setconsistingof a setof points in statespacethat is of interest,either for demonstrating
failureor for validation.In this paperwe considertheapplicationof theRapidly-exploring
RandomTreealgorithmto the testingandvalidationproblem. Becauseof thedifferences
betweentestingandmotionplanning,weproposethreemodi�cationsto theoriginalRRT al-
gorithm.First,we introducea new distancefunctionwhich incorporatesinformationabout
thesystem's dynamicsto selectnodesfor extension.Second,we introducea weightingto
penalizenodeswhich arerepeatedlyselectbut fail to extend. Third, we proposea scheme
for adaptively modifying the samplingprobability distribution basedon treegrowth. We
demonstratethe applicationof the algorithmvia threesimpleandone large scaleexam-
ple andprovide computationalstatistics.Our algorithmsareapplicablebeyondthetesting
problemto motionplanningfor systemsthatarenotsmalltime locally controllable.

Schedule:seepages16and18.

PaperP34 RoadmapBasedPursuit-EvasionandCollisionAvoidance

VolkanIsler, DengfengSunandShankarSastry

Abstract: We studycollision-avoidanceandpursuit-evasiongamesfor mobile robots. In
the �rst part of the paper, underthe assumptionthat the pursuerandthe evader(possibly
subjectto physicalconstraints)sharethesameroadmapto plantheir strategies,we present
soundandcompletestrategiesfor threedifferentgames.In thesecondpart,we utilize the
pursuit-evasionresultsto post-processtheworkspaceand/orcon�guration spaceto obtain
a collision probabilitymapof theenvironment.Next, we presenta probabilisticmethodto
utilize thismapto planthetrajectoriesof independentrobots.

Schedule:seepages17and18.
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PaperP35 Single-ClusterSpectral GraphPartitioning for RoboticsApplications

EdwinOlson,Matthew Walter, SethTeller, JohnLeonard

Abstract: We presentan algorithmfor �nding a singleclusterof well-connectednodes
in a graph. The generalproblemis NP-hard,but our algorithmproducesan approximate
solutionin O(n2) by consideringthe spectralpropertiesof the graph's adjacency matrix.
We show how this algorithmcanbe usedto �nd setsof self-consistenthypotheseswhile
rejectingincorrecthypotheses,a problemthat frequentlyarisesin robotics. We present
several results,including outlier rejectionin a range-onlySLAM system,andparametric
line �tting, in whichouralgorithmoutperformsRANSAC.

Schedule:seepages17and18.

PaperP36 AdaptiveRoadFollowingusingSelf-SupervisedLearningandReverseOpticalFlow

David Lieb, Andrew Lookingbill, SebastianThrun

Abstract: Themajority of currentimage-basedroadfollowing algorithmsoperate,at least
in part,by assumingthepresenceof structuralor visualcuesuniqueto theroadway. As a
result,thesealgorithmsarepoorly suitedto thetaskof trackingunstructuredroadstypical
to desertenvironments.In this paper, we proposea roadfollowing algorithmthatoperates
in aself-supervisedlearningregime,allowing it to adaptto changingroadconditionswhile
makingno assumptionsaboutthe generalstructureor appearanceof the roadsurface. A
novel applicationof optical �o w techniques,pairedwith one-dimensionaltemplatematch-
ing, allows identi�cation of regionsin thecurrentcameraimagethatcloselyresemblethe
learnedappearanceof theroadin therecentpast.Thealgorithmassumesthevehiclelieson
theroadin orderto form templatesof theroad'sappearance.A dynamicprogrammingvari-
ant is thenappliedto optimizethe1-D templatematchresultswhile enforcinga constraint
on the maximumroadcurvatureexpected.Algorithm outputimages,aswell asquantita-
tive results,arepresentedfor threedistinct roadtypesencounteredin actualdriving video
acquiredin theCaliforniaMojaveDesert.

Schedule:seepages17and18.
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PaperP37 Optimal Sensing Strategies for Mobile Robot Formations: Resource-Constrained
Localization

AnastasiosMourikis, StergiosRoumeliotis

Abstract: This paperaddressesthe problemof resourceallocationin formationsof mo-
bile robotslocalizingasa group. Eachrobot receivesmeasurementsfrom varioussensors
thatprovide relative (robot-to-robot)andabsolutepositioninginformation. Constraintson
the sensorsbandwidth,aswell ascommunicationandprocessingrequirements,limit the
numberof measurementsthatareavailableor canbeprocessedat eachtime step.The lo-
calizationuncertaintyof thegroup,determinedby thecovariancematrix of theequivalent
continuous-timesystemat steadystate,is expressedasa function of the sensormeasure-
mentsfrequencies.Thetraceof thecovariancematrix is selectedastheoptimizationcrite-
rion, underlinearconstraintsonthemeasuringfrequency of eachsensorandthecumulative
rateof EKF updates.This formulationleadsto a convex optimizationproblemwhoseso-
lution providesthe sensingfrequencies,for eachsensoron every robot, requiredin order
to maximizethepositioningaccuracy for thegroup.Simulationexperimentsarepresented
that demonstratethe applicability of this methodandprovide insight on the propertiesof
theresource-constraintcooperative localizationproblem.

Schedule:seepages17and18.

PaperP38 DiscriminativeTrainingof KalmanFilters

PieterAbbeel,AdamCoates,MichaelMontemerlo,Andrew Ng, SebastianThrun

Abstract: Kalman �lters are a workhorseof robotics and are routinely usedin state-
estimationproblems.However, their performancecritically dependson a largenumberof
modellingparameterswhichcanbeverydif�cult to obtain,andareoftensetvia signi�cant
manualtweakingandatagreatcostof engineeringtime. In thispaper, weproposeamethod
for automaticallylearningthenoiseparametersof a Kalman�lter . We alsodemonstrateon
acommercialwheeledrover thatourKalman�lter' s learnednoisecovarianceparameters—
obtainedquickly andfully automatically—signi�cantlyoutperformanearlier, carefullyand
laboriouslyhand-designedone.

Schedule:seepages17and18.
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PaperP39 TimeComplexity of Con�ict-FreeVehicleRouting

VikrantSharma,Emilio Frazzoli,PetrosVoulgaris

Abstract: In this paper, we study the following motion coordinationproblem: given n
vehiclesandn origin-destinationpairsin the plane,what is the minimum time neededto
transfereachvehiclefrom its origin to its destination,avoidingcon�icts with othervehicles?
Theenvironmentis freeof obstaclesanda con�ict occurswhendistancebetweenany two
vehiclesis smallerthana velocity-dependentsafetydistance.In thecasewheretheorigin
anddestinationpointscanbe chosenarbitrarily, we show that the transfertakes�(

p
n �L )

timeto complete,where�L is theaveragedistancebetweentheorigin anddestinationpoints.
Wealsoanalyzethecasein whichorigin anddestinationpointsaregeneratedrandomlyac-
cordingto a uniform distribution, andpresentanalgorithmproviding a constructive upper
boundon thetime neededto transfervehiclesfrom origins to their correspondingdestina-
tion, proving thatthetransfertakes�(

p
n) time for thiscase.

Schedule:seepages17and18.

PaperP40 TheStabilityof PointmassHopperswith VaryingMorphologyandMinimal Feedback

JustinSeipel

Abstract: In this paperwe examinethe stability of a classof simple three-dimensional
pointmasshoppers,which have minimal feedback.Thesehoppers,with varying leg num-
bers,arerepresentative of bothanimalandroboticrunners:single-stance-leg runnerssuch
as humans,birds, and somemonopodrobots; double-stance-leg hopperssuchas kanga-
roos; and triple-stance-leg runnerslike the cockroachor the robot RHex. Thesemodels
have minimal feedback:only liftof f and touchdown eventsaresensedand,during �ight
phases,legs arepositionedin a predeterminedmannerfor the ensuingtouchdown. Only
onemodel,thatcorrespondingto cockroachrunning,is actively actuated,but thenonly in
a feedforward fashion. The remaininghoppermodelsform a subsetof energy conserv-
ing, piecewise-holonomicpointmassmodelsfor running. Categorically, we show that the
pointmassmodel for single-stance-leg runnersis unstable;whereasthe double-stance-leg
and triple-stance-leg hoppermodelsarestable. We abstractthreeideasthat warrantfur-
therstudy:1) multileggedsplayedrunnersarenaturallymorestablesincethey canproduce
suf�cient corrective forcesin all directionsto perturbations.However, 2) In somesystems
with specializedhip joints, passive reactionsto perturbationsgeneratedat the hip canbe
stabilizing. This scenariois presentin RHex. Finally, 3) A RHex andcockroachversion
of thethree-stance-leg modelarefundamentallydifferentin how their individual legsactto
producenetbodyforces,whichaffectstheir respectivestabilityproperties.

Schedule:seepages17and18.
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PaperP41 Optimaldesignof robots

Jean-PierreMerlet

Abstract: Synthesisof robotsmaybedecomposedinto two processes:structural synthe-
sis (determinethe generalarrangementof the mechanicalstructuresuchas the type and
numberof joints and the way they will be connected)and dimensionalsynthesis(deter-
minethelengthof thelinks, theaxisandlocationof thejoints, thenecessarymaximaljoint
forces/torques,: : :). Theperformancesthatmaybeobtainedfor a robotaredrasticallyde-
pendenton bothsynthesis.Although for serialrobotsgeneraltrendsmaybederivedonly
from thestructurearealisticcomparisonbetweentwo differentstructuresmayonly bemade
afteracarefuldimensionalsynthesisandthis is evenmoresofor closed-looprobot(suchas
parallelrobots).We will presenta dimensionalsynthesisapproachbasedon thedesignre-
quirementsthatallowsoneto obtainalmostall feasibledesignsolutionsthatareguaranteed
to satisfy the requirements,even taking into accountmanufacturingtolerances.Practical
examplesof 6-DOFrobotdesignwill bepresented.

Schedule:seepage18.

PaperP42 Biologically InspiredMiniatureWaterStriderRobot

SteveH. Suhr, SangJunLee,YunSeongSong,Metin Sitti

Abstract: Recentbiological studieson waterstrider insectsrevealedthe detailedmech-
anismof their stayingandwalking on water. While macroscalebodiesutilize buoyancy
to stayon water, thesevery light andsmall insectsbalancetheir weight using the repul-
sive surfacetensionforceswherethe insectlegsarecoveredwith micro-hairsresultingin
a superhydrophobiceffect. Utilizing theuniquescalingadvantageof theseinsects,this pa-
perproposesa biologically inspiredminiaturemicro-robotwalking on waterwith a similar
principle. The paperfocuseson understandingphysical characteristicsof the insectand
designinga robot thatmimics the insect?smovement.Highly hydrophobicTe�on; coated
wires areusedfor the legs to utilize surfacetensionforce andthe robot body is madeof
carbon�bers for minimal weight. A T-shapedactuationmechanismwith threePZT-5H
basedunimorphpiezoelectricactuatorsis utilized to move the robots?sidelegs indepen-
dently for controlledsteering.Kinematicsanddynamicpropertiesof the robot prototype
areanalyzedandcomparedwith the experimentalresults. The fabricatedtetheredrobot
cansuccessfullymove forward,backwardandcanalsomake turns.Maximumspeedof the
robotin forwardmotionis 2.3cm/s.In thefuture,addingminiaturesensorsandanon-board
powersourceandelectronicson therobotwouldbeenvironmentalmonitoringapplications
ondams,lakes,sea,rivers,etc.usinganetwork of theserobots.

Schedule:seepage19.

45



PaperP43 Micro andNanoroboticAssemblyUsingDielectrophoresis

ArunkumarSubramanian,Barmeshwar Vikramaditya,Lixin Dong,Dominik Bell, Bradley
J.Nelson

Abstract: The contactphaseof an assemblytask involving micro and nanoobjectsis
complicatedby the presenceof surfaceand intermolecularforcessuchas electrostatic,
surface-tensionandVanderWaalsforces.Assemblystrategiesmustaccountfor thepres-
enceof theseforcesin orderto guaranteesuccessfulrepeatablemicro andnanoassemblies
with high precision. A detailedmodel for this electrostaticinteractionis developedand
analyzed. Basedon the resultsof this analysis,dielectrophoreticassemblyprinciplesof
MEMS/NEMS devicesareproposedandexperimentallyveri�ed with microtweezersfor
micro Ni partsandwith nanoelectrodesfabricatedwith electron-beamlithography for car-
bonnanotubeassembly. Thesuccessfulmanipulationandassemblyof singlecarbonnan-
otubes(CNTs) using dielectrophoreticforcesproducedby nanoelectrodeswill lead to a
higherintegrationof CNTsinto bothnanoelectronicsandNEMS.

Schedule:seepage19.

PaperP44 Blind swarmsfor coverage in 2-D

RobertGhrist,Vin deSilva,AbubakrMuhammad

Abstract: We considercoverageproblemsin robotsensornetworkswith minimal sensing
capabilities.In particular, we demonstratethata “blind” swarmof robotswith no localiza-
tion andonly a weakform of distanceestimationcanrigorouslydeterminecoveragein a
boundedplanardomainof unknown sizeandshape.Themethodswe introducecomefrom
algebraictopology.

Schedule:seepage19.
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PaperP45 Auction-BasedMulti-RobotRouting

Michail Lagoudakis,VangelisMarkakis,David Kempe,PinarKeskinocak,Sven Koenig,
AntonKleywegt, CraigTovey, AdamMeyerson,SonalJain

Abstract: Recentlyauctionmethodshave beeninvestigated as effective, decentralized
methodsfor multi-robot coordination. Experimentalresearchhasshown greatpotential,
but hasnot beencomplementedyet by theoreticalanalysis. In this paperwe contribute
a theoreticalanalysisof the performanceof auctionmethodsfor multi-robot routing. We
suggestagenericframework for auction-basedmulti-robotroutingandanalyzeavarietyof
bidding rulesfor differentteamobjectives. This is the �rst time that auctionmethodsare
shown to offer theoreticalguaranteesfor suchavarietyof biddingrulesandteamobjectives.

Schedule:seepage19.

PaperP46 Shape, Motion, and Parameter Estimation of Flexible SpaceStructures using Laser
Range�nders

Matthew Lichter, StevenDubowsky, HiroshiUeno,Shinji Mitani

Abstract: Futurespacemissionsareexpectedto useroboticsystemsto assemble,inspect,
andmaintainlargespacestructuresin orbit. For effectiveplanningandcontrol,robotsmust
know thedeformationsandmotionsof thestructureswith which they interact.This paper
presentsa methodfor estimatingthe shape,motion, anddynamicmodelparametersof a
vibrating spacestructureusingasynchronousraster-scanningrangeimagers.The method
assumesthatthemodeshapesareapproximatelyknown apriori. A Kalman�lter exploitsa
mechanics-baseddynamicmodelto extract themodalfrequenciesanddampingaswell as
themodalcoef�cients andtheir time rateof change.Theoreticaldevelopmentandexperi-
mentalresultsusingemulatedspacehardwarearepresented.

Schedule:seepage20.
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PaperP47 Model-BasedError Correctionfor FlexibleRoboticSurgical Instruments

RyanBeasley, RobertHowe

Abstract: Robotspromiseto enhanceminimally-invasive surgery, but �e xion of the thin
instrumentshaftintroduceserrorinto modelsof therobotkinematics.Visualor electromag-
netic trackingof theinstrumenttip providescorrectforwardkinematics,but uncertaintyin
shaftbendingandport locationleavesresidualerrorsin inversekinematics.Theseerrors
cancauseincorrectmotionsthatprecludetheuseof image-guidancetools. Throughmod-
eling the instrumentshaft as a simply supportedbeam,this paperproposesa controller
to correctthe commandedmotions. Comparisonwith a controllerassuminga rigid shaft
quanti�es motion errorsresultingfrom the rigid shaft controller. Analysis of the �e xed
shaftcontrollershowssensitivity to shaftlength,shaftstiffness,tip force,andsensornoise.

Schedule:seepage20.

PaperP48 DataStructure for Real-TimeProcessingin 3-D

Jean-FrancoisLalonde,NicolasVandapel,Martial Hebert

Abstract: Autonomousnavigation in naturalenvironment,requiresthree-dimensional(3-
D) scenerepresentationandinterpretation.High densitylaser-basedsensingis commonly
usedto capturethegeometryof thescene,producinglargeamountof 3-D pointswith vari-
able spatialdensity. We proposeda terrain classi�cation methodusing suchdata. The
approachrelieson the computationof local featuresin 3-D usinga supportvolumeand
belongs,assuch,to a largerclassof computationalproblemswhererangesearchesarenec-
essary. This operationon traditionaldatastructureis very expensive and,in this paper, we
presentanapproachto addressthis issue.Themethodrelieson reusingalreadycomputed
dataas the terrain classi�cation processprogressesover the environmentrepresentation.
We presentresultsthat show signi�cant speedimprovementusingladardatacollectedin
variousenvironmentswith agroundmobilerobot.

Schedule:seepage20.
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PaperP49 Sigma-MCL:Monte-CarloLocalizationfor MobileRobotswith StereoVision

PantelisElinas

Abstract: This paperpresentsMonte-Carlolocalization(MCL) with a mixture proposal
distribution for mobile robotswith stereovision. We combine�ltering with the ScaleIn-
variantFeatureTransform(SIFT) imagedescriptorto accuratelyandef�ciently estimate
therobot's locationgivena mapof 3D landmarks.Our approachcompletelydecouplesthe
motion model from the robot's mechanicsand is generalenoughto solve for the uncon-
strained6-degreesof freedomcameramotion. We call our approach� MCL. Comparedto
otherMCL approaches� MCL is moreaccurate,withoutrequiringthattherobotmovelarge
distancesandmake many measurements.More importantlyour approachis not limited to
robotsconstrainedto planarmotion. Its strengthis derivedfrom its robustvision-basedmo-
tion andobservationmodels.� MCL is general,robust,ef�cient andaccurate,utilizing the
bestof Bayesian�ltering, invariantimagefeaturesandmultipleview geometrytechniques.

Schedule:seepage20.
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WorkshopW1 WorkshoponSurgical SimulationbasedonReality-BasedSoft-TissueModels
Room32-124

Jaydev P. Desai,Drexel University
DineshK. Pai, Rutgers,theStateUniversityof New Jersey

URL: prism.mem.drexel.edu/desai/SurgicalSimulationWorkshop/

Description: This workshopwill focuson measurementandmodelingof various
typesof tissueinteractionrelevantto surgical trainingandsimulation(suchasprob-
ing, cutting,dissecting,percutaneous,etc.).Researchin measurementof tissueprop-
ertiesfor thedevelopmentof improvedsurgicalsimulatorsandrobot-assistedsurgery
hasblossomedin recentyears.Advancesin computergraphicshaveenabledrealistic
interactive simulationof very largedeformablemodels,dueto dramaticchangesin
commoditygraphicshardwareandthedevelopmentof novel simulationalgorithms.
Theworkshopbringstogetherleadingresearchersin thesetwo �elds. Thepresenta-
tionswill provide an overview of researchresultsneededto develop improvedsys-
temsfor surgicalsimulationandrobot-assistedsurgery. Oneof themaingoalsof this
workshopis to fosterdiscussionamongparticipants,to identify challengingissues,
and to form a consensuson: 1) the primary barriersto developingaccuratetissue
models,2) how tissuemodelsshouldbestructuredfor applicationin robot-assisted
surgery andsurgical simulation,and3) what arethe uniquerequirementsof tissue
modelsthatshouldguidefuturealgorithmdevelopment.
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WorkshopW2 WorkshoponHumanoidManipulation
Room32-G449

AaronEdsinger-Gonzales,MassachusettsInstituteof Technology
EduardoTorres-Jara,MassachusettsInstituteof Technology
PaulFitzpatrick,MassachusettsInstituteof Technology
Lijin Aryananda,MassachusettsInstituteof Technology
LorenzoNatale,MassachusettsInstituteof Technology

URL: groups.csail.mit.edu/lbr/event/rss05/index.shtml

Description: Thisworkshopis aforumto fosterdiscussionamongresearchersabout
the emerging �eld of humanoidmanipulationin which robotssafely coexist with
humansandusefully manipulateobjectsfound in unstructuredandbuilt-for-human
environments.Theworkshopwill focusonthefundamentalresearchquestionsfacing
the�eld, including:

� Perceptionandmanipulationof theunfamiliar.
� Achievementof humanlevel dexterity andsensitivity.
� Biological foundationsin humanmanipulation.

Topics

� Mobile manipulationin built-for-humanenvironments
� Developmentof advancedperceptualsystemsfor unstructuredenvironments
� Minimal-modelapproachesto grasping
� Novel solutionsin sensingandactuation
� Mechanismsfor human-likedexterity
� Developmentof compliantandforcecontrolledmanipulators
� Computationalandneuralmodelsof thehumanmotorsystem
� Advancesin highdensitytactilesensing
� Development,learning,andadaptationfor reachingandgrasping
� Cognitivearchitecturesfor manipulation
� Learningof objectaffordances
� Behavior-basedapproaches
� Review of thestate-of-theart
� Manipulationasasocial,interactiveengagement
� Bimanualandfull-body grasping
� Applicationsof humanoidmanipulation

Researcherswho can lend importantperspectives from critical areassuchas con-
trol systems,machinelearning,industrialmanipulation,MEMS sensors,cognitive-
neuroscience,developmentalpsychology, andcomputationalandneuralmodelsof
humanmotorcontrolarealsostronglyencouragedto participate.
The workshopwill include invited presentations,panel discussions,a video and
postersession,andlive humanoiddemonstrations.Pleasevisit our websitefor de-
tailsonsubmissionandparticipation.
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WorkshopW3 WorkshoponLearningfor Locomotion
Room32-141

JanPeters,Universityof SouthernCalifornia
RussTedrake,MassachusettsInstituteof Technology
StefanSchaal,Universityof SouthernCalifornia

URLs: www-clmc.usc.edu/jrpeters/workshop.html
www.jan-peters.net/Research/LearningForLocomotion

Description: Over the last few decades,therehasbeenan impressive amountof
publishedwork on leggedlocomotion,includingbipedalwalking, running,hopping,
stand-ups,summersaultsandmuchmore.However, despiteall this progress,legged
locomotionresearchhaslargely beendrivenby researchersusinghumaninsightand
creativity in order to generatelocomotioncontrol algorithms. In order to improve
therobustness,energy ef�ciency, andnaturalappearanceof leggedlocomotion,there
maybeasigni�cant advantageto usingmachinelearningmethodsto synthesizenew
controllersandto avoid tediousparametertuning. For instance,it couldbeadvanta-
geousto learndynamicsmodels,kinematicmodels,impactmodels,for model-based
control techniques.Imitation learningcould be employed for the teachingof gaits
patterns,andreinforcementlearningcouldhelptuningparametersof thecontrolpoli-
ciesin orderto improve theperformancewith respectto givencostfunctions.In this
context, wewouldliketo bringtogetherresearchersfrom boththeleggedlocomotion
andmachinelearningin orderto discusswhich locomotionproblemsrequirelearn-
ing, andto identify themachinelearningmethodsthatcanbeusedto solve them.
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WorkshopW4 Self-Recon�gurableRobots/SystemsandApplicationsWorkshop
Room32-D463

Wei-Min Shen,Universityof SouthernCalifornia
Mark Yim, Universityof Pennsylvania
DanielaRus,MassachusettesInstituteof Technology
Eric Klavins,Universityof Washington
Greg Chirikjian, JohnHopkinsUniversity

URL: www.isi.edu/robots/workshop2005/

Description: Self-recon�gurablemodular robotsare metamorphicsystemsthat
canautonomouslychangetheir logical or physical con�gurations(suchasshapes,
sizes,or formations),as well as their locomotionand manipulation,basedon the
missionandtheenvironmentin hand. Becauseof their modularity, versatility, self-
healingability andlow costreproducibility, suchrobotsprovide a �e xible approach
for achieving complex tasksin unstructuredanddynamicenvironments. They are
well suitedfor applicationssuchassearchandrescue,reconnaissance,self-assembly,
inspectionsin hazardousenvironments,andexploration in spaceandocean. They
alsoposefundamentalresearchchallengesfor roboticsandothermajorbranchesof
computerscience,mechatronicsandcontroltheory.
The challengesare due to the dynamic topology of the network of modules,the
limited resource(power, size, torque,precisions,etc.) of individual modules,the
dif�culties in global synchronization,the preclusionof centralizeddecisionmak-
ers, and the unreliability of communicationamongmodules. This workshopwill
presentthe recentprogressin the researchcommunityfor thesechallengingtasks
andtheir real-world applicationsin spaceandotherrelated�elds. We will present
distributedcontrol architectureandalgorithms,discussthe ability of plug-and-play
mechatronicspartsandarbitrarily reshuf�ing modules(body-parts)in systems,dis-
cusstherecenttheoreticaldevelopmentfor self-recon�gurablesystems,analyzethe
hardware/softwarechallengeswe faceto make theserobotsfor multifunctionalap-
plications,andoutlookthefutureof thisexciting researchtopic.
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WorkshopW5 WorkshoponModularFoundationsfor Control andPerception
Room32-144

OdestChadwickeJenkins,Brown University
MonicaNicolescu,Universityof Nevada,Reno
RodericGrupen,Universityof MassachusettsAmherst
RichardAlan PetersII, VanderbiltUniversity

URL: www.cse.unr.edu/monica/Conferences/rsswmfcp05.html

Description: Advancesin the �eld of roboticshave begun to realizesophisticated
robotic platformswith increasinglyricher sensingrequirements.In additionto in-
creasingrobot functionality, roboticsresearchersalsostrive towardsincreasingthe
accessibilityof robotcontrolto greatersegmentsof society. Thebalancingof greater
robot functionality versusgreaterrobot accessibilitycanbe dif�cult. In addressing
theseissues,greateremphasishasbeenplacedtowardscreatingandbuilding upon
basicmodularcomponents.Using neuroscienceand biology as inspiration,such
modulesreduceof the complexity of the control andsensinginterfaceswhile pro-
viding necessaryfunctionality.
More speci�cally, we considera module(or ”primiti ve” or ”behavior”) to encodes
a link betweenperceptionandmotor control. This link furthersthe computational
processthat enablesa robot to achieve or maintaincertaingoals. A basisset of
suchprimitivesis suf�cient, throughvariouscombinationoperators,for generating
the entiremovement/activity repertoireof a robot. As a consequencethe develop-
ment, learningandutilization of suchprimitivesrobot control hasbecomean area
of high interestin high DOF systems(suchashumanoids),learningby imitation or
demonstrationandunderstandingof useractivity or intent.
Theworkshopwill exploremodularfoundationsfor robotcontrolandperceptionand
will addressthreebasicareas:

� developmentandlearningof modularprimitives
� utilizationof modularfoundationsfor bothcontrolandperception
� utilizationof known primitivesfor symbolgroundingin higherlevel methods
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WorkshopW6 RoboticsEducationWorkshop
Room32-D461

JohnLeonard,MassachusettesInstituteof Technology
Una-MayO'Reilly, MassachusettesInstituteof Technology
Nick Roy, MassachusettesInstituteof Technology
DanielaRus(contact),MassachusettesInstituteof Technology
SethTeller, MassachusettesInstituteof Technology

URL: projects.csail.mit.edu/rss/RobotEd/

Description: Roboticsprovides the perfecteducationaltool for introducingstu-
dentsto embeddedsystemsandcomputationfor interactingwith thephysicalworld.
Severaluniversitieshave alreadyintroducedspecialtopicscourseson robotics.The
curriculaandhardwareplatformsfor thesecoursesis quite variedandthe goalsof
the coursesdiffer acrossME, EE, and CS departments.We wish to leveragethis
excellentbodyof knowledgeanddiscusshow to developan integratedapproachto
teachingroboticsthat will train studentssimultaneouslyin in foundationalaspects
of designing,controlling,andprogrammingrobotsandembeddedsystems.Theob-
jective of this workshopis to evaluatethestateof theart for undergraduaterobotics
educationanddiscusshow to build on this experiencetowarda broadintegrationof
roboticsin theundergraduatecurricula.
Our proposedworkshopwill cover topics including: roboticscurricula, hardware
platformsandkits, softwareplatforms,issuesrelatedto integratingEE,ME, andCS
topicsin onecourse,laboratorycurricula,androle of broadchallengesandcompeti-
tionsin thecurricula.
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Author Instructions
Theconferenceproceedingsfor Robotics:ScienceandSystemswill bepublishedasa bookby MIT Press.
The �nal versionof your paperand all other information necessaryfor its publicationwill be due on
June24,2005. Pleaseincorporatefeedbackyoureceivedattheconferenceintoyour�nal submission.Please
readtheseinstructionscarefullyto avoid delayingthepublicationof theproceedings.

1. Title and Authors: If the title or authorsfor your paperhave changedsinceyou submittedyour
informationin January, pleaseemailtheupdatedinformationassoonaspossibleto

submissions-05@cs.umass.edu

using“RSSinfo change< number> ” in thesubjectline, where< number> is your papernumberas
it appearsin thisconferencebooklet.

2. Author AgreementForm: Oneauthormustcompleteandsigntheauthoragreementform, which
appearson page69 of this booklet (also available for download from the Robotics:Scienceand
Systemshomepage).Pleasemail theoriginal,signedauthoragreementform to thefollowing address
by June24,2005:

Robotics:ScienceandSystemsc/oOliverBrock
Departmentof ComputerScience
Universityof MassachusettsAmherst
140GovernorsDrive
Amherst,MA 01003,USA

3. Formatting: Pleaseprepareyour�nal submissionaccordingto theIEEETransactionsformattingre-
quirements.A correspondingLatex class�le canbeobtainedfrom theRobotics:ScienceandSystems
Web site: http://roboticsconference.org/roboticstemplate.tgz.Pleasedo not modify the formatting
provided in these�les. Any changeto font sizes,pagedimensions,line spacing,etc. will delaythe
publicationof your paper. Pleasedo not includeany additionalmarkingssuchas“Draft” or “To ap-
pearin...” on thepages.Paperswill be limited to 8 pages.Robotics:ScienceandSystemsoffersno
provision for accommodatingpapersthatdonotmeettheserequirements.

4. Creating PDF �les: Delaysin theproductionof proceedingsareusuallycausedby thesubmission
of PDF �les thatdid not embedall fonts. Pleasefollow thesesimpleinstructionsto ensurethat the
PDF�le yousubmitdoesnothave thisproblem.
Documentpreparation usingLatex: PleasecreateaPDF�le from yourLatex sourceby usingthe
following commands:

latex paper.tex
dvipspaper.dvi -o paper.ps-t letter-Ppdf-G0
ps2pdfpaper.ps

Theargumentsto thedvipscommandwill ensurethatall fontsareembeddedin thePDF�le produced
by ps2pdf.
Checking the PDF �le: Beforeyousubmityour �le, pleaseopenit in AcrobatReader. In themenu
“File” under“DocumentProperties”you can�nd informationabout“Fonts.” Your documentshould
only containType-1fonts. If you followedtheinstructionsabove,but yourdocumentscontainsother
typesof fonts, they may have beenincludedaspart of �gures. Pleaseensurethat your submission
only containsType-1fonts. If you experiencedif�culties creatingPDF �les that comply with this
requirement,pleasesendemailto submissions-05@cs.umass.eduprior to thedeadline.

5. Submission: Pleasesubmityourpaperby June24,2005,9pmGMT usingthelink

http://robotics-conference.confmaster.net

Wearelooking forwardto receiving your �nal submission!
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Author Checklist

� Revisedpaperuploadedvia theconferencesubmissionsoftware

� Authoragreementform signedandmailedto OliverBrockvia physicalmail.

� If title or authorshavechanged,notify submissions-05@cs.umass.edu

Pleasenote: We reservetheright not to publishacceptedpapers if all informationis not receivedby June
24,2005.Wewill alsoexcludepapers that violateour formattingguidelines.

Deadlineis June24,2005.
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ContributingAuthors' Letterof Agreement
(mustbecompletedby contactauthor, oneperpaper)

Title of article:

Author(s):

For thepurposeof publicationof theabovearticlein thebooktentatively entitled

Robotics:ScienceandSystems1

I dowarrantthatwearethesoleauthorsexceptfor thoseportionsshown to bein quotations;

I authorizeTheMIT Pressto publishthearticleandto claim copyright in thebookin which it is published
for all editions,to licensetranslationsof thearticleaspartof translationsof thebookasa whole,andalso
to licensenonexclusively reprintsandelectronicpublicationsof thearticle;

I authorizeRobotics:ScienceandSystemsandits organizersto publishthearticlein electronicform on the
World WideWebor its electronicsuccessor.

I appointtheeditorasouragentin everythingpertainingto thepublicationof thearticlein thisbook;

I agreeto readproof if requestedto dosoandotherwiseto cooperateto theendof publication;

And I con�rm thatthearticledoesnot violatecopyright or otherproprietaryright, that it containsno mate-
rial that is libelousor in any way unlawful, that it hasnot previously beenbeenpublished,in thewholeor
in part,exceptasI haveadvisedtheeditorin writing, andthatI will notnow publishthearticlein any other
editedvolumewithout theconsentof TheMIT Press.

With this lastexception,weretaintheright to usethematerialin thearticlein any otherwriting of ourown,
whetherin articleor bookform.

Signature:

Date:

Address:
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Robotics: Scienceand Systems2006
The2006conferenceRobotics:ScienceandSystemswill take placeat theUniversityof Pennsylvaniaand
is tentatively scheduledto occurAugust16th to 19th, 2006. The conferencewill be chairedby Gaurav
SukhatmeandStefanSchaal from USC.TheProgramChairof Robotics:ScienceandSystems2006will be
WolframBurgard from theUniversityof Freiburg, Germany.

Furtherannouncementwill bemadeat theconference'spermanentWebsite.
www.roboticsconference.org

A Word On Philosophy

Robotics:ScienceandSystemsis a singletrack,highly selective annualconferencethatseeksto showcase
the very bestresearchin roboticstoday. The conferenceis new, and the organizersareeagerto receive
suggestionsandto recruitvolunteerswhomightbeinvolvedin yearsto come.In many ways,this is a“grass
root” movementinsiderobotics.If this endeavor is to succeed,thenit will succeedthroughtheenthusiasm
of many many peoplein the�eld of robotics.

Herearedesigncriteriafor Robotics:ScienceandSystems2005.

� Reviewing is double-blind.Efforts weretaken to ensurethat reviewer would provide detailedcom-
mentsbackto the authors. In future years,we areconsideringaddinga “rebuttal phase”in which
authorscancommenton reviewsbeforetheareachairsmake their �nal decisions.

� Peoplein theorganizationalstructurerevolverelatively quickly! Areachairsareexpectedto servefor
nomorethantwo years,to ensureaproperinfusionof new talentinto themaindecisionmakingbody.
Otherexecutivepositionshaveaoneyeartermlimit.

� ThePCchair(s)hasauthorityovercomposingthePCandtheselectionof papersandinvitedspeakers.
Theprogramchairwill becomethegeneralchairin thenext year, to ensurecontinuity. We anticipate
thatfutureRobotics:ScienceandSystemswill only haveasingleprogramchair.

� Thethresholdfor acceptingposterandoralpresentationis identical.As in the�nal proceeding,there
will not be any distinctionbetweenoral andposterpresentations.In particular, noneof the chairs
(generalchairs,programchairs,areachairs)wereeligible for anoral presentation.Acceptedpapers
wereautomaticallyassignedto thepostersession.

� In composingthe conferenceprogram. we apply no biaswith regardsto the geographicorigin of
a paper;we apply no bias with regardsto gender, ethnicity, sexual orientation,and variousother
criteria. Instead,all selectiondecisionsarepurely basedon the quality of a potentialcontribution.
Thedecisionsarebasedon thescienti�c contributionsof asubmission.Unfortunately, thenumberof
submissionsbetweenthe threeprimary regions(Europe,Asia, Americas)washighly unbalancedin
2005,andasa resultso is the �nal program.We would love to changethat anddraw in peopleall
aroundtheglobe.

� Theconferenceis heldatauniversityto reducetheoverall cost.Theorganizationalboardmakeszero
pro�t; in fact, in all likelihoodsomeof the organizerswill subsidizethe meetingout of their own
discretionalfunds.Webelieve low costsareessentialto enablestudentsto participate.

� Theconferenceis co-sponsoredby theIEEERoboticsandAutomationSociety. As aresult,theIEEE
hasadvertisedthemeetingsthroughvariouschannels.We anticipatethat this conferencewill not be
adoptedby any of the major professionalorganizationsin the �eld, but would like to continueour
goodworking relationshipswith theIEEE.
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