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Conferencelnformation

Thetechnicalsessiong8:15am-5pmill occurin theKirsch Auditorium, Room32-123.

Thepostersessiong7pm-10pm)will occurin theR&D CommonAreaonthefourth oor.




Registration

TheConferencédeskwill bewill bestafedfor registrationandinformationservicesonthe rst oor lobby
of theRayandMaria StataCenter(building 32) on thefollowing schedule:

WednesdayJune8 8:00AM to 5:00PM
ThursdayJune9 8:00AM to 5:00PM
Friday JunelO 8:00AM to 4:.00PM

Duringthesehours thefollowing numbeiis availablefor incomingmessages17-324-5544Uponreceipt,
messagewill be postedon the messagéoard,which will be locatednearthe ConferenceDesk. If the
messagés of anurgentnature every effort will be madeto bringit to your attentionimmediately

Lunch and Dinner Breaks

Lunchhasbeenscheduledlaily from roughly12:00to 1:30PM, anddinnerfrom 5pmto 7pmonWednesday
June8thandThursdayJunedth. A list of somelocalareadiningvenueswill beavailablein yourregistration
paclet,includingmary cafeteriascafes restaurantandfood truckswithin andaroundthe MIT campus.

Poster Receptions

Postersessions/receptiondll beheldin theRayandMaria StataCenterin thefourth oor R&D Common
AreaonWednesdayrom 7:00to 10:00PM andon Thursdayfrom 7:00to 10:00PM. Light horsd'oeuvres
anda cashbarwill be offered.

Poster Presenters

If you arepresentinga poster pleasanalke suretheposteris readyby thetime the postersessiorstarts.The
posterboardswill beavailablein theR&D CommonAreafor mountingpostersafter 12 noonon eachday.
We will provide pushpins for mountingposters.Pleasedo not useary othermaterialfor mountingyour
poster(e.g.,adhesie or tape).Pleasdake down your posterattheendof the eveningif youwishto keepit.
If you arepresentinga spotlight,your two Paverpointslideswill be pre-loadedn our conferencdaptop.
We will unableto switchlaptopsin this session—-ro exceptions The spotlightCzaris WolframBurgard. If
you failedto sendyour slidesto the conferencesrganizersby Junel but would still like to presentplease
seetheregistrationdeskASAP.

Banquet

On Friday, 10 June therewill be a conferencéanquetat the JohnF. KennedyLibrary andMuseum.The
banqueis includedin theregistrationfee: your badgeis your banqueticket, sopleaseensurahatyou have
your badgewhenboardingthe bus. Additional guestsmusthave their guestticket that accompaniedhe
attendees registration.

If you requestedh vegetarianmeal,aticket will be putin the backof your badge.Pleasepresentt to the
wait staf atthedinner

Transportationo thebanquetvill be provided,andbuseswill departfrom the StataCenterentranceclosest
to the cornerof VassarmndMain Streetsat 5:15PM. At the endof the eveningbuseswill departfrom the



JFK anddrop off atthe Holiday Inn Select,Hotel Kendall, AmherstStreet(for thosestayingon campus)
andatthe StataCenter

Pleaseanote:In the stateof Massachusettyou mustbe 21 yearsof ageor olderto legally consumealcohol,
andproperidenti cation is required.

Driving: If youaredriving from MIT to the banquettake the Longfellow Bridgeto Storrov Drive. Take
Storrav Drive eastto the [-93S. Take Exit 15, follow signsto the University of Massachusettand JFK
Library.

We arepleasedo announcehatthe ConferencdBanquetis co-sponsoretly Microsoft Research.

Wir elessnstructions

Therearetwo wirelessnetworks availablein the StataCenter ESSIDStataCenter andMIT. TheMIT

network requiresguestdo registerthemseles,andtakes10 minutesfor their registrationto becomeactie,
but is campus-wideThe StataCentenetwork providesconnectvity moreor lessinstantly but is localized
to the StataCenterbuilding. Thekiosksin thelobby of the StataCenterareresenedfor MIT studentuse.

Freelnternetaccesss, however, availablein the MIT libraries.

Dormitory Check-In

Conferencegarticipantsvho areregisteredfor accommaodatiomn on-campudiousingshouldpick up their
roomkeys at their assigneddormitory If you have ary questionsaboutMIT housingassignmentsplease
seethestaf atthe Conferencédesk.

Parking

Thereis no conferencegparkingavailableonthe MIT campusPublicparkingis availablein the garagenext
to the CambridgeMarriott Hotel at 4 CambridgeCenter onthecornerof AmesStreetandBroadway andin
thegaragdocatednext to the University Park hotel off of Massachusettavenueon 20 Sidney Street.There
is alsoa smallpubliclot onthecornerof VassaiStreetandMassachusett8venue.Ratesareapproximately
$20.00perday.

Public Transportation

Therearea numberof trainsandbuseswhich provide public transportatiorio the Cambridge/Bostoarea.
The No. 1 bus stopsat MIT' s main entrancg(77 Massachusettdvenue),and provides serviceto Harard
Squareand downtown Boston. The CT1 bus departsfrom CentralSquareand also stopsat MITs main
entrance.The CT2 bus departsfrom Kendall Squareand stopsat the cornerof Vassarand Massachusetts
Avenue. Bus fareis $0.90eachway, and exact changeis required. The MBTA RedLine providestrain
serviceto the MIT areavia stopsat CentralSquarelon Massachusett&venue)andKendall/MIT (on Main
Street). Both stopsareapproximatelya 10-minutewalk to the conferencesite. Subway fareis $1.25each
way, andtokensmay be purchasedt mostsubway stations. Most public transportatiorsystemsun be-
tweenthe hoursof 6:00AM and12:30AM. Youmay nd outmoreinformation,includinginformationon
purchasingvisitor passatthe MBTA website: http://wwwmbta.com



Taxis

Taxisareavailableduringthedayat 77 Massachusettavenue(MIT' s mainentrancepr in KendallSquare
outsidethe Marriott Hotel. You may alsocall AmbassadoBrattle Cab,a 24-hourtaxi service,by dialing
3-2301from arny campudelephone.

Medical Sewices

If youneedurgentmedicalassistancghile on campusgdial 100from any campudelephoneandyour call
will be answeredby MIT's CampusPolice at ary time of the day or night. MIT's Medical Department
is locatedin Building E23 on CarletonStreet;the telephonenumberof their Emeigengy Care Sectionis
253-1311 MIT Medicalis notavailablefor routinecare.

Smoking Policy

In accordancewith the City of Cambridges smokingordinance,smokingis prohibitedin all academic,
administratve andservicebuildingson campus.

The organizersof Robotics: Scienceand Systemsgratefully acknavledge the sponsorshipf Microsoft
Researclandtheassistancef Stavart Tanslg of the University RelationsGroupat Microsoft Research.
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TechnicalProgram At-A-Glance

\ WednesdayJune 8th |
8:15-8:30  OpeningRemarks

8:30-9:20 Invited talk: Biological Inspirationin the Designof Legged RoboticsArti cial Muscles
andFeetby Bob Full, University of Californiaat Berkeley

9:40-11:10 TechnicalSession
11:10-12:00 Invited talk: LearningTo Usea Bodyby Geof Hinton, University of Toronto

1:30-2:20 Invited talk: ComputerVision: Redoingit as a Gigantic Seach Problemby Takeo
Kanade Carngjie Mellon University

2:20-3:25 TechnicalSession
3:45-4:50 TechnicalSession
7:00-10:00 PosterSession

\ Thursday, June 9th |
8:30-9:20 Invited talk: Multimodal SensofFusionin Man andMachine by Heinrich Bulthoff, MPI
for Biological Cybernetics

9:40-11:10 TechnicalSession

11:10-12:00 Invited talk: ConnectingBrain and Humanoidsy ComputationaNeuoscienceby Mit-
suoKawato,ATR

1:30-2:20  Invited talk: ProgrammingWork by DanKoditschekUniversity of Pennsylania
2:20-3:25  TechnicalSession

3:45-4:50  TechnicalSession

7:00-10:00 PosterSessionl

\ Friday, June 10th |
8:30-9:20  Invited talk: Suigery SimulationWth GeometricPhysical,andPhysiolaical Modelsby
NicholasAyache INRIA

9:20-10:10 TechnicalSession
10:30-11:20 Invited talk: Creatinga DNA World by Erik Winfree, Californialnstituteof Technology
11:20-12:10 TechnicalSession

1:30-2:20  Invited talk: Socially Interactive RobotsThat Assist,Entertain, and Learn by Cynthia
BreazealMIT

2:20-3:10  TechnicalSession
3:30-4:20  TechnicalSession
4:30-5:00  Opensessiorfor conferenceplanning and feedback

7:00-10:00 ConferenceBanquet
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Technical SessionsWednesdayJune 8th, AM
Kirsch Auditorium, Stata Center (32-123)

8:15-8:30  OpeningRemarks
Sebastiamhrun

8:30-9:20 Invited talk: Biological Inspirationin the Designof Legged RoboticsArti cial Muscles
andFeet
Bob Full, University of Californiaat Berkeley
SessiorChair: KenGoldbeg

9:20-9:40 Break

9:40-11:10 PO1: InteractingMarkov Randontfieldsfor Simultaneou3errain ModelingandObstacle
Detection(seepage25)
Carl Wellington, AaronCourville, Tony Stentz

P02: ActiveLearningfor OutdoorObstacleDetection(seepage25)
CristianDima, Martial Hebert

P03: DynamicMapsfor Long-TermOpeiation of Mobile ServiceRobotyseepage26)
PeterBiber, Tom Duckett

SessiorChair: JohnLeonard

Poster Spotlights

P08: Visually Navigatingthe RMSTitanic with SLAMInformationFilters
RyanEustice HanumaniSingh,JohnLeonard Matthev Walter, RobertBal-
lard

P09: InformationGain-basedExploration Using Rao-Bla&wellizedParticle
Filters

Cyrill Stachniss@iorgio Grisetti, Wolfram Burgard

P10: PerformanceBoundsfor Coopeative Simultaneoud.ocalizationand
Mapping(C-SLAM)

AnastasiodMourikis, Stegios Roumeliotis

P11: Ef cient Exploration With LatentStructue

Bethary Lef er, MichaelLittman, AlexanderStrehl, ThomasWalsh

P12: Curvesof StationaryAcceleation

JonSelig

11:10-12:00 Invited talk: LearningTo Usea Body
Geof Hinton, University of Toronto
SessiorChair: MichaelLittman

12:00-1:30 Lunch
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Technical SessionsWednesdayJune 8th, PM
Kirsch Auditorium, Stata Center (32-123)

1:30-2:20 Invited talk: Computenision: Redoingt asa Gigantic Seach Problem
TakeoKanade Carngjie Mellon University
SessiorChair: Vijay Kumar

2:20-3:25 PO04: StarshapedRoadmaps A DeterministicSamplingAppmoad for CompleteMotion
Planning(seepage26)
Gokul VaradhanpPineshManocha

PO5: CompletePath Planning for Planar Closed Chains among Point Obstacles(see
page27)

Guanfend.iu, Jef Trinkle

SessiorChair: Lydia Kavraki

Poster Spotlights
P13: A polynomial-timealgorithm to designpushplansfor sensorlesparts
sorting
Mark de Berg, Xavier Goaoc Frankvander Stappen
P14: Ef cient Motion PlanningBasedon Disassembly
Yuandongyrang,Oliver Brock
P15: Toward Optimal Con guration SpaceSampling
BrendanBurns,Oliver Brock
P16: Natural Gait Geneation Techniquesfor Principally KinematicMedan-
ical Systems
Elie ShammasHowie ChosetAlfred Rizzi
P17: ATwo-Roint Boundary-¥lue Approad for PlanningManipulationTasks
PengSong,Vijay Kumar Jong-ShiPang

3:25-3:45 Break

3:45-4:50 PO06: Msion-basedDistributed Coorination and Flocking of Multiagent Systemgsee
page27)
Nima Moshtagh Ali JadbabaiekostasDaniilidis
PO7: FormationStabilizationof Multiple AgentsUsingDecentalizedNavigationFunctions
(seepage28)
HerbertTanner Amit Kumar
SessiorChair: Gaura Sukhatme

Poster Spotlights
P18: DynamicTaskAllocationin RobotSwarms
JamedMcLurkin, Daniel Yamins
P19: Microrobotic StreakSeeding-or Protein Crystal Growth
AtanasGeogiev, PeterAllen, Ting Song,Andrew Laine, William Edstrom,
JohnHunt
P20: SingleActuatorContmwol of a 3DOF HoppingRobot
CherouvimNicholas,Papadopoulog&vangelos
P21: Modeling Complex Contactsinvolving DeformableObjectsfor Haptic
and GraphicRendering
Qi Luo, JingXiao
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Poster Session: WednesdayJune 8th

R&D Common Area,Fourth oor, StataCenter

7:00-10:00 PO08: Misually Navigatingthe RMSTitanic with SLAMInformationFilters (seepage28)
RyanEustice HanumantSingh,JohnLeonard Matthev Walter, RobertBallard

P09: Information Gain-basedExploration Using Rao-Bla&wellizedParticle Filters (see
page29)
Cyrill StachnissGiorgio Grisetti, Wolfram Burgard

P10: PerformanceBoundsfor Coopeative Simultaneoud.ocalizationand Mapping (C-
SLAM)(seepage29)
AnastasiodMourikis, Stegios Roumeliotis

P11: Ef cient Exploration With LatentStructue (seepage30)
Bethary Lef er, MichaelLittman, AlexanderStrehl, ThomasWalsh

P12: Curvesof StationaryAcceleation (seepage30)
JonSelig

P13: A polynomial-timealgorithm to designpushplansfor sensorlesparts sorting (see
page3l)
Mark deBerg, Xavier Goaoc FrankvanderStappen

P14: Ef cient Motion PlanningBasedon Disassemblyseepage31)
Yuandongyvang,Oliver Brock

P15: Toward Optimal Con guration SpaceSampling(seepage32)
BrendarBurns,Oliver Brock

P16: Natural Gait Geneation Techniquesfor Principally KinematicMedanical Systems
(seepage3d?)
Elie ShammasHowie ChosetAlfred Rizzi

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

P18: DynamicTaskAllocationin RobotSwarmgseepage33)
JamesMcLurkin, Daniel Yamins

P19: Microrobotic StreakSeedind-or Protein Crystal Growth (seepage34)
AtanasGeogiev, PeterAllen, Ting Song,Andrew Laine, William Edstrom JohnHunt

P20: SingleActuatorContmwl of a 3DOF HoppingRobot(seepage34)
CherouvimNicholas,Papadopoulog&vangelos

P21: Modeling Comple Contactslnvolving DeformableObjectsfor Haptic and Graphic
Renderingseepage35)
Qi Luo, JingXiao
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Technical SessionsThursday, June 9th, AM
Kirsch Auditorium, Stata Center (32-123)

8:30-9:20 Invited talk: Multimodal SensorFusionin Man andMachine
HeinrichBulthoff, MPI for Biological Cybernetics
SessiorChair: Martin Buehler

9:20-9:40 Break

9:40-11:10 P22: ThreeDimensionalStohasticRecon gumation of Modular Robots(seepage35)
Paul White, Victor Zykov, JoshBongard,Hod Lipson

P23: On Correlating Sonarimages(seepage36)
RichardRikoski, JamesCobb,DanielBrown

P24: Squae RootSAM(seepage36)
FrankDellaert

SessiorChair: BenKuipers

Poster Spotlights

P29: RobotPlanningin Partially ObservableContinuousDomains
JosepPorta,Matthijs SpaanNikos Vlassis

P30: Path Planningfor DeformableRobotsn Comple Environments
RussellGayle,William Segars,Ming Lin andDineshManocha

P31: Motion Planningin the Presencef Drift, UnderactuationandDiscrete
SystenChanges

Andrew Ladd,Lydia Kavraki

P32: BioCD : efcient self-collisionand distancecomputationn highly ar-
ticulatedmolecularmodels

VicenteRuiz de Angulo, JuanCortes,Thierry Simeon

P33: An RRTFBasedAlgorithmfor Testingand Validating Multi-RobotCon-
trollers

Jongwoo Kim, JoelEspositoVijay Kumar

11:10-12:00 Invited talk: ConnectingBrain and Humanoidsy ComputationaNeuioscience
Mitsuo Kawato,ATR
SessiorChair: Sebastiamhrun

12:00-1:30 Lunch
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Technical SessionsThursday, June 9th, PM
Kirsch Auditorium, Stata Center (32-123)

1:30-2:20

2:20-3:25

3:25-3:45

3:45-4:50

Invited talk: ProgrammingWork
DanKoditschekUniversity of Pennsylhania
SessiorChair: Al Rizzi

P25: Topolagical Mappingwith Multiple Visual Manifolds(seepage37)
Greg Grudic,JaneMulligan

P26: ScalingHard \ertical Surfacesvith CompliantMicrospineArrays(seepage37)
Alan Asbeck,Sangba&im, William R. ProvancherMicheleLanzettaM.R. Cutkosky

SessiorChair: Nick Roy

Poster Spotlights

P34: RoadmaBasedPursuit-Evasiorand Collision Avoidance

Volkanlsler, DengfengSunandShankaiSastry

P35: Single-ClusteSpectal GraphPartitioning for RoboticsApplications
Edwin Olson,Matthenv Walter, SethTeller, JohnLeonard

P36: AdaptiveRoadFollowing using Self-Supervisetlearning and Reverse
Optical Flow

David Lieb, Andrew Lookingbill, Sebastiaihrun

P37: Optimal SensingStrategies for Mobile Robot Formations: Resouce-
ConstainedLocalization

AnastasiodMourikis, Stegios Roumeliotis

P38: DiscriminativeTraining of KalmanFilters

Pieter Abbeel, Adam Coates,Michael Montemerlo, Andren Ng, Sebastian
Thrun

Break

P27: Multi-robot Simultaneoud.ocalizationand Mapping using AcausalParticle Filters
(seepage38)
Andrew Howard

P28: DatadrivenMCMC for Appeaance-basedopolagical Mapping(seepage38)
AnanthRangnathanFrankDellaert

SessiorChair: SvenKoenig

Poster Spotlights

P39: Time Compleity of Con ict-FreeVehicleRouting

Vikrant SharmaEmilio Frazzoli,PetrosVoulgaris

P40: The Stability of PointmassHoppess with Varying Morphology and Mini-
mal Feedbak

JustinSeipel
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Poster Sessionl: Thursday, June 9th

R&D Common Area,Fourth oor, StataCenter

7:00-10:00 P29: RobotPlanningin Partially ObservableContinuousDomains(seepage39)
JosePorta,Matthijs SpaanNikosVlassis

P30: Path Planningfor DeformableRobotsin Comple Environmentgseepage39)
RussellGayle,William Segars,Ming Lin andDineshManocha

P31: Motion Planning in the Presenceof Drift, Undemactuation and Discrete System
Changes(seepaged0)
Andrew Ladd,Lydia Kavraki

P32: BioCD: efcient self-collisionanddistancecomputatiorin highly articulatedmolec-
ular modelqseepage40)
VicenteRuiz de Angulo, JuanCortes, Thierry Simeon

P33: An RRTBasedAlgorithm for Testingand Validating Multi-Robot Contmwllers (see
page41)
Jongwoo Kim, JoelEspositoVijay Kumar

P34: RoadmamBasedPursuit-Evasiorand Collision Avoidance(seepage4 1)
Volkanlsler, DengfengSunandShankaiSastry

P35: Single-ClusteSpectal Graph Partitioning for RoboticsApplications(seepage4?2)
Edwin Olson,Matthenv Walter, SethTeller, JohnLeonard

P36: AdaptiveRoadFollowing using Self-Supervisetearningand Reverse Optical Flow
(seepaged?)
David Lieb, Andrew Lookingbill, Sebastiarmhrun

P37: Optimal Sensingstrategiesfor Mobile RobotFormations: Resouce-ConstainedLo-
calization(seepage43)
AnastasiodMourikis, Stegios Roumeliotis

P38: DiscriminativeTraining of KalmanFilters (seepage43)
PieterAbbeel,Adam CoatesMichaelMontemerlo,Andren Ng, SebastiarThrun

P39: Time Compleity of Con ict-FreeVehicleRouting(seepaged4)
Vikrant SharmaEmilio Frazzoli,PetrosvVoulgaris

P40: The Stability of PointmassHoppes with Varying Morpholagy and Minimal Feedbak
(seepagedq)
JustinSeipel

P41: Optimaldesignof robots(seepage45)
Jean-PierrdMerlet
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TechnicalProgram: Friday, June 10th, AM
Kirsch Auditorium, Stata Center (32-123)

8:30-9:20

9:20-10:10

10:10-10:30

10:30-11:20

11:20-12:10

12:10-1:30

Invited talk: Sugery SimulationWith Geometric Physical,and Physiol@ical Models
NicholasAyache INRIA
SessiorChair: JohnHollerbach

P42: Biologically Inspired Miniature Water Strider Robot(seepage45)
Steve H. Suhr SangJunLee, Yun SeongSong,Metin Sitti

P43: Micro and NanooboticAssemblyJsing Dielectiophoesis(seepage46)
ArunkumarSubramaniarBarmeshwar VikramadityaLixin Dong,Dominik Bell, Bradley
J.Nelson

SessiorChair: Oliver Brock
Break

Invited talk: Creatinga DNA World
Erik Winfree, Californialnstituteof Technology
SessiorChair: DanielaRus

P44: Blind Swarmdor Coverage in 2-D (seepage46)
RobertGhrist, Vin de Silva, AbubakrMuhammad

P45: Auction-BasedMulti-RobotRouting(seepage47)
Michail LagoudakisVangelisMarkakis,David Kempe,PinarKeskinocak SvenKoenig,
Anton Kleywegt, Craig Tovey, Adam Meyerson,SonalJain

SessiorChair: StenSchaal

Lunch
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TechnicalProgram: Friday, June 10th, PM
Kirsch Auditorium, Stata Center (32-123)

1:30-2:20

2:20-3:10

3:10-3:30

3:30-4:20

4:30-5:00

6:00-9:00

Invited talk: SociallyInteractiveRobotsThatAssist,Entertain,andLearn
CynthiaBreazealMIT
SessiorChair: Oliver Brock

P46: Shape Motion, and ParameterEstimationof Flexible SpaceStructuesusingLaser
Range nders (seepaged?)
Matthew Lichter, Steven Dubowsky, Hiroshi Ueno,Shinji Mitani

P47. Model-BasedError Correction for Flexible Robotic Sugical Instruments(see
page48)
RyanBeaslg, RobertHowe

SessiorChair: Jef Trinkle
Break

P48: Data Structue for Real-Tme Processingn 3-D (seepage48)
Jean-Francoikalonde,NicolasVandapelMartial Hebert

P49: Sigma-MCL:Monte-CarloLocalizationfor Mobile Robotswith Steeo Mision (see

page49)
PantelisElinas

SessiorChair: Greg Dudek

Opensessiorfor conferenceplanning and feedback
SessiorChairs: Gaura SukhatmeandStefan Schaal

ConferenceBanquet
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Workshop Program: Saturday, June 11th

W1 Wbrkshopon Sumgical Simulationbasedon Reality-Basedoft-TssueModels(seepages4)
Room32-124

Jayde P. Desai,Drexel University
DineshK. Pai, Rutgersthe StateUniversity of New Jersg

W2 Wbrkshopon HumanoidManipulation(seepageb5s)
Room32-G449

AaronEdsingerGonzalesMassachusettsistituteof Technology
EduardoTorres-JaraiMassachusettsstituteof Technology

Paul Fitzpatrick,Massachusettsistituteof Technology

Lijin AryanandaMassachusettsistituteof Technology
LorenzoNatale,Massachusettsstituteof Technology

W3 Wobrkshopon Learningfor Locomotion(seepage56)
Room32-141

JanPetersUniversity of SouthernCalifornia
RussTedrale, Massachusettsistituteof Technology
Stefan Schaal University of SouthernCalifornia

W4  Self-Recon guable Robots/Systenand ApplicationsWorkshop(seepages7)
Room32-D463

Wei-Min Shen University of SouthernCalifornia
Mark Yim, University of Pennsylania
DanielaRus,Massachusettdastituteof Technology
Eric Klavins, University of Washington

Greay Chirikjian, JohnHopkinsUniversity

W5  Wbrkshopon Modular Foundationgor Control and Perception(seepage58)
Room32-144

OdestChadwicle Jenkins Brown University
MonicaNicolescu,University of Nevada,Reno
RodericGrupen,University of Massachusett&mherst
RichardAlan Peterdl, VanderbiltUniversity

W6 RoboticsEducationWbrkshop(seepage59)
Room32-D461

JohnLeonard Massachusettdastituteof Technology
Una-MayO'Reilly, Massachusettdastituteof Technology
Nick Ray, Massachusettdastituteof Technology
DanielaRus(contact) Massachusettdastituteof Technology
SethTeller, Massachusettdastituteof Technology
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PaperP01

PaperP02

Interacting Markov RandomFields for SimultaneousTerrain Modeling and Obstacle
Detection

Carl Wellington,AaronCourville, Tony Stentz

Abstract: Autonomousnavigation in outdoorervironmentsis dif cult becausevailable
sensorgnake very indirect measurementsn quantitiesof interestsuchasthe supporting
groundheightandthe location of obstacles.We introducea terrain modelthat includes
spatial constraintson thesequantitiesto exploit structurefound in outdoordomainsand
useavailablesensodatamoreeffectively. The modelconsistof multiple Markov random
elds thatincorporateneighborhoodnteractionsand imposea prior on smoothground,
gentlychangingvegetationheight,andclasscontinuity TheseMarkov random elds inter-

actthrougha hiddensemi-Marlov modelthat enforcesa prior on the vertical structureof

elementdn the ervironment. The systemhashbeentrainedandtestedusingreal datafrom

an agriculturalsetting. Resultsshawv that exploiting the 3D structureinherentin outdoor
domainssigni cantly improvesgroundestimatesandobstacledetectioraccurag.

Scheduleseepagel3.

ActivelLearningfor OutdoorObstacleDetection
CristianDima, Martial Hebert

Abstract: Learninghasanimportantrole in the advanceof autonomousutdoornaviga-
tion. Becausesupervisedearningis necessaryor mary outdoorobstacledetectiontasks,
labeling databecomesan issuewhen large scalelearningproblemsare approached.We
believe thatautomatidmageselectionfor labelingis necessarandproposeto employ ac-
tive learningtechniquego reducethe amountof labelingrequiredfor learningfrom a data
set.We testseveralstandardactive learningmethodson multiple realisticdatasetscaptured
with a robotic vehicle. Extensve experimentswith seseral featuresets,datasetsandini-
tialization methoddeadus to the conclusionthat active learningcanprovide a very good
solutionto the problemof reducinglabelingefforts in the outdoorperceptiordomain.

Scheduleseepagel3.
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PaperP03

PaperP04

DynamicMapsfor Long-TermOpemation of Mobile ServiceRobots
PeterBiber, Tom Duckett

Abstract: This paperintroducesadynamicmapfor mobilerobotsthatadaptscontinuously
over time. It resohesthe stability-plasticitydilemma(the trade-of betweermadaptatiorto
new patternsand preseration of old patterns)y representinghe ervironmentover mul-
tiple timescalesimultaneously5 in our experiments).A sample-basedepresentationns
proposedwhereolder memoriesfadeat differentratesdependingon the timescale. Ro-
bust statisticsare usedto interpretthe samples. It is shavn that this approachcantrack
both stationaryandnon-stationarglementof the environment,coveringthefull spectrum
of variationsfrom moving objectsto structuralchanges.The methodwas evaluatedin a
ve weekexperimentin a real dynamicernvironment. Experimentaresultsshav thatthe
resultingmapis stableimprovesits quality overtime andadaptdo changes.

Scheduleseepagel3.

Starshaped Roadmaps- A Deterministic Sampling Approad for Complete Motion
Planning

Gokul VaradhanPineshManocha

Abstract: We presentisimplealgorithmfor completemotionplanningusingdeterministic
sampling.Our approactrelieson computinga starshapedoadmapof the free space.We
partition the free spaceinto starshapedregions suchthat a single point called the guard
canseeevery pointin the starshapedegion. Theresultingsetof guardscapturetheintra-
region connectvity. We capturetheinter-region connectity by computingconnectorghat
link guardsof adjacentregions. We usethe guardsand connectorgo constructa star
shapedoadmapf thefreespace We presentinef cient algorithmto computeheroadmap
in a deterministicmannerwithout computingan explicit representationf the free space.
Moreover, we shawv thatthe starshapedoadmaypcapturesheconnectvity of thefreespace
while providing sufcient informationto performcompletemotionplanning.Ourapproach
is relatively simple to implementfor robotswith translationaland rotational degreesof
freedom(dof). We highlight the performanceof our algorithmon challengingscenarios
with narrav passagesr whenthereis no collision-freepathfor low-dof robots.

Scheduleseepagel4.
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PaperP05 CompletePath Planningfor Planar ClosedChainsAmongPoint Obstacles

PaperP06

Guanfend.iu, Jef Trinkle

Abstract: A methodto computeanexactcell decompositiorandcorrespondingonnecty-

ity graphof thecon guration spacgC-spacepf a planarclosedchainmanipulatormoving

amongpoint obstacless developed.By studyingthe global propertiesof the loop closure
andcollision constraintset,a cylindrical decompositiorof the collision-freeportion of C-

space(C-free)is obtainedwithout translatingthe constraintdnto polynomialsasrequired
by Collins' method.Oncethe graphis constructedmotion planningproceedsn the usual
way; graphsearchfollowed by path construction. Experimentalresultsdemonstratéhe
effectivenesf thealgorithm.

Scheduleseepageld.

Vision-baseistributedCoominationand Flocking of Multiagent Systems
Nima MoshtaghAli JadbabaiekostasDaniilidis

Abstract: We proposea biologically inspired,distributed coordinationschemebasedon
nearest-neighbointeractionsfor a setof mobile kinematicagentsequippedwith vision
sensors. It is assumedhat eachagentis only capableof measuringthe following three
gquantitiesrelative to eachof its nearesnheighborqasde ned by a proximity graph):time-
to-collision, a singleoptical o w vectorandrelative bearing. We prove thatthe proposed
distributedcontrollaw resultsin alignmentof headingsand ocking, evenwhenthetopol-
ogy of the proximity graphrepresentingheinterconnectiorthangeswvith time. It is shavn
thatwhenthe proximity graphis "jointly connected

Scheduleseepagel4.
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PaperP07 FormationStabilizationof Multiple AgentsUsing DecentalizedNavigationFunctions

PaperP08

HerbertTanner Amit Kumar

Abstract: Wedevelopdecentralized¢ooperatie controllerswhicharebasednlocal navi-
gationfunctionsandyield (almost)globalasymptoticstability of agroupof mobileagentgo
adesiredormationandsimultaneousollision avoidance Theformationcouldbeachieved
arywherein the free spacethereareno pre-speci ed nal positionsfor the agentsandis
renderedstableboth in termsof shapeandin termsof orientation. Shapeand orientation
stabilizationis possiblebecausghe agentsegulaterelative positionsratherthandistances
with respecto their network neighbors.Asymptotic stability is provableandguaranteed
oncethe parameters$n the local navigation functionsare tunedbasedon the geometryof
the ervironmentandthe degreeof the interconnectiometwork. Feedbaclcontrollerssteer
theagentsaway from stationarypoint-obstacleandinto the desiredformationusinginfor-
mationthatcanbe obtainedwithin their sensingneighborhoodndthroughcommunication
with their network neighbors. The methodologyis testedin simulationwheregroupsof
threeandfour mobile agentscomeinto formationsof trianglesand diamonds navigating
amongsbbstacles.

Scheduleseepagel4.

Visually Navigatingthe RMSTitanic with SLAMInformationFilters
RyanEustice HanumanSingh,JohnLeonard Matthev Walter, RobertBallard

Abstract: This paperdescribesa vision-basedarge-areasimultaneoudocalizationand
mapping(SLAM) algorithmthatrespectshe constraintof low-overlapimagerytypical of
undervater vehicleswhile exploiting the information associatedvith the inertial sensors
that areroutinely available on suchplatforms. We presenta novel stratey for ef ciently
accessingindmaintainingconsistentovarianceboundswithin a SLAM information Iter,
greatlyincreasingthe reliability of dataassociation.The techniques baseduponsolving
a sparsesystemof linear equationscoupledwith the applicationof constant-timeKalman
updatesThemethodis shavn to produceconsistentovarianceestimatesuitablefor robot
planninganddataassociation Real-world resultsare presentedor a vision-based DOF
SLAM implementationusing datafrom a recentROV surwy of the wreck of the RMS
Titanic.

Scheduleseepagesl3andl15b.
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PaperP09

PaperP10

InformationGain-basedExploration Using Rao-Bla&wellizedParticle Filters
Cyrill StachnissGiorgio Grisetti, Wolfram Burgard

Abstract: This paperpresentsanintegratedapproacho exploration,mapping,andlocal-
ization. Our algorithmusesa highly ef cient Rao-Blackwellizedarticle Iter to represent
the posterioraboutmapsandposeslt appliesadecision-theoretiramevork which simul-
taneouslyconsiderghe uncertaintyin the mapandin the poseof the vehicle to evaluate
potentialactions.Therebyit trades-of thethe costof executinganactionwith theexpected
informationgain andtakesinto accountpossiblesensomeasurementgatheredalongthe
pathtaken by therobot. We furthermoredescribehow to utilize the propertiesof the Rao-
Blackwellizationto ef ciently computethe expectedinformationgain. We presenexperi-
mentalresultsobtainedn therealworld andin simulationto demonstrat¢he effectiveness
of ourapproach.

Scheduleseepagesl3andl15.

PerformanceBoundsfor Coopeative Simultaneousocalizationand Mapping(C-SLAM)
AnastasiodMourikis, Stegios Roumeliotis

Abstract: In this paperwe studythetime evolution of the positionestimates'covariance
in Cooperatre Simultaneoud.ocalizationand Mapping (C-SLAM), andobtainanalytical
upperboundsfor the positioninguncertainty The derived boundsprovide descriptionsof
theasymptotigositioningperformancef ateamof robotsin amappingtask,asafunction
of thecharacteristicef theproprioceptve andexteroceptve sensoref therobots,andof the
graphof relative positionmeasurementgcordedy therobots.A studyof the propertiesof
theRiccatirecursiorwhichdescribeshepropagtionof uncertaintythroughtime, yields (i)
theguaranteedccurayg for arobotteamin agivenC-SLAM application,aswell as(ii) the
maximumexpectedsteadystateuncertaintyof the robotsandlandmarkswhenthe spatial
distribution of featuresin the ervironmentcanbe modeledby a known distribution. The
theoreticakresultsarevalidatedby simulationexperiments.

Scheduleseepagesl3andl15.
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PaperP11 Efcient Exploration With LatentStructue
Bethary Lef er, MichaelLittman, AlexanderStrehl, ThomasWalsh

Abstract: Wheninteractingwith anew environment,arobotcanimprove its online perfor
manceby ef ciently exploring the effectsof its actions. The ef ciency of explorationcan
be expandedsigni cantly by modelingandusinglatentstructureto generalizeexperiences.
We provide a theoreticaldevelopmentof the problemof explorationwith latentstructure,
analyzeseveral algorithmsand prove matchinglower bounds. We demonstrateur algo-
rithmic ideason a simplerobot car repeatedlytraversinga pathwith two differentsurface
properties.

Scheduleseepagesl3andis.

PaperP12 Curvesof StationaryAcceleation
JonSelig

Abstract: The conceptof curvesof minimal acceleratiorseemdo have beenintroduced
by Zefranand Kumarand independentlyby Noalkes, Heinzingerand Paden. In part the

motivation wasto extendthe notion of splinecurvesto curvesin groups. Speci cally the

groupsassociatewvith robotics.A curvein therigid bodymotiongroupSE (3) for example,
can be thoughtof as a trajectoryof a rigid body Hencetheseideashave applications
to motion planningandinterpolation. In this work the analysisis repeatedout using bi-

invariant metricson the group. Sincethesemetricsare not positive de nite the curves
speci ed by the equationgderived areonly stationary not minimal. It is possibleto solve

thesenon-linearcoupleddifferentialequationsn somesimplecasesHowever, thesesimple
casegurnoutto behighly relevantto roboticsandmechanisntheory

Scheduleseepagesl3andl15.
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PaperP13

PaperP14

A polynomial-timealgorithmto designpushplansfor sensorlespartssorting
Mark de Berg, Xavier Goaoc Frankvander Stappen

Abstract: We considerthe ef cient computationof sequencesf pushactionsthat simul-

taneouslyorienttwo differentpolygons. Our motivation for studyingthis problemcomes
from the obsenrationthatappropriatelyorientedpartsadmit simplesensorlessorting. We

studythe sortingof two polygonalpartsby rst puttingthemin properlyselectedorienta-
tions. We give anO(n? log n)-time algorithmto enumeratall pairsof orientationsfor the

two partsthatcanbe realizedby a sequencef pushactionsandadmitsensorlessorting.
We thenproposean O(n* log® n)-time algorithmfor nding the shortessequencef push
actionsestablishinga given realizablepair of orientationsfor the two parts. Theseresults
generalizdo the sortingof k polygonalparts.

Scheduleseepagesl4 and15.

Ef cient Motion PlanningBasedon Disassembly
YuandongYang,Oliver Brock

Abstract: Disassembly-basediotion planning is a novel and efcient single-query
sampling-basedotion planningapproachor free- ying robots. It derivesits efciency
from the consideratiorof workspacenformationto guidethe explorationof con guration
space Disassembly-basedotion planningusesworkspacenformationto excludesigni -
cantportionsof con gurationspacdrom exploration. It alsoidenti es themostconstrained
placement®f therobotalonga potentialsolutionpath. Theseplacementarereferedto as
assemblieshecausdhe ervironmentimposesgeometricconstraintson the motion of the
robot,aswould bethe casefor a partof anassemblyTheseconstraintcanbe exploitedto
furtherlimit con guration spaceexploration. Throughthis useof workspacenformation,
the solutionto mary practicalproblemscanbefound,eventhoughonly a smallfraction of
the overall con guration spacehasbeenexplored. This methodof motion planningresults
in performancemprovementsof several ordersof magnitude comparedo state-of-the-art
single-querymotion planningmethods For non-free- ying robots,disassembly-baseado-
tion planningperformsat leastaswell asthe sampling-basednotion planningmethodit
is basedon. We presenta proof of probabilisticcompletenesfor disassembly-basedo-
tion planning,shaving that con guration spaceregionscanbe excludedfrom exploration
without affectingthe completenesef motionplanning.

Scheduleseepagesl4 and15.
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PaperP15

PaperP16

Toward Optimal Con guration SpaceSampling
BrendarBurns,Oliver Brock

Abstract:

Utility-guided planningis anovel approactio sampling-basethulti-querymotionplanning
that reduceghe numberof samplesequiredfor a completeroadmaptoward the optimal
numberof sampleghatwould be selectedf thecompletecon gurationspacenvereknown.
The utility-guided planneris informed by andadaptedo its developingunderstandingf
the con guration space.The locationof eachnenv sampleis choserusingall of the infor-
mationprovidedby previous samplingandalsoto maximizethe bene tsto the planner To
accomplishthis, the plannermaintainsan approximatepredictve modelof con guration
spacecontainingtheinformationfrom all previous samples Combinedwith knowledgeof
the motion planningtask, this modelprovidescon guration spacestructurethatidenti es
future samplesvith maximalexpectedutility. Experimentatesultswith animplementation
of this approachindicatethatit is capableof signi cantly reducingthe runtimerequiredto
constructacompleteroadmagfor con gurationspacewvith arbitrarydegreesof freedom.

Scheduleseepagesl4 and15.

Natural Gait Geneartion Techniquesfor Principally KinematicMechanical Systems
Elie ShammasiHowie ChosetAlfred Rizzi

Abstract: In this paperwe present haturalgait evaluationtechniquefor principally kine-

matic systems. We take adwvantageof the fact that for principally kinematicsystemshe

relationbetweershapespacevelocitiesandbody representationf ber velocitiesis inde-

pendenton the position of the robot. This allows for equatingposition changeto a line

integral of a well de ned functionalongary curwe in the shapespace.By restrictinggaits

to be closedcurveswe useStoke's theoremto relatepositionchangeto a areaintegral of

a heightfunction. Hence,not only doesour gait evaluationmethodallow for intuitive gait

generatiorbut it is alsosuitablefor optimizing thesegaits. Moreover, our gait generation
approactdoesnot restrictthe typesof allowableinputsnor doesit requireary guessingf

the parametersf the proposedjaits.

Scheduleseepagesl4 and15.
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PaperP17

PaperP18

A Two-Point Boundary-¥lue Approad for PlanningManipulationTasks
PengSong,Vijay Kumar Jong-ShiPang

Abstract: We considerthe problemof planningmanipulationtasksin which rigid body
dynamicsare signi cant andthe rigid bodiesundego frictional contacts. We develop a
dynamicmodelwith frictional compliantcontactsandatime-steppinglgorithmthatlends
itself to nding trajectorieswith constrainton the startingandgoal conditions. Because
we explicitly modelthelocal complianceat the contactpoints,we canincorporatampacts
without resettingthe statesandreinitializing the dynamicmodels. The problemof solving
for the frictional forceswith the Coulombfriction conelaw reducedo a corvex quadratic
program.We shav how this formulationcanbe usedto solve boundaryalueproblemshat
arerelevantto processdesign,designoptimizationandtrajectoryplanningwith practical
examples.To our knowledge this paperis the rst time boundarwalueproblemsnvolving
changesn contactconditionshave beensolvedin a systematiavay.

Scheduleseepagesl4 and15.

DynamicTaskAllocationin RobotSwarms
JamedMcLurkin, Daniel Yamins

Abstract: As robotsbhecomeubiquitous,dedicatingmultiple robotsto a single task will
becomethe norm. Groupsof robotscansolve problemsin fundamentallydifferentways
thancanindividuals,while achiering higherlevelsof performanceHowever, robotgroups
presentuniquechallengedor programmingand communication.One of the centralprob-
lemssuchchallengeds nding waysto allocatesubtaskd4o meetglobal contraints. This
work presentsandanalyzeghreedifferentdistributedalgorithmsfor dynamictaskalloca-
tion, spanninga rangeof ef ciency and communicationcomepleity classes.The algo-
rithmsaredesignedvith aneye toward practicalapplications.Two of thethreealgorithms
have beenimplementedandtestedon a swarm of robots. Dataand proofs of algorithm
correctnessindef ciency areprovided.

Scheduleseepagesl4 and15.
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PaperP19

PaperP20

Microrobotic StreakSeeding-or Protein Crystal Growth
AtanasGeoqgiev, PeterAllen, Ting Song,Andrew Laine, William Edstrom JohnHunt

Abstract: We presenta microroboticsystemfor proteincrystalmicromanipulatiortasks.
The focusin this paperis on the taskknown to crystallographerssstreakseeding- it is
usedto enticecertainproteincrystalsto grov. Our systenfeaturesa setof customdesigned
micropositioneend-efectorswe call microshaelsto replaceraditionaltoolsusedoy crys-
tallographergor thistask.We have usedmicro-electricaimechanicasystemMEMS) tech-
niquesto designand manufcturevariousshapesand quantitiesof microshwels. Visual
inputfrom acameranountedonthemicroscopes usedto detectthelocationsof thesource
crystalswhich thetool needgo touchaswell asthelocationsof thetarget proteindroplets
for seedingWe presenexperimentalesultsthatillustratetheapplicabilityof ourapproach.

Scheduleseepagesl4 and15.

SingleActuatorContmol of a 3DOF HoppingRobot
CherouvimNicholas,Papadopoulo&vangelos

Abstract: In this paperwe explore the mechanisnof enegy transferbetweenthe single
actuatedDOF of a one-legged hoppingrobot and the remainingunactuatedOFs, dur
ing stablerunning. The conceptof the enegy transfermechanisnis laid out, after which
follows an analyticalstudy Using this study aninitial controlleris derived for the con-
trol of a simple SLIP modelwith friction in the leg andhip, usinga singleactuatorat the
hip. We shav that while this controlleris capableof stablemotion for the SLIP model,
it doesnot leadto stablelocomotionfor the full realisticrobot modelwith pitching body
leg inertia andfriction in hip andleg. This indicatesthat the SLIP modeloften usedfor
controllerdesignmay be unsuitablefor this purpose.The necessarynodi cations arethen
madeto the controllerto achieve stablelocomotionfor the full model,again with a single,
easy-to-implemerdctuatodocatedat the hip. Finally, resultsareshavn from applyingthe
controllerto thefull modelfor awide rangeof parameterteadingto stablemotions.

Scheduleseepagesl4 and15.
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PaperP21

PaperP22

Modeling Complex Contacts Involving Deformable Objects for Haptic and Graphic
Rendering

Qi Luo, Jing Xiao

Abstract: Hapticrenderingnvolving deformableobjectshasseemmary applicationsfrom
sumgical simulationandtraining, to virtual prototyping,to teleoperationetc. High quality
renderingdemandsoth physical delity andreal-timeperformancewhich areoftencon-
icting requirementsln this paperwe simulatecontactforcebetweeraheldrigid bodyand
an elasticobjectandthe correspondinghapedeformationof the elasticobjectef ciently
andrealistically basedon a nonlinearphysical modeland a novel beam-skletonmodel,
takinginto accounffriction, compliantmotion,andmultiple contactregions. Our approach
is ableto achieve a combinedupdaterate of over 1 kHz in realistic, smooth,and stable
rendering asdemonstratetdy ourimplementedexamples.

Scheduleseepagesl4 and15.

ThreeDimensionalStohasticRecon gumtion of Modular Robots
Paul White, Victor Zykov, JoshBongard,Hod Lipson

Abstract: Weintroducebothasimulatedanda physicalthree-dimensionaitochastianod-
ular robot system both capableof self-assemblandself-recon guration.We assumehat
individual units can only drav power when attachedto the growing structure,and have
no meansof actuation. Insteadthey are subjectto randommotion inducedby the sur

roundingmediumwhenunattached We presenta simulationervironmentwith a e xible

scriptinglanguagehatallows for parallelandserialself-assemblandself-recon guration
processesWe explore factorsthat govern the rate of assemblyand recon guration,and
shaw that self-recon gurationcanbe exploited to acceleratehe assemblyof a particular
shapeascomparedvith staticself-assemblyWe demonstrat¢he ability of a simplephys-
ical three-dimensionatochastianodularrobotsystento self-recon gurein a uid.

Scheduleseepagel6.

35



PaperP23

PaperP24

On Correlating Sonarimages
RichardRikoski, JamesCobb,Daniel Brown

Abstract: This paperdemonstratethat sonarimagescorrelatebadly becausdarget ge-

ometryandimagefringescorrelatein differentcoordinatesystems.lt is shavn thatif the

recever is aline array all point objectshave the sameimagein a coordinatesystemwith

axesof rangeandthe sine of targetbearing(the (r,s) coordinatesystem).Resultsfrom an

ocearexperimentarepresentedTheocearexperimentshavsthatafterasimpletranslation,
thecorrelationcoefcient betweenCartesianmagesof aradarre ector dropto zero,while

the correlationcoefcient betweenmagesof the sameradarre ector in an(r,s) coordinate
systemhover around0.9.

Scheduleseepagelb.

Squae RootSAM
FrankDellaert

Abstract: Solvingthe SLAM problemis oneway to enablea robotto explore, map,and
navigatein a previously unknavn ervironment. We investicgate smoothingapproacheasa
viable alternatve to extendedKalman lter -basedsolutionsto the problem. In particular
we look at approacheshat factorizeeitherthe associatednformation matrix or the mea-
suremenmatrix into squarerootform. Suchtechnique$iave seseralsigni cant advantages
overtheEKF: they arefasteryetexact,they canbeusedn eitherbatchorincrementamode,
arebetterequippedo dealwith non-linearmprocessandmeasuremennodels,andyield the
entirerobottrajectory at lower cost. In addition,in anindirect but dramaticway, column
orderingheuristicsaautomaticallyexploit thelocality inherentin thegeographiamatureof the
SLAM problem.In this papemwe presenthetheoryunderlyingthesemethodsaninterpre-
tation of factorizationin termsof the graphicalmodelassociatedvith the SLAM problem,
andpromisinginitial simulationresultsthatunderscorghe potentialof theapproach.

Scheduleseepagel6.
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PaperP25

PaperP26

Topolagical Mappingwith Multiple Visual Manifolds
Greg Grudic,JaneMulligan

Abstract: We addresghe problemof building topologicalmapsin visual spacefor robot
navigation. Thenodesof ourtopologicalmapsconsistof clustersn manifoldspaceandwe
proposean unsupervisedearningalgorithmthat automaticallyconstructghesemanifolds
- the userneedonly specify the desirednumberof clustersand the minimum numberof
imagesper cluster This spectralkclusteringlik e framewnork allows eachclusterto optimize
a separatesetof clusteringparametersandwe demonstratempirically thatthis e xibility

cansigni cantly improve clusteringresults. We further proposea framework for serwing
therobotin our manifold space which would allow the robotto navigate from ary point
on one manifold (topologicalnode)to ary speci ed point on a secondmanifold. Finally,
we presenexperimentakesultson indoorandoutdoorimagesequencedemonstratinghe
ef cacy of the proposedalgorithm.

Scheduleseepagel?.

Scalinghard vertical surfaceswith compliantmicrospinearrays
Alan Asbeck,Sangba&im, William R. ProvancheyMichele LanzettaM.R. Cutkosky

Abstract: A new approachfor climbing hard vertical surfaceshasbeendevelopedthat
allows arobotto scaleconcrete stucco,brick andmasonrywalls without usingsuctionor
adhesies. Theapproachs inspiredby the mechanismsbseredin someclimbing insects
andspidersandinvolvesarraysof microspineghatcatchon surfaceasperities.The arrays
arelocatedon thetoesof therobotandconsistof atuned,multi-link compliantsuspension.
In this paperwe discussthe fundamentalssuesof spineallometricscalingversussurface
roughnessandthesuspensioneededo maximizethe probabilitythateachspinewill nd a
useablesurfaceirregularity andto distribute climbing tensileandshearloadsamongmary
spines. The principlesare demonstrateavith a new climbing robot that canscalea wide
rangeof exteriorwalls.

Scheduleseepagel?.
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PaperP27 Multi-robotSimultaneous&ocalizationand MappingusingAcausalParticle Filters

PaperP28

Andrew Howard

Abstract: This paperdescribesan on-line algorithm for multi-robot simultaneoudocal-
izationandmapping(SLAM). We take asour startingpoint the single-robotparticle- Iter-
basedechniquedescribedn [1] andmale two key generalizationsoneto handlemultiple
robots,andanotherto allow for acausal(i.e., time-reversed)updates.The rst generaliza-
tion sufces for multi-robotSLAM problemsn whichtheinitial poseof therobotsis known
(e.g.,whenall robotsstartat the samelocation). The secondgeneralizations requiredfor
the more generalproblem,in which the initial poseof robotsis not known a priori (e.g.,
whentherobotsstartfrom widely separatedandpossiblyrandom Jocations).In this latter
case,we malke the assumptiorthat the individial robotswill eventually "bump-into' one
anotherandtherebydetermingheirrelativeposeat somepointin time. Theacausabener
alizationallows usto combineobsenationsfrom suchrobots,includingthoseobsenations
thatoccurredprior to the rst suchencounter Thus,the algorithmpresentedn this paper
is ableto fuseall datafrom all robotsinto a singlemap,evenwhentheinitial poseof those
robotsis unknawn.

Scheduleseepagel?.

DatadrivenMCMC for Appeaance-basedopolagical Mapping
AnanthRangnathanFrankDellaert

Abstract: Probabilistictechniqguesiave becomethe mainstayof robotic mapping,partic-
ularly for generatingmetric maps. In previous work, we have presentedh hithertonone-
istentgeneralpurposeprobabilisticframenork for dealingwith topologicalmapping.This
involvesthe creationof ProbabilisticTopologicalMaps(PTMs), a sample-basetepresen-
tation that approximateghe posteriordistribution over topologiesgiven available sensor
measurementdhe PTM is inferredusingMarkov ChainMonte Carlo(MCMC) thatover
comesthe combinatorialnatureof the problem. In this paper we addresshe problem
of integrating appearanceneasurementimto the PTM framavork. Speci cally, we con-
siderappearanceneasurementi the form of panoramidmagesobtainedfrom a camera
rig mountedon a robot. We also proposeimprovementsto the ef ciency of the MCMC
algorithmthroughthe useof anintelligent data-drven proposaldistribution. We present
experimentghatillustratethe robustnes@&ndwide applicability of our algorithm.

Scheduleseepagel?.

38



PaperP29

PaperP30

RobotPlanningin Partially ObservableContinuousdbomains
JosepPorta,Matthijs SpaanNikosVlassis

Abstract: In thiswork, we presentavalueiterationalgorithmfor learningto actin Partially
Obsenable Markov DecisionProcesse$POMDPSs)with continuousstatespaces.Main-
streamPOMDP researctfocuseson the discretecaseandthis complicatests application
to, e.g.,robotic problemsthat are naturally modeledusing continuousstatespaces.The
maindif culty in de ning aPOMDPIn a continuousstatespacads thatthe expectedvalues
over statesmustbe de ned usingintegralsthat, in general,cannotbe computedn closed
from. In this paper we shav that we canrepresenthe value functionin the continuous
in nite-dimensionalPOMDPbelief spaceusinga discretesetof supportingfunctions,that
we call -functions,thatform a direct generalizatiorof the -vectorsde ning the value
functionof a discrete-stat OMDR It turnsout thatusingsucha representatiorthe value
function remainspiecavise linearandcorvex. Moreover, if the beliefsandall modelsin-
volvedin the POMDP frameavork are Gaussian-base@achstepof valueiterationcanbe
carriedout analyticallyandexact. For practicalpurposesywe introducea point-basedralue
iteration algorithm that approximateghe optimal value function and allows for ef cient
planningin continuousdomains.Preliminaryresultssuggesthatour approachts well to
planningin roboticdomains.

Scheduleseepagesl6 and18.

Path Planningfor DeformableRobotsin Comple Ernvironments
RussellGayle,William Segars,Ming Lin andDineshManocha

Abstract: We presentanalgorithmfor pathplanningfor a e xible robotin complex ervi-
ronments.Our algorithmcomputesa collision free pathby taking into accountgeometric
andphysicalconstraintsincludingobstacleavoidance non-penetratiogonstraintsyolume
preseration, surfacetensionand enegy minimization. We describea newv algorithmfor
collision detectionbetweena deformablerobotand x ed obstaclesisinggraphicsproces-
sors. We also presenttechniquedo ef ciently handlecomple deformablemodelscom-
posedof tensof thousandof polygonsand obtain signi cant performancamprovement
over previous approachesMoreover, we demonstrate practicalapplicationof our algo-
rithm in performingpathplanningof cathetersn liver chemoembolization.

Scheduleseepagesl6 and18.
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PaperP31

PaperP32

Motion Planningin the Presencef Drift, Underctuationand Discrete SystenChanges
Andrew Ladd, Lydia Kavraki

Abstract: Motion planningresearcthasbeensuccessfuin developingplanningalgorithms
which are effective for solving problemswith complicatedgeometricand kinematiccon-

straints. Variousapplicationsin roboticsandin other elds demandadditional physical

realism. Someprogresshasbeenfor non-holonomicsystems.However systemswith sig-

ni cant drift, underactuatiomnddiscretesystemchangesemainchallengingfor existing

planningtechniquegparticularlyasthedimensionalityof thestatespacencreasesRecently

thePath-DirectedSubdvision Treeexplorationplanner(PDST-EXPLOREwasintroduced
asatechniqudor solving suchproblemswhile avoiding dif culties thatpreviousplanning
approache$iad. This papercontinuesthe developmentof the PDST-EXPLORBEplanner

introducesa dif cult benchmarkand usesPDST-EXPLORRo plan for this benchmark.
We demonstratéor the rst time the capabilitiesof our plannerin solvinga problemwhich

cannotbe solvedusingprevioustechniquesn literature.Solutionsfor upto 87 dimensional
versionsof thebenchmarkn lessthan6 hours.

Scheduleseepagesl6 and18.

BioCD : efcient self-collisionand distancecomputationin highly articulated molecular
models

VicenteRuiz de Angulo, JuanCortes,Thierry Simeon

Abstract: This paperdescribesanef cient approacho (self) collision detectionanddis-
tancecomputationgor complex articulatedmechanismsuchas molecularchains. The
proposedilgorithmcalledBioCD is particularlydesignedor sampling-basethotionplan-
ning on molecularmodelsdescribedby long kinematicchainspossiblyincluding cycles.
Thealgorithmconsiderghatthekinematicchainis structurednto anumberof rigid groups
articulatedby preselectedegreesof freedom.This structuratioris exploited by atwo-level
spatially-adaptedhierarcly. The proposedalgorithmis notlimited to particularkinematic
topologiesandallows goodcollision detectiontimes. BioCD is alsotailoredto dealwith
the particularitiesimposedby the molecularcontect on collision detection. Experimental
resultsshav the effectivenesf the proposedapproachwhichis ableto procesghousands
of (self) collisiontestspersecondn e xible proteinmodelswith upto hundredf degrees
of freedom.

Scheduleseepagesl6 and18.
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PaperP33

PaperP34

AnRRTFBasedAlgorithmfor Testingand Validating Multi-RobotControllers
Jongwoo Kim, JoelEspositoVijay Kumar

Abstract: We addressheproblemof testingcomplex reactive controlsystemsandvalidat-
ing the effectivenessof multi-agentcontrollers. Testingandvalidationinvolves searching
for conditionsthatleadto systentfailureby exploringall adwersariainputsanddisturbances
for erranttrajectories.This problemof testingis relatedto motion planning,with onemain
difference.Unlike motion planningproblems,systemsaretypically not controllablewith
respecto disturbance®r adwersarialinputsandtherefore the reachablesetof statess a
smallsubsebf the entirestatespaceln bothcasedowever, thereis agoalor speci cation
setconsistingof a setof pointsin statespacethatis of interest,eitherfor demonstrating
failure or for validation. In this paperwe considerthe applicationof the Rapidly-eploring
RandomTreealgorithmto the testingandvalidation problem. Becauseof the differences
betweertestingandmotionplanningwe proposéhreemodi cationsto theoriginal RRT al-
gorithm. First, we introducea new distancefunctionwhichincorporatesnformationabout
the systems dynamicsto selectnodesfor extension. Secondwe introducea weightingto
penalizenodeswhich arerepeatedlyselectbut fail to extend. Third, we proposea scheme
for adaptvely modifying the samplingprobability distribution basedon tree growth. We
demonstratehe applicationof the algorithmvia threesimple and one large scaleexam-
ple andpravide computationaktatistics.Our algorithmsare applicablebeyond the testing
problemto motionplanningfor systemshatarenot smalltime locally controllable.

Scheduleseepagesl6 and18.

RoadmaBasedPursuit-Evasiorand Collision Avoidance
Volkanlsler, DengfengSunandShankaiSastry

Abstract: We study collision-aroidanceand pursuit-ezasiongamesfor mobile robots. In
the rst partof the paper underthe assumptiorthat the pursuerandthe evader(possibly
subjectto physical constraintsgharethe sameroadmapo plantheir stratgies,we present
soundandcompletestratgjiesfor threedifferentgames.In the secondpart, we utilize the
pursuit-e/asionresultsto post-procesghe workspaceand/orcon guration spaceto obtain
a collision probability mapof the ervironment. Next, we presenta probabilisticmethodto
utilize this mapto planthetrajectoriesof independentobots.

Scheduleseepagesl7andl18.
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PaperP35

PaperP36

Single-ClusteSpectal GraphPartitioning for RoboticsApplications
Edwin Olson,Matthev Walter, SethTeller, JohnLeonard

Abstract: We presentan algorithmfor nding a single clusterof well-connectechodes
in a graph. The generalproblemis NP-hard,but our algorithm producesan approximate
solutionin O(n?) by consideringthe spectralpropertiesof the graphs adjaceng matrix.
We shav how this algorithmcanbe usedto nd setsof self-consistenhypothesesvhile
rejectingincorrecthypothesesa problemthat frequentlyarisesin robotics. We present
several results,including outlier rejectionin a range-onlySLAM system,and parametric
line tting, in whichouralgorithmoutperformsRANSAC.

Scheduleseepagesl7 and18.

AdaptiveRoadFollowing using Self-Supervisedearningand ReserseOptical Flow
David Lieb, Andrew Lookingbill, Sebastiarthrun

Abstract: Themajority of currentimage-basedoadfollowing algorithmsoperateat least
in part, by assuminghe presencef structuralor visual cuesuniqueto theroadway. As a
result,thesealgorithmsare poorly suitedto the taskof trackingunstructuredoadstypical
to desertervironments.In this paper we proposea roadfollowing algorithmthatoperates
in aself-supervisedearningregime,allowing it to adaptto changingroadconditionswhile
making no assumptionaboutthe generalstructureor appearancef the roadsurface. A
novel applicationof optical o w techniquespairedwith one-dimensionaiemplatematch-
ing, allows identi cation of regionsin the currentcameramagethat closelyresemblehe
learnedappearancef theroadin therecentpast. Thealgorithmassumeshevehiclelies on
theroadin orderto form templateof theroad's appearanceA dynamicprogrammingvari-
antis thenappliedto optimizethe 1-D templatematchresultswhile enforcinga constraint
on the maximumroad cunatureexpected. Algorithm outputimages,aswell asquantita-
tive results,are presentedor threedistinctroadtypesencounteredh actualdriving video
acquiredn the CaliforniaMojave Desert.

Scheduleseepagesl7andl18.
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PaperP37

PaperP38

Optimal Sensing Strategies for Mobile Robot Formations: Resouce-Constained
Localization

AnastasiodMourikis, Stegios Roumeliotis

Abstract: This paperaddresseghe problemof resourceallocationin formationsof mo-
bile robotslocalizingasa group. Eachrobotrecevesmeasurementsom varioussensors
that provide relative (robot-to-robot)and absolutepositioninginformation. Constraintson
the sensordandwidth,aswell ascommunicatiorand processingequirementslimit the
numberof measurementhatareavailableor canbe processedt eachtime step. Thelo-
calizationuncertaintyof the group,determinedoy the covariancematrix of the equivalent
continuous-timesystemat steadystate,is expressedsa function of the sensormeasure-
mentsfrequenciesThetraceof the covariancematrix is selectedasthe optimizationcrite-
rion, underlinearconstraint®onthemeasuringrequeng of eachsensomandthecumulatie
rateof EKF updates.This formulationleadsto a corvex optimizationproblemwhoseso-
lution providesthe sensingfrequenciesfor eachsensoron every robot, requiredin order
to maximizethe positioningaccurag for the group. Simulationexperimentsare presented
that demonstratehe applicability of this methodand provide insight on the propertiesof
theresource-constraimoperatre localizationproblem.

Scheduleseepagesl7and18.

DiscriminativeTraining of KalmanFilters
PieterAbbeel, Adam CoatesMichaelMontemerlo Andren Ng, Sebastiaihrun

Abstract: Kalman lters are a workhorseof robotics and are routinely usedin state-
estimationproblems.However, their performancecritically dependson a large numberof
modellingparametersvhich canbevery dif cult to obtain,andareoftensetvia signi cant
manuakweakingandatagreatcostof engineeringime. In this paperwe proposea method
for automaticallylearningthe noiseparametersf a Kalman Iter . We alsodemonstraten
acommercialwheeledoverthatour Kalman lter' slearnedhoisecovarianceparameters—
obtainedquickly andfully automatically—signi cantlyoutperformanearlier carefullyand
laboriouslyhand-designedne.

Scheduleseepagesl7andl18.
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PaperP39 Time Compleity of Con ict-FreeVehicleRouting

PaperP40

Vikrant SharmaEmilio Frazzoli,PetrosvVoulgaris

Abstract: In this paper we study the following motion coordinationproblem: given n
vehiclesandn origin-destinatiorpairsin the plane,whatis the minimumtime neededo
transfereachvehiclefromiits origin to its destinationavoiding con icts with othervehicles?
The ervironmentis free of obstaclesanda con ict occurswhendistancebetweenary two
vehiclesis smallerthana velocity-dependergafetydistance.In the casewheretheBrigin
anddestinationpoints canbe chosenarbitrarily, we show thatthe transfertakes ( ~ nL)
timeto completewhereL is theaveragadistancebetweertheorigin anddestinatiorpoints.
We alsoanalyzethe casein which origin anddestinatiorpointsaregeneratedandomlyac-
cordingto a uniform distribution, andpresentan algorithmproviding a constructve upper
boundon thetime neededo transfer\ﬁahiclesfrom originsto their correspondinglestina-
tion, proving thatthetransfertakes ( ~ n) time for this case.

Scheduleseepagesl7 and18.

TheStability of PointmassHoppes with Varying Morphology and Minimal Feedbak
JustinSeipel

Abstract: In this paperwe examinethe stability of a classof simple three-dimensional
pointmasshopperswhich have minimal feedback.Thesehopperswith varyingleg num-
bers,arerepresentatie of bothanimalandrobotic runners:single-stance-grunnerssuch
as humans,birds, and somemonopodrobots; double-stance-tghopperssuchas kanga-
roos; andtriple-stance-lg runnerslik e the cockroachor the robot RHex. Thesemodels
have minimal feedback:only liftoff andtouchdavn eventsare sensedand, during ight
phases|egs are positionedin a predetermineanannerfor the ensuingtouchdavn. Only
onemodel,thatcorrespondingo cockroachrunning,is actively actuatedput thenonly in
a feedforward fashion. The remaininghoppermodelsform a subsetof enegy conserv-
ing, piecavise-holonomigpointmasanodelsfor running. Cateyorically, we shav thatthe
pointmassmodelfor single-stance-grunnersis unstable;whereaghe double-stance-tg
andtriple-stance-lg hoppermodelsare stable. We abstractthreeideasthat warrantfur-
therstudy: 1) multileggedsplayedrunnersarenaturallymorestablesincethey canproduce
sufcient correctie forcesin all directionsto perturbationsHowever, 2) In somesystems
with specializedchip joints, passie reactionsto perturbationgyeneratedat the hip canbe
stabilizing. This scenariadis presenin RHex. Finally, 3) A RHex and cockroachversion
of thethree-stance-tgmodelarefundamentallydifferentin how theirindividual legsactto
producenetbodyforces,which affectstheir respectre stability properties.

Scheduleseepagesl7 and18.
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PaperP41

PaperP42

Optimaldesignof robots
Jean-Pierrderlet

Abstract: Synthesisof robotsmay be decomposeihto two processesstructuial synthe-
sis (determinethe generalarrangemenbf the mechanicaktructuresuchasthe type and
numberof joints and the way they will be connectedland dimensionalsynthesigdeter
minethelengthof thelinks, the axisandlocationof thejoints, the necessarynaximaljoint
forces/torques;:). The performanceshat may be obtainedfor a robotaredrasticallyde-
pendenton both synthesis.Although for serialrobotsgeneraltrendsmay be derived only
from thestructurearealisticcomparisorbetweertwo differentstructuregnayonly bemade
aftera carefuldimensionakynthesisndthisis evenmoresofor closed-loopobot(suchas
parallelrobots). We will presenta dimensionakynthesisapproactbasedon thedesignre-
quirementghatallows oneto obtainalmostall feasibledesignsolutionsthatareguaranteed
to satisfythe requirementsgven taking into accountmanufcturingtolerances.Practical
examplesof 6-DOFrobotdesignwill be presented.

Scheduleseepagel8.

Biologically Inspired Miniature Water Strider Robot
Steve H. Suhr SangJunLee, Yun SeongSong,Metin Sitti

Abstract: Recentbiological studieson water striderinsectsrevealedthe detailedmech-
anismof their stayingand walking on water While macroscaldodiesutilize buoyang
to stay on water thesevery light and small insectsbalancetheir weight using the repul-
sive surfacetensionforceswherethe insectlegs are coveredwith micro-hairsresultingin
a superlydrophobiceffect. Utilizing the uniquescalingadwantageof theseinsectsthis pa-
perproposes biologically inspiredminiaturemicro-robotwalking on waterwith a similar
principle. The paperfocuseson understandinghysical characteristic®f the insectand
designinga robotthatmimics the insect?anovement. Highly hydrophobicTe on; coated
wires are usedfor the legsto utilize surfacetensionforce andthe robot body is madeof
carbon bers for minimal weight. A T-shapedactuationmechanismwith three PZT-5H
basedunimorphpiezoelectricactuatorss utilized to move the robots? sidelegs indepen-
dently for controlledsteering. Kinematicsand dynamicpropertiesof the robot prototype
are analyzedand comparedwith the experimentalresults. The fabricatedtetheredrobot
cansuccessfullymove forward,backward andcanalsomake turns. Maximumspeedf the
robotin forwardmotionis 2.3cm/s.In thefuture,addingminiaturesensor@andanon-board
power sourceandelectronicon therobotwould be ervironmentalmonitoringapplications
ondams Jakes,seaivers,etc. usinga network of theserobots.

Scheduleseepagel9.
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PaperP43 Micro andNanowoboticAssemblyJsingDielectrophoresis

PaperP44

ArunkumarSubramanianBarmeshwar Vikramaditya,Lixin Dong, Dominik Bell, Bradley
J.Nelson

Abstract: The contactphaseof an assemblytask involving micro and nano objectsis
complicatedby the presenceof surface and intermolecularforces such as electrostatic,
surface-tensiorandVan der Waalsforces. Assemblystratgies mustaccountfor the pres-
enceof theseforcesin orderto guarantesuccessfutepeatablenicro andnanoassemblies
with high precision. A detailedmodelfor this electrostatidnteractionis developedand
analyzed. Basedon the resultsof this analysis,dielectrophoretiassemblyprinciples of
MEMS/NEMS devices are proposedand experimentallyveri ed with microtweezerdor
micro Ni partsandwith nanoelectrodefabricatedwith electron-beantithograpty for car
bon nanotubeassembly The successfumanipulationandassemblyof single carbonnan-
otubes(CNTSs) using dielectrophoretidorces producedby nanoelectrodewill leadto a
higherintegrationof CNTsinto bothnanoelectronicandNEMS.

Scheduleseepagel9.

Blind swarmsfor coveragein 2-D
RobertGhrist, Vin de Silva, AbubakrMuhammad

Abstract: We considercoverageproblemsin robotsensometworkswith minimal sensing
capabilities.In particular we demonstrat¢hata “blind” swarmof robotswith nolocaliza-
tion andonly a weakform of distanceestimationcanrigorously determinecoveragein a
boundedlanardomainof unknavn sizeandshape.The methodswve introducecomefrom

algebraicdopology

Scheduleseepagel9.
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PaperP45 Auction-Basedulti-RobotRouting

PaperP46

Michail Lagoudakis,VangelisMarkakis, David Kempe,Pinar Keskinocak,Sven Koenig,
Anton Kleywegt, Craig Tovey, AdamMeyerson,SonalJain

Abstract: Recentlyauction methodshave beeninvestigated as effective, decentralized
methodsfor multi-robot coordination. Experimentalresearchhasshovn greatpotential,
but hasnot beencomplementedet by theoreticalanalysis. In this paperwe contritute
a theoreticalanalysisof the performanceof auctionmethodsfor multi-robot routing. We
suggest genericframeavork for auction-basednulti-robotroutingandanalyzea variety of
bidding rulesfor differentteamobjectives. This is the rst time thatauctionmethodsare
shavn to offer theoreticaguaranteefor suchavarietyof biddingrulesandteamobjectives.

Scheduleseepagel9.

Shape Motion, and Parameter Estimation of Flexible Space Structues using Laser
Range nders

Matthew Lichter, Steven Dubowsky, Hiroshi Ueno, Shinji Mitani

Abstract: Futurespacemissionsareexpectedio userobotic systemgo assembleinspect,
andmaintainlarge spacestructuresn orbit. For effective planningandcontrol,robotsmust
know the deformationsandmotionsof the structureswith which they interact. This paper
presentsa methodfor estimatingthe shape motion, anddynamicmodel parametersf a

vibrating spacestructureusingasynchronousasterscanningrangeimagers. The method
assumethatthemodeshapesreapproximateljknown apriori. A Kalman lter exploitsa

mechanics-basedlynamicmodelto extractthe modalfrequenciesaanddampingaswell as
the modalcoefcients andtheir time rate of change.Theoreticaldevelopmentand experi-

mentalresultsusingemulatedspacehardwarearepresented.

Scheduleseepage20.
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PaperP47

PaperP48

Model-BasedError Correctionfor Flexible RoboticSugical Instruments
RyanBeaslg, RobertHowe

Abstract: Robotspromiseto enhancaminimally-invasive surgery, but e xion of the thin

instrumenshaftintroduceserrorinto modelsof therobotkinematics.Visualor electromag-
netictrackingof the instrumenttip providescorrectforward kinematics put uncertaintyin

shaftbendingand port locationleavesresidualerrorsin inversekinematics. Theseerrors
cancausencorrectmotionsthat precludethe useof image-guidancéools. Throughmod-
eling the instrumentshaft as a simply supportedbeam,this paperproposesa controller
to correctthe commandednotions. Comparisornwith a controllerassuminga rigid shaft
guanti es motion errorsresultingfrom the rigid shaftcontroller Analysis of the e xed
shaftcontrollershowvs sensitvity to shaftlength,shaftstiffnesstip force,andsensomnoise.

Scheduleseepage20.

Data Structue for Real-TmeProcessingn 3-D
Jean-Francoikalonde,NicolasVandapelMatrtial Hebert

Abstract: Autonomousnavigationin naturalervironment,requiresthree-dimensiong(3-
D) scenerepresentatiomandinterpretation.High densitylaserbasedsensings commonly
usedto capturethe geometryof the sceneproducinglarge amountof 3-D pointswith vari-
able spatialdensity We proposeda terrain classi cation methodusing suchdata. The
approactrelies on the computationof local featuresin 3-D usinga supportvolume and
belongsassuch,to alargerclassof computationaproblemswyhererangesearchesrenec-
essary This operationon traditionaldatastructureis very expensve and,in this paperwe
presentanapproacho addresghis issue. The methodrelieson reusingalreadycomputed
dataasthe terrain classi cation processprogressesver the ervironmentrepresentation.
We presentresultsthat showv signi cant speedimprovementusing ladar datacollectedin
variouservironmentswith agroundmobilerobot.

Scheduleseepage20.
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PaperP49 Sigma-MCL:Monte-CarloLocalizationfor Mobile Robotswith Steeo Vision
PantelisElinas

Abstract: This paperpresentdMonte-Carlolocalization(MCL) with a mixture proposal
distribution for mobile robotswith stereovision. We combine Itering with the Scaleln-
variant FeatureTransform(SIFT) image descriptorto accuratelyand ef ciently estimate
therobot's locationgivena mapof 3D landmarks Our approactcompletelydecoupleshe
motion modelfrom the robot's mechanicsandis generalenoughto solve for the uncon-
strained6-degreesof freedomcameramotion. We call our approach MCL. Comparedo
otherMCL approaches MCL is moreaccuratewithoutrequiringthattherobotmove large
distancesandmake mary measurementdVore importantlyour approachs not limited to
robotsconstrainedo planarmotion. Its strengths derivedfrom its robustvision-baseano-
tion andobserationmodels. MCL is generalrobust,ef cient andaccurateutilizing the
bestof Bayesianltering, invariantimagefeaturesandmultiple view geometrytechniques.

Scheduleseepage20.
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WorkshopW1 Wbrkshopon Sugical Simulationbasedon Reality-Basedoft-TssueModels
Room32-124

Jayde P. Desai,Drexel University
DineshK. Pai, Rutgersthe StateUniversity of New Jersg

URL: prism.mem.dmeel.edu/desai/SgicalSimulationWorkshop/

Description: This workshopwill focuson measuremerdnd modelingof various
typesof tissueinteractionrelevantto sugical trainingandsimulation(suchasprob-
ing, cutting,dissectingpercutaneoustc.). Researclin measuremerdf tissueprop-
ertiesfor thedevelopmenbf improvedsugical simulatorsandrobot-assisteduigery
hasblossomedn recentyears.Advancesn computemrgraphicshave enabledealistic
interactve simulationof very large deformablemodels,dueto dramaticchangesn
commoditygraphicshardwareandthe developmentof novel simulationalgorithms.
Theworkshopbringstogethedeadingresearcheri thesetwo elds. The presenta-
tionswill provide anovervien of researchresultsneededo developimproved sys-
temsfor sumgical simulationandrobot-assisteduigery Oneof themaingoalsof this
workshopis to fosterdiscussiormmongparticipantsto identify challengingissues,
andto form a consensu®n: 1) the primary barriersto developing accuratetissue
models,2) how tissuemodelsshouldbe structuredfor applicationin robot-assisted
suigery and sumgical simulation,and 3) what are the uniquerequirement®f tissue
modelsthatshouldguidefuture algorithmdevelopment.
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WorkshopW2 Wbrkshopon HumanoidManipulation
Room32-G449

AaronEdsingerGonzalesMassachusettsstituteof Technology
EduardoTorres-JaraiMassachusettsstituteof Technology

Paul Fitzpatrick,Massachusettsstituteof Technology

Lijin AryanandaMassachusettsistituteof Technology
LorenzoNatale,Massachusettsstituteof Technology

URL: groups.csail.mit.edu/Ibient/rss05/incde shtml

Description: Thisworkshopis aforumto fosterdiscussiormmongresearcherabout
the emeping eld of humanoidmanipulationin which robots safely coexist with
humansand usefully manipulateobjectsfound in unstructurecand built-for-human
ervironments.Theworkshopwill focusonthefundamentatesearclyuestiongacing
the eld, including:

Perceptiorandmanipulationof the unfamiliar.
Achievementof humanlevel dexterity andsensitvity.
Biological foundationgn humanmanipulation.

Topics

Mobile manipulationin built-for-humanenvironments
Developmenibf advancedperceptuasystemdor unstructurecérvironments
Minimal-modelapproacheto grasping

Novel solutionsin sensingandactuation

Mechanismdgor human-lile dexterity

Developmenibf compliantandforce controlledmanipulators
Computationahindneuralmodelsof the humanmotorsystem
Advancesn high densitytactile sensing
Development]earning,andadaptatiorfor reachingandgrasping
Cognitive architecturegor manipulation

Learningof objectaffordances

Behavior-basedapproaches

Review of the state-of-thert

Manipulationasa social,interactive engagement
Bimanualandfull-body grasping

Applicationsof humanoidmanipulation

Researchergho canlend importantperspecties from critical areassuchas con-
trol systemsmachinelearning,industrialmanipulation MEMS sensorsgognitive-
neurosciencegevelopmentalpsychology and computationabnd neuralmodelsof
humanmotorcontrolarealsostronglyencouragedo participate.

The workshopwill include invited presentationspanel discussionsa video and
postersessionandlive humanoiddemonstrationsPleasevisit our websitefor de-
tails on submissiorandparticipation.
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WorkshopW3 Wbrkshopon Learningfor Locomotion
Room32-141

JanPetersUniversity of SouthernCalifornia
RussTedrale, Massachusettsistituteof Technology
Stefan Schaal University of SoutherrnCalifornia

URLs: www-clmc.usc.edujfpeters/vorkshop.html
www.jan-peters.net/Research/Learningkocomotion

Description: Over the last few decadestherehasbeenan impressie amountof
publishedwork on leggedlocomotion,includingbipedalwalking, running,hopping,
stand-upssummersaultandmuchmore. However, despiteall this progresslegged
locomotionresearchaslargely beendriven by researcherasinghumaninsightand
creatvity in orderto generatdocomotioncontrol algorithms. In orderto improve
therobustnessenenpy ef ciency, andnaturalappearancef leggedlocomotion there
maybeasigni cant advantageto usingmachindearningmethodgo synthesizenev
controllersandto avoid tediousparametetuning. For instancejt could be advanta-
geoudo learndynamicamnodels kinematicmodels jmpactmodels for model-based
control techniques.Imitation learningcould be employed for the teachingof gaits
patternsandreinforcementearningcouldhelptuningparametersf thecontrolpoli-
ciesin orderto improve the performancevith respecto givencostfunctions.In this
context, wewouldliketo bringtogetheresearcherom boththeleggedlocomotion
andmachinelearningin orderto discusswhich locomotionproblemsrequirelearn-
ing, andto identify the machindearningmethodghatcanbe usedto solve them.
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WorkshopW4  Self-Recon guable Robots/Systenand ApplicationsWorkshop
Room32-D463

Wei-Min Shen,University of SouthernCalifornia
Mark Yim, University of Pennsylania
DanielaRus,Massachusettdastituteof Technology
Eric Klavins, University of Washington

Greg Chirikjian, JohnHopkinsUniversity

URL: www.isi.edu/robotsiorkshop2005/

Description:  Self-recon gurablemodular robots are metamorphicsystemsthat
canautonomouslchangetheir logical or physical con gurations (suchas shapes,
sizes,or formations),as well astheir locomotionand manipulation,basedon the
missionandthe ervironmentin hand. Becauseof their modularity versatility self-
healingability andlow costreproducibility suchrobotsprovide a e xible approach
for achieving comple tasksin unstructuredand dynamicernvironments. They are
well suitedfor applicationsuchassearchandrescuereconnaissanceelf-assembly
inspectionsn hazardougrvironments,and explorationin spaceand ocean. They
alsoposefundamentatesearclthallengegor roboticsandothermajor brancheof
computersciencemechatronicandcontroltheory

The challengesare due to the dynamictopology of the network of modules,the
limited resource(power, size, torque, precisions,etc.) of individual modules,the
dif culties in global synchronizationthe preclusionof centralizeddecisionmak-
ers, and the unreliability of communicationamongmodules. This workshopwill
presentthe recentprogressin the researchcommunityfor thesechallengingtasks
andtheir real-world applicationsin spaceandotherrelated elds. We will present
distributed control architectureand algorithms,discussthe ability of plug-and-play
mechatronicpartsandarbitrarily reshufing modules(body-parts)n systemsdis-
cussthe recenttheoreticaldevelopmentfor self-recon gurablesystemsanalyzethe
hardware/softvare challengesve faceto make theserobotsfor multifunctional ap-
plications,andoutlookthefuture of this exciting researchopic.

57



WorkshopW5 Wbrkshopon Modular Foundationgor Contol and Perception
Room32-144

OdestChadwicle Jenkins Brown University
MonicaNicolescu,University of Nevada,Reno
RodericGrupen,University of Massachusett&mherst
RichardAlan Peterdl, VanderbiltUniversity

URL: www.cse.unedu/monica/Conferences/rsgmfcp05.html

Description: Advancesn the eld of roboticshave begunto realizesophisticated
robotic platformswith increasinglyricher sensingrequirements.In additionto in-
creasingrobot functionality, roboticsresearcheralso strive towardsincreasingthe
accessibilityof robotcontrolto greatersegmentsof society Thebalancingof greater
robot functionality versusgreaterrobot accessibilitycanbe dif cult. In addressing
theseissues greateremphasidhasbeenplacedtowardscreatingand building upon
basic modularcomponents. Using neurosciencend biology as inspiration, such
modulesreduceof the complity of the control and sensinginterfaceswhile pro-
viding necessarjyunctionality.

More speci cally, we considera module(or "primitive” or "behavior”) to encodes
a link betweenperceptionand motor control. This link furthersthe computational
processthat enablesa robot to achiese or maintaincertaingoals. A basisset of
suchprimitivesis sufcient, throughvariouscombinationoperatorsfor generating
the entire movement/actiity repertoireof a robot. As a consequencéhe develop-
ment, learningand utilization of suchprimitivesrobot control hasbhecomean area
of highinterestin high DOF systemgsuchashumanoids)|earningby imitation or
demonstratiomndunderstandingf useractvity or intent.

Theworkshopwill exploremodularfoundationdor robotcontrolandperceptiorand
will addresshreebasicareas:

developmentandlearningof modularprimitives
utilization of modularfoundationsor both controlandperception
utilization of known primitivesfor symbolgroundingin higherlevel methods
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WorkshopW6 RoboticsEducationWorkshop
Room32-D461

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

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

Description: Roboticsprovides the perfecteducationakool for introducingstu-
dentsto embeddedystemsandcomputatiorfor interactingwith the physicalworld.
Severaluniversitieshave alreadyintroducedspecialtopicscourseson robotics. The
curriculaand hardware platformsfor thesecourseds quite varied andthe goalsof
the coursediffer acrossME, EE, and CS departments.We wish to leveragethis
excellentbody of knowledgeanddiscusshow to develop anintegratedapproacho
teachingroboticsthat will train studentssimultaneouslyin in foundationalaspects
of designingcontrolling,andprogrammingobotsandembeddedystems.The ob-
jective of this workshopis to evaluatethe stateof the art for undegraduateobotics
educatiomanddiscusshow to build on this experienceoward a broadintegrationof
roboticsin theundegraduatecurricula.

Our proposedworkshopwill cover topicsincluding: roboticscurricula, hardware
platformsandkits, softwareplatforms,issuegelatedto integratingE, ME, andCS
topicsin onecoursejaboratorycurricula,androle of broadchallengesandcompeti-
tionsin thecurricula.
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Author Instructions

The conferencegroceedinggor Robotics:Scienceand Systemsvill be publishedasa bookby MIT Press.
The nal versionof your paperand all other information necessaryor its publicationwill be due on
June24, 2005 Pleasencorporatdeedback/ourecevedattheconferencénto your nal submissionPlease
readtheseinstructionscarefullyto avoid delayingthe publicationof the proceedings.

1. Title and Authors: If thetitle or authorsfor your paperhave changedsinceyou submittedyour
informationin Januarypleaseemailthe updatednformationassoonaspossibleto

submissions-05@cs.umass.edu

using“RSSinfo change< number " in the subjectline, where< numbep is your papernumberas
it appeardn this conferencdooklet.

2. Author AgreementForm: Oneauthormustcompleteandsignthe authoragreementorm, which
appearson page69 of this booklet (also available for download from the Robotics: Scienceand
System&iomepage)Pleasamail the original, signedauthoragreementorm to thefollowing address
by June24,2005:

Robotics:ScienceandSystems/o Oliver Brock
Departmenbf ComputerScience

University of Massachusettdmherst
140GovernorsDrive

Amherst,MA 01003, USA

3. Formatting: Pleasgrepareyour nal submissioraccordingo thelEEE Transaction$ormattingre-
quirementsA correspondindiatex classle canbeobtainedrom theRobotics:Scienceand Systems
Web site: http://roboticsconference @roboticstemplate.tgz.Pleasedo not modify the formatting
providedin theseles. Any changeo font sizes,pagedimensions|ine spacing.etc. will delaythe
publicationof your paper Pleasedo notincludeary additionalmarkingssuchas“Draft” or “To ap-
pearin..” onthe pages.Paperswill belimited to 8 pages.Robotics:Scienceand Systemffersno
provision for accommodatingaperghatdo not meettheserequirements.

4. Creating PDF les: Delaysin the productionof proceedingsreusuallycausedy the submission
of PDF les thatdid not embedall fonts. Pleasdollow thesesimpleinstructionsto ensurethatthe
PDF le yousubmitdoesnot have this problem.

Documentpreparation using Latex: Pleasereatea PDF le from your Latex sourceby usingthe
following commands:

latex papertex

dvipspaperdvi -o paperps-t letter-Ppdf-GO

ps2pdfpapelps
Theamgumentgo thedvipscommandwill ensurehatall fontsareembeddedh thePDF le produced
by ps2pdf.

Checkingthe PDF le: Beforeyousubmityour le, pleaseopenit in AcrobatReaderin themenu
“File” under“DocumentProperties’you can nd informationabout‘Fonts” Your documenshould
only containType-1fonts. If youfollowedtheinstructionsabore, but your documentsontainsother
typesof fonts, they may have beenincludedaspartof gures. Pleaseensurethat your submission
only containsType-1fonts. If you experiencedif culties creatingPDF les that comply with this
requirementpleasesendemailto submissions-05@cs.umass.gulior to thedeadline.

5. Submission: Pleasesubmityour paperby June24,2005,9pmGMT usingthelink
http://robotics-conference.confmastet
We arelooking forwardto receving your nal submission!
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Author Checklist

Revisedpaperuploadedvia the conferencesubmissiorsoftware
Authoragreementorm signedandmailedto Oliver Brock via physicalmail.

If title or authorshave changednotify submissions-05@cs.umass.edu

Pleasenote: We reservethe right not to publishacceptedpbapes if all informationis not receivedoy June
24,2005.We will alsoexcludepapess that violate our formattingguidelines.

Deadlineis June 24,2005.
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Contributing Authors' Letterof Agreement

(mustbe completedoy contactauthor oneperpaper)

Title of article:

Author(s):

For the purposeof publicationof theabove articlein the booktentatively entitled
Robotics:ScienceandSystemsl

| dowarrantthatwe arethe soleauthorsexceptfor thoseportionsshavn to bein quotations;

| authorizeThe MIT Presdo publishthearticleandto claim copyright in the bookin whichit is published

for all editions,to licensetranslationof the article aspart of translationf the book asa whole,andalso

to licensenonexclusively reprintsandelectronicpublicationsof thearticle;

| authorizeRobotics:Scienceand Systemandits organizersto publishthearticlein electronicform onthe
World Wide Webor its electronicsuccessor

| appointthe editorasour agentin everythingpertainingto the publicationof thearticlein this book;

| agreeto readproofif requestedo do soandotherwiseto cooperateao theendof publication;

And | con rm thatthearticle doesnot violate copyright or otherproprietaryright, thatit containsno mate-
rial thatis libelousor in any way unlawful, thatit hasnot previously beenbeenpublished,n the whole or
in part,exceptasl have advisedthe editorin writing, andthat! will notnow publishthearticlein ary other

editedvolumewithoutthe consenpf The MIT Press.

With this lastexception,we retaintheright to usethe materialin thearticlein any otherwriting of our own,
whetherin articleor bookform.

Signature;

Date:

Address:
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Robotics: Scienceand Systems2006

The 2006 conferencerobotics: Scienceand Systemsvill take placeat the University of Pennsylaniaand
is tentatively scheduledo occur August 16thto 19th, 2006. The conferencewill be chairedby Gaurav
SukhatmendStefanSdaal from USC. The ProgramChair of Robotics:Scienceand System2006will be
WolframBurgard from the University of Freiturg, Germayy.

Furtherannouncememnill be madeat the conferences permanentebsite.
www.roboticsconference.org

A Word On Philosoplhy

Robotics:Scienceand Systemss a singletrack, highly selectve annualconferencehat seeksto shavcase
the very bestresearchn roboticstoday The conferencds new, andthe organizersare eagerto receive
suggestionandto recruitvolunteersvho mightbeinvolvedin yearsto come.In mary ways,thisis a“grass
root” movementinsiderobotics.If this endea&or is to succeedthenit will succeedhroughthe enthusiasm
of mary mary peoplein the eld of robotics.

Herearedesigncriteriafor Robotics:Scienceand System&005.

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

Peoplen theorganizationaktructurerevolve relatively quickly! Areachairsareexpectedo sene for
no morethantwo years to ensurea properinfusionof new talentinto themaindecisionmakingbody.
Otherexecutve positionshave aoneyeartermlimit.

ThePCchair(s)hasauthorityover composinghe PCandtheselectiorof papersaandinvited spealers.
Theprogramchairwill becomehe generalkchairin the next year to ensurecontinuity We anticipate
thatfuture Robotics:ScienceandSystemawill only have a singleprogramchair.

Thethresholdfor acceptingoosterandoral presentatioris identical. As in the nal proceedingthere
will not be ary distinction betweenoral and posterpresentationsin particular noneof the chairs
(generalchairs,programchairs,areachairs)wereeligible for an oral presentationAcceptedpapers
wereautomaticallyassignedo the postersession.

In composingthe conferenceprogram. we apply no biaswith regardsto the geographicorigin of
a paper;we apply no bias with regardsto gender ethnicity, sexual orientation,and various other
criteria. Instead,all selectiondecisionsare purely basedon the quality of a potentialcontrikution.
Thedecisionsarebasedn the scienti ¢ contritutionsof a submissionUnfortunately the numberof
submissiondetweerthe threeprimary regions (Europe,Asia, Americas)was highly unbalancedn
2005,andasaresultsois the nal program.We would love to changethatanddrav in peopleall
aroundtheglobe.

The conferencés heldata universityto reducetheoverall cost. Theorganizationaboardmakeszero
prot; in fact,in all likelihoodsomeof the organizerswill subsidizethe meetingout of their own
discretionafunds.We believe low costsareessentiato enablestudentgo participate.

The conferenceés co-sponsoredly the [IEEE RoboticsandAutomationSociety As aresult,the |[EEE
hasadwertisedthe meetingghroughvariouschannels We anticipatethatthis conferencewill notbe
adoptedby ary of the major professionabrganizationsin the eld, but would like to continueour
goodworking relationshipswith the IEEE.
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