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Session: WeA1-1 Wednesday, April 26
���

08:20-10:00, Parlor 1

Mobile Robots 1
Chairs: Alberto Elfes, Xiaoping Yun

Geometric Kinematics Modeling of Omni-directional
Autonomous Mobile Robot and Its Applications

D. S. Kim, H. C. Lee and W. H. Kwon
Seoul National University

Topological Characterization of Safe Coordinated Vehicle
Motions

R. J. Milgram � and S. G. Kaufman �
� Stanford University and � Sandia National Laboratories

� Necessityof PracticalandSimpleKinematics
Modelingfor theDevelopedOmni-directional
Mobile Robot

� GeomerticKinematicsModel, Basic
TrajectoryAnalysisusingProposedKinematics

� PathErrorControlusingBasicTrajectory,
NavigationTestusingProposedKinematics
Model

� Designof KinematicsandInverseKinematics,
Proving ProposedAlgorithm through
ApplicationsandImplementations

� Problem: Motion Planning
of vehicleson anetwork

� Method: Calculateconfiguration
space

� Theresultingspaceismuch
simplerthanexpected

� Algorithmsbasedonthisspace
implemented

Landmark-Based Safe Path Planning for Car-Like Robots
A. Lambert and Th. Fraichard

INRIA

A Utility Approach to Multi-Agent Coordination
T. B. Gold, J. K. Archibald and R. L. Frost

Brigham Young University

� Nonholonomicpathplanningintegrating
cumulative drift error

� Define& uselocalizationregions
basedon world features

� Safepathsplannedfor indoor,
car-like vehicle

� Uncertainty& nonholonomydealt
with in pathplanning

� Devisedistributedalgorithm
for robotstocreateformation

� Satisficingapproachused,
similartocost-benefitanalysis

� Distance, convergencemeasured
asnumberof robotsvaries

� Praxeicutility approachflexible,
effective

A New Local Path Planner for Nonholonomic Mobile Robot
Navigation in Cluttered Environments

G. Ramirez and S. Zeghloul
Universite de Poitiers

Precision-calibration of Fiber-optics Gyroscopes for Mobile
Robot Navigation

L. Ojeda, H. Chung and J. Borenstein
University of Michigan

	 FeasibleVelocitiesPolygon- a
new obstacledescription

	 A two-moduleplannerinspired
by theBugalgorithm

	 Optimization-basedapproachwith
globalconvergence

	 Well adaptedfor usewith embarked
sensors


 Biasdrift is small, non-linearity
andtemperaturedependency become
significant.


 Calibrationmethoddescribedhere
aimsatreducingtheresultingerrors.


 Reductionof errorsof oneorder
of magnitudewereobtained.


 Gyrocalibrationshown to improve
theperformancedramatically.
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Session: WeA1-2 Wednesday, April 26
���

08:20-10:00, Parlor 2

Visual Servoing 1
Chair s: Peter Allen, Minoru Asada

Visual Servoing from Lines
Nicolas Andreff, Bernard Espiau and Radu Horaud

INRIA Rhone-Alpes

Adaptive Binocular Visual Servoing for Independentl y Moving
Target Tracking

M. Asada, T. Tanaka and K. Hosoda
Osaka University

� Positioninga camerawith
respectto asetof lines

� Explicit control law using
binormalizedPluckercoordinates
of a line

� Globalconvergencetheorem

� Applicationto theorthogonal
trihedroncase

� Unknown MovingObjectTracking
basedon Adaptive Visual
Servoing

� StereoEpi-polarConstraint
andVirtually StationaryTarget

� BetterPerformanceThanConventional
Adaptive VisualServoing

� A Proposalof OneExtension
of AVSandSuccessof Application

Visual Tracking using Dynamic Transition in Groups of Affine
Transf ormed Templates

Ken Ito and Shigeyuki Sakane
Chuo University

Robust Vision Based 3D Trajector y Tracking Using Sliding
Mode Contr ol

P. Zanne, G. Morel and F. Plestan
Universite of Strasbourg 1

� View-basedvisualtracking
of anobjectin 3Denvironment

� Affinetransformedtemplates
generatedfromgeodesicdomes

� Visualtrackingtasksin manipulation
androbotnavigation

� The systemcancopewith
thechangesof thetemplate’s
appearancein the3Denvironment.

� Conventional3Dvisualservoing
suffersfromalackof robustness

� Studyof theeffectof camera
calibrationerrorson the 6
DOFposereconstruction

� Robustnesstoboundedparametric
errorsusing sliding mode
control

� Accurate6DOFtrackingexperiments
underweakcalibration

Joint Coupled Compensation Effects in Visuall y Servoed
Tracking

P. Oh and P. Allen
Columbia University

Contr olling Robots With Two Cameras: How to Do it Properl y
B. Lamiroy, B. Espiau, N. Andreff and R. Horaud

INRIA Rhone-Alpes

� Problem: Robotically monitor a
largeassemblyworkcellwith ahybrid
5-DOFrobot

� Approach: Partitiondegrees-of-freedom;
visuallyservo pan-tiltunit andkinematically
servo cartesiangantry

� Results: Joint-couplingimproves
trackingperformanceby reducing
lag

� Conclusions: FastbandwidthDOF,
whenvisuallyservoed, physically
actasleadcompensatorsfor slower
joints

� Developsoundframework
for stereovisualservoing

� Constraintminimizationhandling
epipolargeometry

� Higherconvergenceprecision
andsmoothermovements

� Stereois more robust and
moreflexible thanmono
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Session: WeA1-3 Wednesday, April 26
���

08:20-10:00, Parlor 3

Fuzzy Logic Systems
Chairs: Toshio Fukuda, Ren C. Luo

Application of Multiple Fuzzy-Neuro Force Controllers in an
Unknown Environment Using Genetic Algorithms
K. Kiguchi � , K. Watanabe � , K. Izumi � and T. Fukuda �

� Saga University and � Nagoya University

Fuzzy PD+ Control for Robot Manipulators�
V. Santibanez, � R. Kelly and

�
M. Llama�

Instituto Tecnologico de la Laguna and � CICESE

� Realizepreciseforce control
in anunknown environment

� Multiple fuzzyneuroforcecontrollers
arecombinedwith aproperratio
usingGA

� Desiredforceresponsehasbeen
generatedin several kinds of
environments

� An effectiveforcecontrolmethod
hasbeenproposedusing soft
computing

� Introduction

� FuzzyPD+ Control: Stability
Analysis

� ExperimentalEvaluation

� Conclusions

Mobile Target Tracking Using Hierarchical Grey-Fuzzy Motion
Decision-Making Method
T. M. Chen and R. C. Luo

National Chung Cheng University

Fuzzy-Sliding Mode Control with the Self Tuning Fuzzy
Inference Based on Genetic Algorithm

S. J. Go and M. C. Lee
Pusan National University

	 Thefuzzyinferencerulesshould
bedeterminedonlybyanexpert.

	 A self tuning fuzzy inference
methodby thegeneticalgorithm.

	 Theoptimalfuzzyinferencerules
by thegeneticalgorithmareautomatically
selected.

	 Althoughdesignerisanon-expert,
thefuzzy-slidingmodecontroller
canbedesignedby theselftuning
fuzzy inferencemethod.

Adaptive Fuzzy-Neural Observer for A class of Nonlinear
Systems

Yih-Guang Leu 
 and Tsu-Tian Lee �

 Lee-Ming Institute of Technology and � National Taiwan University of

Science and Technology

Fuzzy and Recurrent Neural Network Motion Control among
Dynamic Obstacles for Robot Manipulators

J. B. Mbede, X. Huang and M. Wang
Huazhong University of Science and Technology

� Designinganadaptivefuzzy-neural
observer for a classof uncertain
nonlinearsystems

� ObtainedbyH-infinity controltechnique
andthestrictlypositiverealLyapunov
designapproach

� Simulatingtheobserverfor asingle-link
robotplantandshowing satisfactory
performance

� Providing themodelingerrorand
theexternalboundeddisturbance
attenuationwith H-infinity performance

 In the potential field approachto path
planning, the developmentof the APF
is computationallyintensive operation.

 Theproposedfuzzy obstacleavoidance
entailsattractiveandrepellingforcesprovided
by two inputs.

 therobotusingtheproposedrobustneuro-fuzzy
motion control, succesfullyavoids the
moving, unknown andstaticobstacles.

 Theuseof theproposedneuro-fuzzymotion
controlleris very attractive for realtime
applicationswheremanipulatordynamics
canexperienceparametervariations, load
changesandany possibleexternaldisturbances.
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Symposia: WeA1-4 (S) Wednesday, April 26
���

08:20-10:00, Ballroom 4

Motion Planning
Organiz ers & Chair s: Lydia Kavraki, Steven M. LaValle

Current Appr oaches to Motion Planning
Lydia Kavraki

Rice University

Path Planning Using Lazy PRM
R. Bohlin � and L. Kavraki �

� Chalmers University of Technology and � Rice University
� Addressessinglequerypath

planningin high-dimensional
configurationspaces

� Presentsa variationof the
ProbabilisticRoadmapMethod
designedtominimizecollision-checking
andhencerunningtime

� Providesexperimentalresults
fromanindustrialenvironment

� Concludesthatthenew planner,
calledLazyPRM, isefficient
in practice

Enhancing Randomiz ed Motion Planner s Exploring with Haptic
Hints

O. B. Bayazit, G. Song and N. M. Amato
Texas A&M University

Kinod ynamic Motion Planning Amidst Moving Obstac les
R. Kindel, D. Hsu, J. C. Latombe and S. Rock

Stanford University

� Cooperative motion planning
byuserandautomaticplanner.

� User’shapticallycollectedinput
guidesplanner’s exploration.

� Largeimprovementsachieved
by pushingapproximatepaths
to freespace.

� Visual/forcefeedbackextremely
useful.

� Many robotsrequriesfast, kinodynamic
motionplanningin dynamicworkspaces.

� A single-query, random-control
basedmotionplannerwasdeveloped.

� Hardwareexperimentsandsimulations
were done for a spacerobot
amongmoving obstacles.

� Theplannerefficiently generates
kinodynamicallyconstrainedpaths
usableby realrobots.

A Framework for Planning Feedback Motion Strategies Based
on a Random Neighborhood Graph

L. Yang and S. M. LaValle
Iowa State University

Real-Time Replanning in High-Dimensional Configuration
Spaces Using Sets of Homotopic Paths

Oliver Brock and Oussama Khatib
Stanford University

� Build avolumetricapproximation
tohigh-DOFfreespaceusing
anetwork of randomly-chosen
neighborhoods.

� Exploit existingalgorithms
for efficientdistancecomputation,
pointlocation, andneighborhood
intersections.

� Ensurerepresentationquality
byusingprobabilistictermination
condition.

� Guidetherobotusingquickly-reconfigurable,
globalnavigationfunctions
thatallow feedback.

	 Motionexecutionin dynamicenvironments
mustbereactive

	 Elasticstripsasapproachto real-time
replanning

	 Workspacevolumeusedto represent
setof homotopicpaths

	 Real-timepathmodificationfor high-DOF
robotsin dynamicenvorinments
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Symposia: WeA1-5 (S) Wednesday, April 26
���

08:20-10:00, Ballroom 5

Human Augmentation and Assist Devices
Organiz ers & Chair s: Harry Asada, Hami Kazerooni

Surface Waves for Active Transpor t of Bedrid den Patients
Joseph Spano and H. H. Asada

Massachusetts Institute of Technology

Design and Contr ol of Human Assisted Walking Robot
Peter D. Neuhaus and H. Kazerooni

University of California, Berkeley

� ManeuversHeavy Loadsfor ExtendedPeriodsof Time

� SpeedProportionalwith HumanForce

� Stabilizedby Human,Practical

� Poweredby anIC Engine

PAMM - A Robotic Aid to the Elderl y for Mobility Assistance
and Monitoring: A ”Helping-Hand” for the Elderl y

S. Dubowsky, F. Genot, S. Godding, H. Kozono, A. Skwersky, L. S.
Yu and H. Yu

Massachusetts Institute of Technology

Detection of Human Mistakes and Misrepresentation for Human
Perceptive Augmentation: Behavior Monitoring Using Hybrid

Hidden Markov Models
M. Hiratsuka � , � and H. H. Asada �

� Kawasaki Heavy Industries Co., Ltd. and � Massachusetts Institute
of Technology

� To identify and develop the enabling
technologiesfor amobility aidandhealth
monitoringsystemfor theelderly.

� Key technologiesdevelopedinclude: Planning
andControl, EnvironmentalMapping,
Human-machineInterface, HealthMonitoring

� Labandfield testshaveshown thefeasibility
of theconceptanddemonstratedgood
performanceof thesystem

� ThePAMM systemhasbeenwell recieved
by theusers

� Mistakesandmisperceptionin operating
complex systems, suchasassistdevices
for elderlyandhandicappedpeople, might
leadto aseriousaccident.

� Standing-upfailuresareassumedto be
causedby mistakesandmisperception
in ahumanmotion.

� HiddenMarkov ModelsandFiniteAutomata
of ahumanmotionevaluatetheappropriateness
andtheconsistency of ahumanmotion.

� Ourapproachisappliedtoastanding-up
assistdevicefor elderlyandhandicapped
people.

Mobile Robot Helper
K. Kosuge, M. Sato and N. Kazamura

Tohoku University

A Human-Robot Interface Using an Interactive Hand Pointer
that Projects a Mark in the Real Work Space

Shin Sato and Shigeyuki Sakane
Chuo University

� Human-RobotCooperation

� ControlAlgorithmSpecifies
theApparentDynamicsof
theObject

� LoadSharingisRealizedby
IntroducingLifting-up/down
System

� HumanandRobotExecute
theTaskin Cooperationwith
EachOther

	 Projector-basedAugmented
Realityfor human-robotinterface

	 Trackinganoperator’spointing
handandprojectingamark

	 Pick-and-placetasksusing
CCD camerasandinfrared
cameras

	 TheIHP is ausefultool for
human-robotinteraction.
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Symposia: WeA1-6 (S) Wednesday, April 26
���

08:20-10:00, Ballroom 6

Medical Robotics
Organizers & Chairs: Russell Taylor, Nicholas Ayache

An Overview of Medical Robotics
R. H. Taylor

Johns Hopkins University

Anisotropic Elasticity and Force Extrapolation to Improve
Realism of Surgery Simulation

G. Picinbono, J. C. Lombardo, H. Delingette and N. Ayache
INRIA, Sophia-Antipolis

� Computer-IntegratedSurgeryasCIM of the21’st Century

� Human-machinecooperationin information-intensive tasks

� Robotsystemsto enablenovel treatments

� Researchcombinesrobots, computing, andHMI

� Realtimesurgerysimulation
with forcefeedback

� Anisotropicelasticity, finite
elementsandforceextrapolation

� Applicationsto laparoscopic
liversurgeryandvesselsmodelling

� Simulationof surgicalgesture
with goodvisualandhaptic
rendering

Evaluating Control Modes for Constrained Robotic Surgery
F. Lai and R. D. Howe

Harvard University

Preliminary Experiments in Cooperative Human/Robot Force
Control for Robot Assisted Microsurgical Manipulation

R. Kumar, P. Gupta, A. Barnes, P. Jensen, L. L. Whitcomb and R. H.
Taylor

Johns Hopkins University

� Incisionconstrainsminimally
invasive roboticsurgery

� Comparecontrol: screenvs.
instrumentmapping, 4 vs.
6 DOF

� Bestperformance: 4 DOF
with instrumentmapping

� Controlshouldreflectinstrument
constraints

� Forcesensingonuserhandle
andinstrumenttip

� Robotholdsinstrumentand
compliesto userforcesfor
’steady-hand’ cooperativemanipulation

� Stablecontactand1/25scaled-down
forcetrajectorytrackingshown
with compliantspringand
animaleye tissue

� Systemenhancesuserdexterity,
reducestremor, andextends
user’s hapticsensitivity

The Intuitive Tele-Surgery System: Overview and Application
Gary S. Guthart � and J. Kenneth Salisbury Jr. �
� Intuitive Surgical Inc. and � Stanford University

Neurobot: a special-purpose robot for Neurosurgery
B. Davies 	 , S. Starkie 	 , S. J. Harris 	 , E. Agterhuis 
 , V. Paul � and L.

M. Auer �
	 Imperial College, 
 Fokker Control Systems, � IBMT, Fraunhofer

Institut fur Biomed Technik, A G Medizin Telematik, St Ingbert and
� ISM, Institute of Applied Sciences in Medicine, Salzburg, Austria

 Enhancementof minimally invasive
surgical dexterity

 Developmentmaster-slavesurgical
telerobot

 Systemusedin hundredsof human
casesincluding beatingheart
bypass

 Teleroboticscanradicallyenhance
surgical performance

� Robotprovidesprecisecontrolof
endoscopictools

� Forcecontrolputsthesurgeonin
charge, guidingtherobot

� Active constraintsprevent injury
to healthytissue

� Evaluationby neurosurgeonsusing
brainphantoms

56



Session: WeA1-7 Wednesday, April 26
���

08:20-10:00, Parlor 7

Static and Dynamic Contact
Chairs: Imin Kao, Dinesh Pai

Active Measurement of Contact Sounds
Joshua L. Richmond and Dinesh K. Pai

University of British Columbia

A Tapping Microprositioning Cell
W. H. Huang

Rensselaer Polytechnic Institute

� Automaticacquisitionof sound
measurements.

� Usesaspecial

� Measurementsusedtocreate
asoundmodelof anobject.

� Producedgood modelsof
abrassvase.

� Positionspartspreciselywithin
thecell by tappingthepart.

� Tappingactuatorsareplacedabout
theperimeterof thecell.

� Thesystemis controllable.

� Wegiveapositioningalgorithm
andshow simulatedresults.

Neighborhood Equilibrium Grasp for Multiple Objects
K. Harada and M. Kaneko

Hiroshima University

About Friction in Walking Machines
F. Pfeiffer and Th. Rossmann

Technische Universitaet Muenchen
� We discussthe neighborhood

equilibriumwherethesystem
canbeshiftedtoanotherequilibrium
stateevenwhenthecurrentequilibrium
is broken.

� Wediscusstheequilibriumgrasp
for multiple objects.

� We evaluatethe robustnessof
theequilibriumstateby utilizing
therotatingangleof thesystem.

� Weshow severalnumericalexamples
to verify our idea.

� Gearsin WalkingMachinesand
Robots, HarmonicDrives

� Multibody theorywith unilateral
contacts

� Efficiency of HarmonicDrives

� Powerful tool for designand
friction observer layout

Instantaneous Evaluation of Friction Based on ARTC Tactile
Sensor

H. Shinoda, S. Sasaki and K. Nakamura
Tokyo University of Agriculture & Technology

Study of Soft Finger Contact Mechanics Using Finite Elements
Analysis and Experiments

Nicholas Xydas, Milind Bhagavat and Imin Kao
SUNY Stony Brook

� Detectingafriction coefficient
at the momentof touch, with
nopreliminarymotions.

� An ARTC measurestwo skin
stresscomponentsparalleland
verticalto thesurface.

� Stressparallelto thesensorsurface
dependedon thefriction.

� ARTCtactilesensorsensesfriction
coefficientatthemomentof touch.

� Nonlinear FEM modeling
andsimulationof softfinger
contact

� Experimentsandmodelverification

� Normalforcevs. radiusof
contact, pressuredistribution

� Limit surface
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Session: WeA1-8 Wednesday, April 26
���

08:20-10:00, Parlor 8

Discrete Event Dynamic Systems 1
Chairs: MuDer Jeng, Meng Chu Zhou

Manufacturing Modeling Using Process Nets with Resources
MuDer Jeng � , Xiaolan Xie � and YiSheng Huang �

� National Taiwan Ocean University, � INRIA/ENIM - Ile du Saulcy and
� Fu-Shin Institute of Technology and Commerce

Modeling and Performance Evaluation of a Controlled IC Fab
Using Distributed Colored Timed Petri Net

C. H. Kuo and H. P. Huang
National Taiwan University

� Introduction

� TheProposedNetsandtheir
Conditions

� QualitativePropertiesof PNRs

� Conclusions

� Forhighlymodel-mixedand
flexible routingmanufacturing
system

� Integratewith MESsystem

� Provide conflict resolution
andtokencompetitionrules

� Considerthroughput, stage
move,WIP(waferin process)
distribution, lot cycle time,
utilizationof IC Fab

Disassembly Modeling, Planning, and Application: A Review
Y. Tang � , M. C. Zhou � , E. Zussman 	 and R. Caudill 


� New Jersey Institute of Technology, 	 Technion Israel Institute of
Technology and 
 MERC

Adaptive Supervisory Control under Sensor Unavailability
H. Darabi and M. A. Jafari

Rutgers University

� Motivation

� ModelingDisassemblyProcesses

� DisassemblyProcessPlanning

� Conclusion

Developing a Web-enabled Equipment Driver for
Semiconductor Equipment Communications

F. T. Cheng, M. T. Lin and R. S. Lee
National Cheng Kung University

Incremental Optimization of Timed Cyclic Event Graphs
A. Giua, A. Piccaluga and C. Seatzu

University of Cagliari

� Connectingadifferentmachineto
an Eq managerusually needsto
modify the associatedEq driver,
which is diffcult.

� Tosolvethisproblem, wepropose
aWeb-enabledEq Driver (WED)
thatusesthemobileobjecttechnology
& awebbrowser.

� It hasbeenbuilt atNCKU andwill
bedemoed.

� TheproposedWED establishesa
novel, efficient, andversatilescheme
for semiconductorEqcommunications.

 Problem: allocateagivennumber
of tokenstokenssoastomaximize
thefiring rateof acyclic eventgraph

 Solution: incrementaloptimization
algorithm

 Thealgorithmisveryefficientboth
in termsof computationaltimeand
memoryrequirements

 Necessaryandsufficientconditions
for theconvergenceto theoptimum
have beenprovided
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Session: WeA1-9 Wednesday, April 26
���

08:20-10:00, Parlor 9

Humanoids
Chair s: Ruedig er Dillmann, Shig eki Sugano

Mobile Manipulation of Humanoids: Real-Time Contr ol Based
on Manipulability and Stability

K. Inoue, H. Yoshida, T. Arai and Y. Mae
Osaka University

Planning of Joint Trajectories for Humanoid Robots Using
B-Spline Wavelets

Ales Ude � , Christopher Atkeson � and Marcia Riley �
� Japan Science and Technology Corporation and � Georgia Tech

� Integratedmanipulationandlocomotion
of humanoids

� Arm controlfor carryingoutobjective
tasks

� Autonomouslocomotioncoordinating
with armmotion

� Experimentalrobotwith externalforce
appliedto

� Generationof humanlikefull-body
motions

� MultiresolutionB-splinewavelet
representation

� Large-scaleoptimizationwith
a trustregion method

� Applicationto thegeneration
of Okinawandancemovements

Human Symbiotic Robot Design based on Division and
Unification of Functional Requirements

T. Morita, H. Iwata and S. Sugano
Waseda University

Comple x Contin uous Meaningful Humanoid Interaction: A Multi
Sensor y-Cue Based Appr oach

G. Cheng and Y. Kuniyoshi
ElectroTechnical Laboratory, ETL

� A Targetof thisstudyisdevelopmentof humansymbioticrobots,
whichcansupportdaily work in humanfsliving space.

� For ensuringimpact safety, a simulation model and several
mechanismsareproposed. As regardstodexterity, handmechanisms
aredevelopedwith focusingon pressurecontrolability.

� Effectivenessof the designmethodis confirmedfrom several
evaluationexperiments, suchascookingtasks.

� A designmethodof humansymbiotic robots, which have the
possibilitiesfor ensuringsafetyanddexterity, is proposed.

An Anthr opomorphic Head-Eye Robot expressingEmotions
based on Equations of Emotion

Atsuo Takanishi, Kensuke Sato, Kunio Segawa, Hideaki Takanobu
and Hiroyasu Miwa
Waseda Univeristy

Design of Active/P assive Hybrid Compliance in the Frequenc y
Domain - Shaping Dynamic Compliance of Humanoid Shoulder

Mechanism
M. Okada � , Y. Nakamura 	 and S. I. Hoshino �

� University of Tokyo and 	 Japan Science and Technology
Corporation


 Our motivation is developingfunction
for ahumanoidrobothaving theability
tocommunicatenaturallywith ahuman.


 Thesub-systemasthetactilesensation
recognizing’push’, ’stroke’ and’hit ’.


 Equationsof Emotionfor the3Dartificial
psychologicalmodel.


 TherobotcanexpressEmotionsbased
on Equationsof Emotionchangingby
externalstimulation.

� Technicaldesignof active/passive
hybridcompliance

� Dynamiccompliancein the
frequency domain

� H � controltheoryandsys-
temsidentificationmethod

� Humanoidtorsorobotwith
thecyberneticshoulder
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Session: WeA2-1 Wednesday, April 26
���

10:20-12:00, Parlor 1

Sensing and Motion Planning
Chair s: Vladimir Lumelsky , Shin’ic hi Yuta

Modeling Motion Uncer tainty of Moving Obstac les for Robot
Motion Planning

J. Miura and Y. Shirai
Osaka University

Manipulative Difficulty Index of a Mobile Robot with Multiple
Trailer s in Pushing and Towing with Imperf ect Measurement

W. Li, T. Tsubouchi and S. Yuta
University of Tsukuba

� ProbabilisticModelof Obstacle
Motion

� VelocityUncertaintyandPath
Ambiguity of Obstacle

� ObservationUncertaintyof
Robot

� Decision-TheoreticRobotMotion
Planning

� ManipulativeDifficulty Index(MDI)

� MDI EvaluationExamples

� StochasticLinearFeedback
Controller

� LineFollowing for Tractor-trailer
System

Exact Cellular Decompositions in Terms of Critical Points of
Morse Functions

H. Choset, E. Acar, A. A. Rizzi and J. E. Luntz
Carnegie Mellon University

Real-Time Generation of Collision-Free Paths for a Mobile
Sphere

E. J. Bernabeu and J. Tornero
Universidad Politecnica de Valencia

� ExactCellularDecomposition
in Termsof Critical Points

� MorseFunctionsandCritical
Points

� DifferentDecompositionPatterns
for DifferentFunctions

� A FrameWork for Motion
PlanningAlgorithms

� Path Planningof a Mobile
Sphere

� HoughTransformApplication.
Minimum VolumeLocus

� Generationof 3DandSeveral
2D Pathsin RealTime

� LinearComplexity for Generating
Several2D Paths

On Relating the Disconnectedness of a Contact Formation to
the Geometric Proper ties of its Constituent Objects

D. Johnston and J. Xiao
University of North Carolina - Charlotte

Deformab le Volumes in Path Planning Applications
E. Anshelevich, S. Owens, F. Lamiraux and L. Kavraki

Rice University

� Configurationsof thesamecontact
formationmaybedisconnected.

� Disconnectednessdependson
thegeometryof contactingobjects.

� For polygons, somenecessary
geometricalconditionsarepresented
for disconnectedness.

� Theresultsareusefulfor quickly
checkingif a CF hasdisjoint
configurations.

� PRMextendedtoaclassof three-dimentional
deformablevolumes(with full 3D
bending)

� Pathsconsistingof minimal-energy
deformations

� Mass-SpringRepresentationof the
deformablevolumes

� Pathplanningfor anelasticpipe/wire:
anextendedexample
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Session: WeA2-2 Wednesday, April 26
���

10:20-12:00, Parlor 2

Navigation and Mapping
Chair s: Gregor y Dudek, Gaurav Sukhatme

Rover Maneuvering for Autonomous Vision-Based Dexter ous
Manipulation

I. A. D. Nesnas, M. W. Maimone and H. Das
Jet Propulsion Laboratory

Fault Detection and Identification in a Mobile Robot Using
Multiple Model Estimation and Neural Network

P. Goel, G. Dedeoglu, S. I. Roumeliotis and G. Sukhatme
University of Southern California

� Problem: Autonomousrock sampleacquisition
andinstrumentplacement

� Approach: Usedvehicle’smobility systemtocompensate
for limited dexterity of manipulatorsand used
stereovision for feedbackandtargettracking.

� Results: Successfullyperformedmultiple rock
sampleacquisitionsof selectedtargets from a
distanceof morethanonemeterawayandinstrument
placementfromadistanceof morethanfivemeters
away.

� Conclusions: Furtherrefinementsto algorithms
areneededto increaserobustnessandhandlemore
challengingterrain.

� AutomatedDetectionandIdentification
of faultsin amobilerobot.

� Faultmodelsareembedded
in parallelKalmanFilterestimators.
Thesetof residualsisprocessed
byabackpropagationNeural
Network.

� Faults are simulatedon a
real robot. Datacollected
for 8differentkindsof faults.

� Proposedschemeis ableto
detectandidentify bothsensor
andmechanicalfailures.

On-line Construction of Iconic Maps
E. Bourque and G. Dudek

McGill University

Obstac le Avoidance on a Legged Robot without 3D
Reconstruction of the Surr oundings

Y. H. Chow and Ronald Chung
The Chinese University of Hong Kong

� Whencreatingimage-basedvirtual reality, how
dowe decidewhich imagesto retain?

� Alpha-backtrackingis introducedto decide
whentokeepimagesbasedonpartialstatistical
knowledge.

� With minimal backtracking, the resultsare
closeto theidealoff-line case.

� Alpha-backtrackingcanprovidefavorableresults
whendatastoragemustbeminimized.

� Leggedlocomotiononaground
plane

� Obstacledetection

� Obstacleavoidance

� Real-timeimplementationof
completesystem

Multiple-Goals Path Planning for Coor dinate Measuring
Machines

S. N. Spitz and A. A. G. Requicha
University of Southern California

Combination of Model-based and Reactive Methods in
Autonomous Navigation

D. Maravall, J. de Lope and F. Serradilla
Technical University of Madrid

� AutonomousNavigationof
Mobile Robots: from Map
Building toRoutePlanning
andExecution

� Combinationof Model-based
NavigationandReactiveNavigation
EnlargesMobileRobot’sAutonomy

� MapBuilding Usingthe

� HybridNavigationSystems
Fully Testedin Office-like
Environments
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Session: WeA2-3 Wednesday, April 26
���

10:20-12:00, Parlor 3

Contr ol and Applications 1
Chair s: Erwin Prassler , Alber to Rovetta

Proposition and Basic Experiments of Shape Feedback
Master -Slave Arm - On the Application for the Demining Robots

-
Shigeo Hirose and Keisuke Kato

Tokyo Institute of Technology

Single Rigid Bod y Representation, Contr ol and Stability for
Robotic Applications

H. Hemami � and B. Dariush �
� The Ohio State University and � Honda R&D Americas, Inc.

� Developaconvenient, robust, andstablealgorithmto represent
rigid bodysystems.

� Lyapunov’s methodis usedto prove stability.

� The theory is verified using a single segment rigid body
model.

� A simple, modular, andstablefeedbackstructurehasbeen
developed.

Dynamic modeling and identification of earthmo ving engines
without kinematic constraints: application to the compactor

E. Guillo and M. Gautier
Institut de Recherche en Cybernetique de Nantes(IRCyN)

An Industrial Application of Contr ol of Dynamic Behavior of
Robots - A Walk-Thr ough Programmed Welding Robot

M. H. Ang Jr. � , L. Wei � and L. S. Yong �
� National University of Singapore and � Gintic Institute of

Manufacturing

� A betterknowledgeof earthmoving
enginesbehavior is needed

� Their diversity requiresan
extendedclassicalrobotdescription

� Dynamicmodellingwithout
kinematicconstraintsisproposed

� Dynamicidentificationisperformed
onaninstrumentedengine

	 A humanly-intuituvewayto
commandmotionof arobot

	 Using

	 Walk-throughachievedwith
forcesensorandmotionresponse
regulatedaccordingtodesired
dynamics

	 Improvedweldingin shipyards
duetobetterqualityandease
in teaching

A frame work for decentraliz ed contr ol of autonomous vehic les
Daniel J. Stilwell and Bradley E. Bishop

U.S. Naval Academy

A Robotic Road Sweeper
E. Prassler 
 , D. Schwammkrug 
 , B. Rohrmoser � and G. Schmidl �

 University of Ulm, � University of Stuttgart and � Alfred Kaercher

GmbH

 Goal:minimizecommunication
amongcooperatingvehicles

 Environmentalinteractionsare
modeledasfeedbackpaths

 Solutionbasedonsystemstheory
andobserver design

 Designexamplewith autonomous
underwatervehicles

� HardwareandSoftwareDesign

� MotionPlanningfor anOutdoor
CleaningRobot

� ExperimentalResults

� Conclusions
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Symposium:� WeA2-5(S) Wednesday, April 26
���

10:20-12:00, Ballroom 5

National and International Research and Development
Programs and Projects

Chair: Georges Giralt, LAAS-CNRS, France
Speakers:

R. Bajcsy, NSF
G. Bekey, Universityof SouthernCalifornia
S.Bensasson,FutureEmergingTechnologiesUnit, IST, EuropeanUnion
H. Inoue,Universityof Tokyo
D.E.Okhotsimsky, V. Gradetsky, RussianAcademyof Sciences
S.Sastry, M. Swinson,DARPA/ITO
M. Uhran,S.Lide, NASA

The supportof key enablingtechnologiessuchasIT, micro andemergentnanotechnologiesfostersthe
shift of roboticsand advancedautomationout of the shopfloorand the well engineeredenvironments
towardsahostof novelapplicationsrangingfromfield roboticsto everyday’slife human-centeredrobotics.
The shift in paradigm,which stronglyemphasizeshumanmachineinteraction,calls morethanever for
cooperativeprogramsandprojectsbothat thenationalandinternationallevel.

Thissymposiumattemptsto discussthisshift, startingwith introductoryoutlineontheeffortsbeingcarried
within theInternationalAdvancedRoboticsProgram(IARP), andcontinuingwith two seriesof in-depth
presentations.

Five largescaleprograms:

� Challenges and Opportunities for Robotics Research in the Information Technology Research Ini-
tiative
R. Bajcsy, NSF

� Basic and Applied Research in IT - Bridging the gap in the programs of the European Union
S.Bensasson,IST, EU

� HRP: Humanoid Robotics Project
H. Inoue,Tokyo University

� Robotics at ITO, DARPA
S.Sastry, M. Swinson,ITO, DARPA

� Robotics and the Commercial Development of Space at NASA
M. Uhran,S.Lide, NASA

And two specialpresentations:

� Current Robotics Activities in Russia, Pursuing the Tradition of Pioneering Past Achievements
D.E. Okotsimsky andV. Gradetsky, RussianAcademyof Sciences

� Robotic Assembly of Satellite Power Systems
G. Bekey, Universityof SouthernCalifornia
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Session: WeA2-7 Wednesday, April 26
���

10:20-12:00, Parlor 7

Parallel Mechanisms
Chair s: J. Ang eles, Manfred Husty

A Novel Manipulator Architecture for the Production of SCARA
Motions

J. Angeles, A. Morozov and O. Navarro
McGill University

Anal ytic Jacobian of In-Parallel Manipulator s
D. Kim, W. K. Chung and Y. Youm

Pohang University of Science & Technology (POSTECH)

� Theneedtomovemoderatelyheavy
loadskeepingthemhorizontally

� Twoserialarraysof tilt-panmotion
generatorsareused

� Noneof these. A preliminarydesign
is reported

� SCARA motionsfor moderately
heavy loadscanbeproducedwith
astructurestiffer thancurrentSCARA
systems

� A consistentformulationof
(inverse) Jacobianmatrix.

� Reciprocalscrew relationis
used.

� Analyticexpressionof reciprocal
screw is developed.

� Any (6-DOF) manipulator
canbeanalyzedconsistently.

Determination of the Carria ge Stroke of 6-PSS Parallel
Manipulator s having the Specific Orientation Capability in a

Prescribed Workspace
T. Huang � , B. Jiang � and D. J. Whitehouse�

� Tianjin University and � University of Warwick

On the Optim um Design of Planar 3-DOF Parallel Manipulator s
with Respect to the Workspace

Xinjun Liu, Zhenlin Jin and Feng Gao
Yanshan University

� In thefield of optimaldesignof parallelmanipulators, two problems
aredistinguished: performanceevaluationandsynthesis. Thesecond
problemis todeterminethegeometryof themanipulator. Theclassical
methodsof optimaldesign, likethecost-functionapproach, havedifficulties
to dealwith thisproblem. Many factors, suchasworkspace, dexterity,
singularity, stiffness, areinvolved in theprocessof optimaldesignof
manipulators. The major obscurein this processis how to illustrate
the relationships, from which we can determinethe link lengthsof
manipulators, betweentheperformancecriteriaandthelink lengthsof
manipulators.

� The paperpresentsa useful designtool, the physicalmodel of the
solutionspace, whichcanbeusedto expresstherelationshipsbetween
the performancecriteria andthe link lengthsof manipulators. Then
the performanceatlases, which areuseful for the designerto design
robots, canbeobtained.

� Theworkspacefor planar3-DOFparallelmanipulatorsis investigated
in thedesigntool, andtheperformanceatlasesfor workspacevolume
and workspaceshapeare obtained. The resultsare useful for the
designof theparallelmanipulators

� The resultsshow whenthe workspacevolumeandworkspaceshape
for planar3-DOFparallelmanipulatorscanreachoptimalresult. The
techniqueusedin this papercanalsousedto studyotherperformance
criteriaandtheoptimaldesignof otherserialor parallelmanipulators.

On the Stability Conditions for a Class of Parallel Manipulator s
M. M. Svinin � , K. Ueda � and M. Uchiyama 	
� Kobe University and 	 Tohoku University

Workspace Anal ysis of the ParaDex Robot– a novel,
Closed-Chain Kinematicall y-Redundant Manipulator

Y. Wang 
 , W. S. Newman 
 and R. S. Stoughton �

 Case Western Reserve University and � MicroDexterity Systems,

Inc.

� Stiffnessandstabilityof force
distributions

� Conditionsfor symmetryof
thestiffnessmatrix

� Centerof stiffnessandconditions
for stability

� Stabilizabilityof unstabledistributions
in singularconfigurations

 Motivation: new parallel-mechanism
designhascomplex workspace

 Approach: developfastcollision-detection
algorithmsfor this robot

 Results: canevaluateposes
within 0.5mson PC

 Conclusions: the C-space
iscomplex, but manageable
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Session: WeA2-8 Wednesday, April 26
���

10:20-12:00, Parlor 8

Manufacturing Scheduling
Chairs: Angela Di Febbraro, Li-chen Fu

Advanced Scheduling Methodologies for Flexible
Manufacturing Systems using Petri Nets and Heuristic Search

A. Moro � , H. Yu � and G. Kelleher �
� Liverpool John Moores University and � Exeter University

Local Search Heuristics For the Assembly Line Balancing
Problem With Incompatibilities Between Tasks

J. Bautista, R. Suarez, M. Mateo and R. Companys
Institut d’Organitzacio i Control de Sistemes Industrials (UPC)

� Greedy heuristics and exploration
of search space.

� Proposal: GRWASP for decisions
plus GA for local search.

� Neighborhoods in algorithm:
problem space, heuristic space.

� Results: GA and GRWASP
generally better than others.

Dynamic Scheduling Approach to Group Control of Elevator
Systems with Learning Ability

Y. W. Ho and L. C. Fu
National Taiwan University

Multi-Agent Architecture for Distributed Monitoring in Flexible
Manufacturing Systems (FMS)

D. Ouelhadj � , C. Hanachi � and B. Bouzouia �
� Worcester, UK, � Universite de Toulouse and � Centre de

Developpement des Technologies Avancees, Algeria
	 Dispatch and schedule elevators

to serve hall calls and car calls.

	 Use Petri-Net for modeling
tools & back-propagation network
for learning ability.

	 Develope a simulation environment
to demonstrate the superiority
of this method.

	 Proposed a dynamic scheduling
strategy to schedule an elevator
system in real time.


 Decentralization of monitoring systems
in FMS


 Multi-agent approach


 Simulation results demonstrated
feasibility & potentiality of the
approach


 Main advantages: Flexilbility, heterogeneity,
autonomy, robustness, adaptability

Maintenance of Robotic Systems using Hypermedia and
Case-Based Reasoning

R. M. Crowder � , R. McKendrick � , R. Rowe  , E. Auriol � and M.
Tellefsen �

� University of Southampton, � IT Innovations,  Mulitcosm,
� Acknosoft, and � Odense Steel Shipyard Ltd.

� Supporting the world’s largest
robot welding cell

� Combining CBR with hypermedia

� Integration of information
across the factory

� Measurable reduction in locating
information

65



Session: WeA2-9 Wednesday, April 26
���

10:20-12:00, Parlor 9

Haptic Interface 1
Chair s: John Canny, Tim Salcudean

Haptic Interaction with Global Deformations
Y. Zhuang and J. Canny

University of California, Berkeley

Envir onment Delay in Haptic Systems
B. Miller, E. Colgate and R. Freeman

Northwestern University

� Globaldeformations

� NonlinearFEM

� Efficientcollision

� Hapticinterpolation

� StableHapticSystemswith Environment
Delay

� AdmittanceversusImpedanceEnvironment
Design

� PassiveDisplayof DelayedVirtualWall

� OptimalVirtual CouplingDesign

Haptic Rendering of Planar Rigid-Bod y Motion using a
Redundant Parallel Mechanism

D. Constantinescu, I. Chau, S. P. DiMaio, L. Filipozzi, S. E.
Salcudean and F. Ghassemi

University of British Columbia

Design Constraints for haptic Surgery Simulation
O. Astley and V. Hayward

McGill University

� Haptic renderingof planar
rigid bodymotionisconsidered.

� Twolevel collisiondetection
with passivepenaltymethods
areused.

� Variousvirtualwallsanddry
friction modelswerecompared.

� Reset-integratorfriction model
successfulat renderingdry
friction.

� A fundamentalchallengefor hapticsurgery
simulation is to achieve updateratesfor
the simulationof deformableobjectsthat
areacceptableto thehumanhapticsystem.

� Nine observationsaremadeto motivatea
hierarchicalfinite elementmeshstructure
thatreliesonthenotionof equivalentmeshes.

� In essence, theupdaterateisatradeoff problem.
As anexample, updatesratesup to 100Hz
wereobtainedfor a 430 nodesmeshon a
R10000.

� Futurepaperswill describetheseresultsin
moredetail.

A Haptic Interface for a Vir tual Exam of the Human Thigh
D. d’Aulignac, R. Balaniuk and C. Laugier

INRIA, Rhone-Alpes

Multirate sim ulation for high fidelity haptic interaction with
deformab le objects in vir tual envir onments
Murat Cenk Cavusoglu � and Frank Tendick �

� University of California at Berkeley and � University of California at
San Francisco

	 Discordancebetweensimulation
andhapticfrequency.

	 Localapproximationof contact
throughbuffer model.

	 Physicalsimulationcanrun
at lower frequency.

	 Morerealistichapticsensation.


 Application: Hapticinteractionwith
deformableobjectsin virtualenvironments.


 Problem: Differencebetweenthe
samplingraterequirementsof the
haptic interfaces(1kHz) and the
updateratesof thephysicalmodels
beingmanipulated(10Hz).


 Method: Proposedamultiratesimulation
approachwith alocallinearapproximation.
Performedadetailedanalysisand
experimentalverificationof theapproach.


 Results: Improvedfidelity andstability.
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Session: WeP1-1 Wednesday, April 26
���

15:00-16:40, Parlor 1

Mobile Vehicle Mechanics
Chairs: Matt Mason, Karim A. Tahboub

Dynamics Analysis and Control of Holonomic Vehicle with a
Continuously Variable Transmission

K. A. Tahboub� and H. H. Asada�
Massachusetts Institute of Technology and � Palestine Polytechnic

Institute

Optimal feedback control for route tracking with a
bounded-curvature vehicle

P. Soueres � , A. Balluchi � and A. Bicchi �
� LAAS-CNRS, � PARADES E.E.I.G. and � University di Pisa

� Ball Wheel Mechanism

� Continuously Variable Transmission

� Stability Augmentation... Optimum
Power Consumption

� Adaptive Friction-Compensation
Control

	 We propose an optimal feedback
control for Dubins’ model
of a car to follow straight
routes.

	 The control design is based
on Pontryagin’s Maximum
Principle completed by global
geometric arguments. The
controller is then expressed
within the hybrid control framework.

	 Experimental results are reported,
showing the real-time feasibility
of the proposed approach.

Extremal Trajectories for Bounded Velocity Differential Drive
Robots

D. J. Balkcom and M. T. Mason
Carnegie Mellon University

The Kinematics for Redundantly Actuated Omni-directional
Mobile Robots

B. J. Yi 
 and W. K. Kim �

 Hanyang University and � Korea University

� Motivation and Problem Statement: Lack of
exact kinematic modeling of omni-directional
mobile robots, no analysis on employment
of redundant actuation

� Techniques and Proposed Approach: Apply
kinematic modeling approaches employed
in Parallel Robot, load distribution method
to minimize singularity, lessen actuation effort,
and employ several subtasks

� Simulation Results: Load Distribution (Minimum
versus Redundant Actuation), subtasks employing
internal load distribution

� Conclusions: Provides the exact kinematic
model, singularity analysis, its associated load
distribution for redundantly actuated omni-directional
mobile robot

Instantaneous Kinematics and Dexterity of Mobile Manipulators
Krzysztof Tchon and Robert Muszynski

Wroclaw University of Technology

Time Optimal Trajectories for Bounded Velocity Differential
Drive Robots

D. J. Balkcom and M. T. Mason
Carnegie Mellon University

 Kinematic dexterity evaluation of
mobile manipulators patterned on
the existing theory for robotic manipulators
and mobile robots.

 Control system representation of
the kinematics and a control-theoretic
approach.

 Computation of dexterity ellipsoids
for exemplary mobile manipulators.

 New tools for analysis of mobile
manipulators applicable in motion
planning and control.
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Session: WeP1-2 Wednesday, April 26
���

15:00-16:40, Parlor 2

Mapping and Localization 2
Chair s: Hugh Durrant-Wh yte, Bijo y K. Ghosh

VFH*: Local obstac le Avoidance with look-ahead verification
Iwan Ulrich and Johann Borenstein

The University of Michigan

Data Association for Mobile Robot Navigation: A Graph
Theoretic Appr oach

T. Bailey, E. Nebot, J. Rosenblatt and H. F. Durrant-Whyte
University of Sydney

� Real-TimeObstacleAvoidance
for Mobile Robots

� ImprovementtoVFH (Vector
FieldHistogram)

� Look-AheadVerificationwith
A* Search

� BetterPerformanceEvenwith
ShortSearchDepth

� Wantfeaturemappingrobust
to vehicleposeerrors.

� Usetheinvariantrelativegeometry
betweenfeatures.

� Experimentusingrangelaser
with indoor& outdoorvehicles.

� Obtainedreliableassociation,
rejectfalseanddynamicfeatures,
usingno vehiclemodel.

Experiments on Augmenting Condensation for Mobile Robot
Localization

P. Jensfelt, O. Wijk, D. Austin and M. Andersson
Royal Institute of Technology

Impr oving the accurac y of dynamic localization systems using
RTK GPS by identifying the GPS latenc y

D. Bouvet and G. Garcia
Institut de Recherche en Cybernetique de Nantes (IRCyN)

� Featurebasedmobilerobot
localization

� Augmentingcondensation
with plannedsampling

� A substantialreductionin
samplesetsize

� Localizationin large scale
environmentscanbehandled
with asmallsamplesetsize

� Motivation: usingRTK GPSfor precise
localizationof outdoorvehicles

� Theunknown GPSlatency depends
on thenumberof visiblesatellites

� Observability analysishelpsdefine
theprotocolto identify thelatency

� Validationon amobilerobot

Feature Based Condensation for Mobile Robot Localization
P. Jensfelt, D. Austin, O. Wijk and M. Andersson

Royal Institute of Technology

Line Segment Based Map Building and Localization Using 2D
Laser rang efinder

L. Zhang and B. K. Ghosh
Washington University, St. Louis

� Featurebasedmobilerobot
localization

� A comparancebetweendifferent
featuresfor localization

� Usefeaturesextractedfrom
differentsensors

� Morethanonefeaturetype
is needed

� Systematicalandefficientmapping
andlocalizationwith laser

� Line segmentbasedclosed
mapandlocalization

� Accuratemap,fastlocaland
globallocalization(4ms,20ms)

� Proposedtechniquesaregood
for realapplications
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Session: WeP1-3 Wednesday, April 26
���

15:00-16:40, Parlor 3

Redundancy
Chairs: Greg Chirikjian, Ian D. Walker

On the kinematics of remotely-actuated continuum robots
Ian A. Gravagne and Ian D. Walker

Clemson University

A Numerical Evaluation of the Workspace of Rediestro, A
Redundant Manipulators

Marco Ceccarelli � and Jorge Angeles �
� Universit degli Studi di Cassino and � McGill University

� InvestigatetheKinematics
of Trunk andTentacle-like
Robots

� ConcentrateonManipulators
with ContinuousBackbones

� DiscussIntricaciesof Remote
Actuation

� Imagesof PrototypeRobots
in theLaboratory

� Whatis theeffect of kinematicisotropy
conditionson the workspacecapability
of amanipulator

� Theworkspaceof Rediestro, aredundant
manipulator, hasbeenanalyzedusingtransformation
matricesanda binary representationof
thescanningmobility.

� Theworkspaceof Rediestrohasbeendetermined
andthe effect of designparametershas
beenevaluated

� ThepaperfocusesonRediestro, but gives
insightontherelationsbetweenworkspace
andkinematicisotropy of amuchbroader
scope.

Kinematic Control of the Mass Properties of Redundant
Articulated Bodies

P. Baerlocher and R. Boulic
EPFL

Gauss’ Principle and the Dynamics of Redundant and
Constrained Manipulators

Herman Bruyninckx � and Oussama Khatib �
� Katholieke Universiteit Leuven and � Stanford University

	 Controlof thecenterof mass
andmomentsof inertia.

	 Inversekinematicsisapplied
to thesemassproperties.

	 Simulationexampleswith
2Dchainsandahumanfigure.

	 Usefulfor staticbalanceand
massdistribution control.


 Moreefficientalgorithmfor
constrainedrobots


 Basedon Gauss’ Principle
of LeastConstraint


 Allowslinear-timealgorithms


 Applicabletocompliantmotion
andredundantrobots

A Recursive Dimension-Growing Method for Computing
Robotic Manipulability Polytope

Y. S. Hwang � , J. Lee � and T. C. Hsia �
� University of California, Davis and � Chung-nam University, Korea

Instability of pseudoinverse acceleration control of redundant
mechanisms

Y. C. Chen and Kevin O’Neil
University of Tulsa

 Efficientcomputingof robotic
manipulabilitypolytope

 A recursivealgorithmbased
onDimension-Growing

 Substantialcomputationtime
reductionfor higher DOF
robot

 Canextend the methodto
computerobotdynamicsfor
realtimecontrol

� Min. normaccelerationcontrolof redundant
mechanisms:

� unstablenearkinematicsingularities

� Characteristicsof theinstabilityareanalyzed

� Stabilizationby nullspaceaccelerations
possible
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Symposia: WeP1-4 (S) Wednesday, April 26
���

15:00-16:40, Ballroom 4

Real-Time Visual Servoing and Tracking
Organizers & Chairs: Peter Corke, Seth Hutchinson

Real-Time Vision, Tracking and Control
P. I. Corke � and S. A. Hutchinson �

� CSIRO, Australia and � University of Illinois at Urbana-Champaign

2 1/2 D visual servoing: a possible solution to improve
image-based and position-based visual servoings

F. Chaumette � and E. Malis �
� IRISA / INRIA Rennes and � Cambridge University

� Description of potential problems
in visual servoing

� 2 1/2 D visual servoing: a
promising approach

� Presentation of 2 control schemes

� Advantages/drawbacks

On Specifying and Performing Visual Tasks with Qualitative
Object Models

G. D. Hager � and Z. Dodds 	
� Johns Hopkins University and 	 Harvey Mudd College

Real-Time Vision, Tracking and Control - Dynamics of Visual
Servoing

Markus Vincze
Vienna University of Technology


 Object and camera uncertainty
limit hand/eye abilities.


 We present limitation-respecting
task languages.


 Several tasks are shown using
weak object models.


 Guarantees are possible even
without full knowledge.

� What is the

� Best performance is expressed
as maximum image pixel error
(=prop. to max. velocity
of target)

� Result 1: use architecture
for parallel image acquisition
and processing

� Result 2: use high-speed camera
and small image windows

1 ms column parallel vision system and its application of high
speed target tracking

Y. Nakabo � , M. Ishikawa � , H. Toyoda  and S. Mizuno 
� University of Tokyo and  Hamamatsu Photonics K. K.

� We realized a high speed visual
feedback system with 128x128 resolution.

� Column parallel data transfer and
all parallel image processing enable
the system to work at 1ms cycle
time.

� We present a high speed target tracking
and some results of image processing.

� Advantages of our system design
for robot control applications are
discussed.
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Symposia: WeP1-5 (S) Wednesday, April 26
���

15:00-16:40, Ballroom 5

Dynamic Simulation of Humanoid Motion
Organizers & Chairs: Jessica Hodgins, Nancy Pollard

Simulating Leaping, Tumbling, Landing, and Balancing Humans
W. L. Wooten � and J. K. Hodgins �

� Pixar Animation Studios and � Georgia Institute of Technology

Interactive, Force-Based Motion Editing for Locomotion Tasks
N. S. Pollard and F. Behmaram-Mosavat

Brown University

� Describemethodsfor automatically
generatinganimatedbehaviorsusing
dynamicsimulation

� Behaviorsaregeneratedwith transitions
betweenparameterizedbasiscontrollers

� Fourbasiscontrollerscreatedbroad
jumps, standingjumps, somersaults,
andplatformdives

� Parameterizedbasiscontrollersare
usefulin creatingcomplex, dynamically
simulatedbehaviors

� Goal: realisticallyaltermotion
sequences

� Approach: analyticscaling
of groundforces

� New runsandjumps, new
characters

� Basic physicalconstraints
aremaintained

Editing Dynamic Properties of Captured Human Motion
Z. Popovic

University of Washington

Dynamic Simulation of Human Movement Using Large-Scale
Models of the Body

M. G. Pandy and F. C. Anderson
University of Texas, Austin

Towards Agile Animated Characters
M. Van de Panne, J. Lazlo, P. Huang and P. Faloutsos

University of Toronto

Dynamic Filter - Concept and Implementation of On-Line
Generator for Human Figures

K. Yamane and Y. Nakamura
University of Tokyo

� Skills for dynamicallysimulated
smartcharacters

� Methods: limit cyclecontrol,
finite horizonplanning

� Results: walking, falling,
hopping, flipping

� Animationandroboticsshare
many goals

� Dynamicsfilter: amotiongeneratorthatconverts
aphysicallyinconsistentmotionintoaconsistent
oneto minimizethesizeof databaserequiredto
generatehuman-like motionsfor humanfigures.

� Apply stabilizingfeedbackcontrolandlocaloptimization
basedon theequationof motion

� Variousmotionsincludingthosein differentenvironment
werecreatedfrom motioncapturedata

� Dynamicsfilter provedtobeeffectivein generating
avarietyof motionsfrom asmallsetof motions
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Symposia: WeP1-6 (S) Wednesday, April 26
���

15:00-16:40, Ballroom 6

Industrial Robots
Organiz ers & Chair s: Hadi Akeel, Steve Holland

Product and Technology Trends for Industrial Robotics
Hadi A. Akeel � and Steven W. Holland �

� FANUC Berkeley Laboratory and � General Motors Corporation

Robot Mechanisms
Brian Carlisle

Adept Technology Inc.

� Classes of robot mechanisms
are reviewed.

� Examples of various robot
mechanisms are provided.

� Technology constraints on
robot mechanism design are
discussed.

� Areas for technology development
are presented.

Robotics: The Future is so Bright
Craig Jennings

Motoman Robotics

Underwater Robotics: Out of the Research Laborator y and Into
the Field

Louis L. Whitcomb
Johns Hopkins University

� Robot Industry is Soaring

� Robot Technology Advancements

� Movement Toward Total Robot
Solutions

� New Robot Markets Expanding

� Survey of commercial underwater
robotics.

� Industry demands two new
classes of underwater vehicles:

� - Deep-diving work-class remotely
operated vehicles.

� - Survey-class autonomous
vehicles.

The PC and its Influence on Robot Contr oller s
Gary Rutledge

FANUC Robotics
� What has been the impact

of PC’s on robot controller
design?

� Compare the architectures
of several controllers.

� Most robot controllers follow
a similar architecture.

� The PC augmented controller
architecture is most common.
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Session: WeP1-7 Wednesday, April 26
���

15:00-16:40, Parlor 7

Legged Locomotion 1
Chairs: H. Kimura, Dan Koditschek

A New Flexible Component for Field Robotic System
E. F. Fukushima, N. Kitamura and S. Hirose

Tokyo Institute of Technology

Design, Modeling and Preliminary Control of a Compliant
Hexapod Robot

U. Saranli � , M. Buehler � and D. E. Koditschek �
� University of Michigan and � McGill University

� Tethershave beenusedfor
a long time.

� Basichardwaredeviceshown
in Figureis introduced.

� A tether/winchbasicexperiments
wereconducted.

� A multi-purposehyper-tether
basicdeviceis tobeavailable
soon.

� Biomimeticcontrolof ahexapod
robotunderdynamicallydextrous
operation

� Open-loopcontrolstrategiesimplement
analternatingtripodgait

� Stablerunningandturningboth
in simulationandexperiments
at speedsup to 0.5m/s

� Autonomousandfastlocomotion
overroughterrainachievedeven
without feedback

Kinematic Observers for Articulated Rovers
J. Balaram

California Institute of Technology

Kinematographic Experiments on Leg Movements and Body
Trajectories of Cockroach Walking on Different Terrain

S. Bai, K. H. Low and W. Guo
Nanyang Technological University

� ImprovedStateEstimation

� NonlinearKinematics; Wheel-Ground
ContactPoint Estimation;
ComplementaryFiltering

� Resultsfrom Simulation&
MarsYardExperiments

� RefinedStateEstimationUsing
NonlinearKinematics

� Movingpatternsof cockroaches
walkingonun-eventerrains

� Filming the movementof
cockroachesby two setsof
highspeedcameras

� Identificationof thechanges
in bodyandleg position.

� Potentialapplicationin gait
planningandmotioncontrol
of walkingmachines.

Hugging Walk
M. Kaneko, T. Shirai and T. Tsuji

Hiroshima University

Nonlinear Pitch and Roll Estimation for Walking Robots
H. Rehbinder and X. Hu

Royal Institute of Technology

	 Motivation: Proposinghuggingstyle
walk with multiple contacts

	 Problem: For a given set of joint
torque, obtainresultantforcesets.

	 Result: Two indeciesfor evaluating
robustnessagainstdisturbance.

	 Conclusion: Haggingwalkcontributes
to increasingrobustness.


 The problemof drift free pitch and
roll estimationfor awalking robotis
studied.


 An exponentiallyconvergenthigh-gain
observer is usedto fusesensordata
fromatwo-axisinclinometerandthree
rategyros.


 Theobserver isevaluatedwith atailormade
rotatingtestplatformcapableof 3DOF
rotations.


 Thedrift of integratedgyrosandthe
low bandwidthof inclinometerscan
becompensatedfor byatheoretically
soundalgorithm.
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Session: WeP1-8 Wednesday, April 26
���

15:00-16:40, Parlor 8

Production Contr ol
Chair s: Fabio Balduzzi, T. Kesavadas

Optimal contr ol law for lot-sizing in a single production facility
A. Di Febbraro � , R. Minciardi � and S. Sacone �

� University of Genova and � Politecnico de Torino

Design of Product Specifications and Contr ol Policies in a
Single-Sta ge Production System

Vassilis Kouikoglou and Yannis Phillis
Technical University of Crete

� Coordinatedproduction/quality
controlfor profitmaximization

� Useof queueingandTaguchi
methodsfor cost/revenueestimation

� Coordinatedpoliciesyield
higherprofitsthanindependent
ones

� Futurework: applicationto
morecomplex systems

Bottlenec ks with respect to Due-Time Performance in Pull
Serial Production Lines
J. Li and S. M. Meerkov

The University of Michigan

Holonic Super visor y Contr ol and Data Acquisition Kernel for
21st Centur y Intellig ent Building System

T. J. Shih and L. C. Fu
National Taiwan University

� Due-Time Performance(DTP) is the
probability to ship to the customer
a desirednumberof partsduring a
fixedtime interval.

� Bottleneck(BN) is themachinethat
impedesDTPin thestrongestmanner.

� A methodfor DTP-BNidentification
isdevelopedusingthedataonmachine
blockagesandstarvations.

� The resultscan be usedfor supply
chainmanagement.

� Developacontrolkernelfor rapidly
constructingmessageexchangearchitecture
for modernbuilding

� ProvideanagileSCADA mechanism
(HolonicSCADA)

� Systemcommandsandmessages
exchangeunderDDEandEthernet
channels

� A prototypeof HSCADA mechanism
hasthefeatures: Flexible, scalable,
re-configurable, andeasyintegration
by SROCK

Fluid Models and Hybrid Automata in Manufacturing
F. Balduzzi

Politecnico di Torino

Interactive Simulation of Manufacturing Systems using
Computational Steering

T. Kesavadas and A. Sudhir
State University of New York, Buffalo

� Modelingandcontrolof automated
manufacturingsystemswith
hybridautomata

� Modularcompositionof elementary
services

� Verification of the system
requirementsvia reachability
analysis

� Solutionsobtainedin terms
of the timing information
associatedwith theverification
problem

	 Todevelopamoreefficientmethodology
for carryingoutmanufacturing
simulation

	 An interactiveapproachtosimulation
usingcomputationalsteeringand
visualization

	 Resultsshow thatusingthistechnique,
wecanreducequeueoverflow
andidentifypossiblebottleneck
machines

	 Thisapproachisusefulin running
largesimulationsandlendsitself
to parallelprocessing
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Session: WeP1-9 Wednesday, April 26
���

15:00-16:40, Parlor 9

Teleoperation 2
Chairs: Claudio Melchiorri, Yasuyoshi Yokokohji

Modeling, Control and Optimization of a New Tele Robot
A. Schlotter and F. Pfeiffer

Technische Universitaet Muenchen

An Intelligent Vision-only Operator Interface for Dextrous
Robots

P. Fiorini � , G. Chalfant � , Y. Tsumaki � , E. Di Bernardo � and P. Perona �
� California Institute of Technology and � Tohuku University

� Elastic multibody model of a tele robot with
new kinematicconcept

� Developmentandimplementationof amodel-based
feedbacklinearizationcontrol

� Optimizationof control parametersandof free
andgeometricprescribedtrajectories

� Verificationby experimentalresults

� Providenon-contactcommand
andfeedbackin dexterous
teleoperation

� Visualtrackingof operator’s
armandkinematicsvisualization

� Developedanoff-line demonstrator
of trackingandvisualfeedback

� Next step: real-timevision-only
operatorinterface.

A Method for Simultaneously Increasing Transparency and
Stability Robustness in Bilateral Telemanipulation

J. E. Speich, K. Fite and M. Goldfarb
Vanderbilt University

On the Use of a Base Force/Torque Sensor in Teleoperation
F. Geffard, C. Andriot, A. Micaelli � and G. Morel �

� CEA and � ENSPS- LSIIT

	 An IntroductiontoBilateralTelemanipulationControlArchitectures

	 Transparency andStabilityin aTwo-ChannelPosition-Force
Architecture

	 A DynamicCompensatorwhich SimultaneouslyIncreases
Transparency BandwidthandStability Robustness

	 A SingleDOF NumericalExample


 Improving transparency and
safetyof bilateralteleoperation


 Passivity basedcomparison
of awristandabaseforce/torque
sensorsolution


 Experimentaltestsonanindustrial
manipulator


 Baseforce/torquesensorsolution
betterimprovesfriction rejection

Bilateral Control with Energy Balance Monitoring under
Time-Varying Communication Delay

Y. Yokokohji, T. Imaida and T. Yoshikawa
Kyoto University

On the Use of Virtual Springs to Avoid Singularities and
Workspace Boundaries in Force-Feedback Teleoperation

A. Rubio � , A. Avello � and J. Florez �
� CEIT and � Universidad de Navarra

 Time-varying delaydegradesthe
performanceof wave-variable-based
teleoperator.

 Compensationof positiondrift by
modifying the waveformswithin
thelimit of energy margin.

 Compromisedbehavior between
performanceandsafetywasdemonstrated
by thesimulation.

 Themethodis simpleandeasyto
implement. Passivity wasguaranteed
evenunderthetime-varyingdelay.

� Reachingthe endof the workspaceof the
masteror theslaverobotsmakesteleoperation
difficult for operator

� Severalvirtual springsexertaforceto avoid
themasterrobotto getinto theproximity of
a singularityor out of its workspace. The
proximity to a singularity is measuredby
theconditionnumberof amodifiedJacobian.

� The behavior of the virtual force feedback
is quite intuitive for the operatoranddoes
nothavetocareabouttheparticularposition
of themanipulator.

� Virtual springshasprovento beveryuseful
andcanbeeasilyimplementedin any robot.
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Session: WeP2-1 Wednesday, April 26
���

17:00-18:40, Parlor 1

Robotics Cooperation 1
Chairs: Rachid Alami, Tucker Balch

Multi-Robot Target Acquisition using Multiple Objective
Behavior Coordination

P. Pirjanian and M. Mataric
University of Southern California

Time-Optimal Rendezvous Planning for Pick-an-Place Task
Sharing

M. Mehrandezh and K. Gupta
Simon Fraser University

� Novelconceptof sequential
tasksharing(STS) – likepassing
abatonin arelayrace– for
two co-operatingrobotsin
assembly

� Findingthetime-optimalrendezvous
pointbetweentwo robotsin
STSmode

� Sampleresultsfor two2-dof
roboticmanipulators

� STSresultsin anover 100

Designing Motion Guides for Ergonomic Collaborative
Manipulation

K. Lynch and C. Liu
Northwestern University

A multi-robot cooperative task achievement system
S. C. Botelho and R. Alami

LAAS/CNRS

� Designof passiveguideconstraints
for ergonomicmaterialhandling.

� Optimalcontroltheoryand
sequentialquadraticprogramming.

� Theobjectivefunctiondefines
iso-costforceellipsesin the
humanframe.

� Therearetwodistincttypes
of motionguidesfor aninfinite
weightratio.

� A generalarchitecturefor
multi-robotcooperation

� Combinationof individual
planningandcoordinateddecision

� Illustrated by a simulated
system

� Robotsthatcooperatively enhance
theirplans

Cooperative Coverage of Rectilinear Environments
Zack J. Butler, Alfred A. Rizzi and Ralph L. Hollis

Carnegie Mellon University

A Decentralized Approach to Elementary Formation Maneuvers
J. Lawton, B. Young and R. Beard

Brigham Young University

� Sensor-basedcoveragealgorithm

� Cooperationmethodolgy

� Completenessproof outline

� Implementation

� HilareRobotTestbed

� FormationControl

� Passivity-BasedExtension

� HardwareResults
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Session: WeP2-2 Wednesday, April 26
���

17:00-18:40, Parlor 2

Visual Servoing 2
Chairs: Francois Chaumette, Henrik Christensen

Robust Vision-Based Pose Control
C. Taylor and J. Ostrowski
University of Pennsylvania

Eye-in-hand/Eye-to-hand Cooperation for Visual Servoing
Gregory Flandin, Francois Chaumette and Eric Marchand

IRISA - Campus Universitaire de Beaulieu

� Cooperationof Globaland
LocalCameras

� Solutionsarebasedonperturbation
estimationandtaskredundancy

� They arecomparedthanks
to experimentalresults

� Thestabilitywasprovedand
confirmedwith experimentations

A Novel Visual Servoing with Stereo Cameras using QR
Decomposition and Disturbance Observer
J. S. Lee � , I. H. Suh � , B. J. You � and S. R. Oh �

� Korea Insitute of Science and Technology and � Hanyang University

Automatic Segmentation and Matching of Planar Contours for
Visual Servoing

G. Chesi � , E. Malis � and R. Cipolla �
� Universita di Siena and � University of Cambridge

� A novel visualservoing approach
isproposedbyadoptingdisturbance
observer andQR decomposition.

� QRdecompositionfactorsany image
Jacobianintoaunitarymatrixand
anuppertriangularmatrix.

� Disturbanceobservercompensates
errorsinducedin blockdiagonalization
of theuppertriangularmatrix.

� Blockdiagonalizedtriangularmatrix
improvesperformanceindicessuch
asmeasurementsensitivity of image
features, controlsensitivity andcontrollability.

	 Thiswork concernsvisualservoingwith respectto planarcontours
withoutany apriori knowledgeof themshape.

	 Matchingis donetogetherwith theestimationof thehomography
matrixbetweena targetandcurrentview of thecontour. Then, a2
1/2D visualservoingtechniqueisusedto repositiontheend-effector
of therobotat thetargetposition.

	 Thesystemhasbeensuccessfullytestedon severalcontourswith
very complex shapessuchasleaves, keys andthecoastaloutlines
of islands. The experimentsshow that the systemcan position
therobotend-effectorwith agreatprecisionevenfor largecamera
displacements.

	 In order to simplify the matchingproblem, the only hypotheses
madehereare that the contouris planarand that occlusionscan
occuronly duringthetrackingstage. Futurework will bedevoted
to matchingplanarobjectswith occlusion.

Path Planning in Image Space for Robust Visual Servoing
Youcef Mezouar and Francois Chaumette
IRISA - Campus Universitaire de Beaulieu

Potential Switching Control in Visual Servo
K. Hashimoto and T. Noritsugu

Okayama University


 Pathplanningin imagespace
coupledto Image-basedServoing


 Robustwrt calibrationerrors
for any initial position


 Weobtainasatisfactory3D
cameratrajectory


 andall the object remains
in thecamerafield of view

� Stableregionof visualservo
– Local

� Potentialswitching–Enlarge
stableregion

� Potentialplots for 1 DOF
and2 DOFcases

� Visualservoingwith 6DOF
robot
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Session: WeP2-3 Wednesday, April 26
���

17:00-18:40, Parlor 3

Trajector y Contr ol
Chair s: Alessandr o DeLuca, Jadran Lenar cic

Vision-Based Dynamic Estimation and Set-Point Stabilization
of Nonholonomic Vehic les

F. Conticelli � , D. Prattichizzo � , F. Guidi � and A. Bicchi �
� Scuola Superiore Sant’ Anna, � University of Siena and � University

of Pisa

Closed loop motion plans for mobile robots
J. M. Esposito and V. Kumar
University of Pennsylvania

� In this paper, a nonholonomicvehicle
is stabilizedto a desiredposethrougha
visual servoing technique. The control
taskconsistsin regulatingtherobotpose
by usingreal-timevisualdata.

� Thevisualservoingof thenonholonomic
vehicleisbuilt throughdiscontinuouschange
of coordinatesandLyapunov-baseddesign.

� Simulationson an autonomousmobile
robotarereported, thatshow thepracticality
of theproposedapproach.

� Vision-basedstabilizationmayberequired
in autonomousparkingordockingof mobile
robots.

� Weapproachsensor-basedplanningusinga
game-theoreticframework

� Ratherthan synthesizecontrol laws from
thespaceof all functions, welimit oursearch
tospecificclassesof functions; namely, piecewise
linear feedbackand a certain type of one
parameterfeedbacklaws.

� Whileourmin-maxcontrollawsproveoptimal
undertheworstcasescenario, theproblem
doesnotpossessasaddlepointsolutiondue
to theunderlyingtopologyof theproblem.

� Thesefeedbacklawsenabletherobottoactively
exploit thedynamicsof thegivensensormodel.

Impedance Fields for Trajector y Enhancement in the Intellig ent
Assist Device

G. R. Luecke, K. L. Tan and N. Zafer
Iowa State University

Motion Planning and Trajector y Contr ol of an Underactuated
Three-Link Robot via Dynamic Feedback Linearization

Alessandro De Luca and Giuseppe Oriolo
Universit di Roma ”La Sapienza”

� MotionAugmentationIn Heavy Lift
AssistDevices

� HumanForceInputControlsGeneral
Motion

� ImpedanceFieldsGuideTo Target,
ProtectAgainstCollisions

� IntelligentAssistImprovesErgonomics
andSafety

	 Motionplanningbecomesan
interpolationproblem

	 Exponentialstabilizationof
theplannedtrajectoryisstraightforward

Trajector y fitting with smoothing splines using velocity
inf ormation

C. Lee 
 and Y. Xu �

 Carnegie Mellon University and � The Chinese University of Hong

Kong

Pre-Transition Phase Contr ol: Three Diff erent Appr oaches
N. Doh, G. Jeon, W. K. Chung and Y. Youm

Pohang University of Science & Technology (POSTECH)

� Problem: findasmoothbest-fit
trajectoryfrommultipleexamples

� Solution: Wederiveaspline
smootherin phasespace

� Example: trajectoryfit using
smootherwith principalcurves

� Uses:actionlearning, animation,
andrecognition

 Hardcontacttransitioncontrol

 DefiningPre-TransitionPhase.

 Threedifferentmethodsfor
pre-transitionphasecontrol.

 Increasedperformance, stability
androbustness.
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Symposia: WeP2-4 (S) Wednesday, April 26
���

17:00-18:40, Ballroom 4

Constrained Motion Planning and Contr ol
Organiz ers & Chair s: Jing Xiao, Brendan McCarra gher

Constrained Motion Planning and Contr ol: An Overview
Jing Xiao

University of North Carolina - Charlotte

Motion Planning of Objects in Contact by the Silhouette
Algorithm

H. Hirukawa � and Y. Papegay �
� Agency of Industrial Science and Technology, Japan and � INRIA,

Sophia-Antipolis France

� MotivationandProblems

� Survey of ExistingWork

� ChallengesAhead

� Conclusions

Hybrid Dynamic Contr ol and Adaptation of Constrained
Manipulation Systems

B. McCarragher
Australian National University

A Unified Appr oach to Modeling and Realization of Constraint
Robot Motion Using Singularity Perturbed Sliding Manif olds

H. H. Asada, B. Gu and B. W. Gordon
Massachusetts Institute of Technology

� A new formalismfor dynamicconstrained
motion

� High-index andhighly nonlinear
DAE issolvedbyusingtheSingularly
PerturbedSlidingManifolds(SPSM)
method

� Numericalexampleof a four-bar
linkageformedbyarobotarmand
acrankis given

� TheDAE formalismprovidesageneral,
powerfulmethodologyfor treating
complex, nonlinearbehavior of highly
coupledroboticsystems

Generating Polyhedral Convex Cones from Contact Graphs for
the Identification of Assemb ly Process States

H. Mosemann � , T. Bierwirth � , F. Wahl � and S. A. Stoeter �
� Technical University of Braunschweig and � University of Minnesota

A Divide-and-mer ge Appr oach to Automatic Generation of
Contact States and Planning of Contact Motion

J. Xiao and X. Ji
University of North Carolina - Charlotte

	 Measuredforcesandtorquesprovide
informationaboutcontactgeometry
of subassemblies

	 Automaticallygeneratepolyhedral
convex conesfromcontactgraphs

	 Contactsgraphsarecalculatedfor
severalsubassembliesusingarapid
interferencedetectionalgorithm

	 Identificationof contactstakesabout
0.006seconds


 Automaticallygeneratecontactstategraphs
betweentwo arbitrarypolyhedra.


 A divide-and-mergeapproach: dividethe
graphintosubgraphs, automaticallygenerate
subgraphs, andmergethemtogether.


 Results: contactstategraphsfor twoarbitrary
polyhedrain acontactstateof upto three
principalcontacts(PC).


 Conclusions: the approachis efficient
andcontactstategraphscansimplify contact
motionplanningby stratification.
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Symposia: WeP2-5 (S) Wednesday, April 26
���

17:00-18:40, Ballroom 5

Haptics
Organizers & Chairs: John Hollerbach, Vincent Hayward

Some current Issues in Haptics Research
John Hollerbach

University of Utah

Isotropy and Actuator Optimization in Haptic Interface Design
S. E. Salcudean and L. Stocco
University of British Columbia

� Mechanical, computational, and
applicationissuesthatchallenge
haptics

� Descriptionof thecurrentstate
of theart

� Explicit examplesfromvirtual
prototypingandTreadportlocomotion
interfaceprojects

� A demonstratedutility of haptics
is themostimportantnext step

� High PerformanceNeededfor
aRealisticHapticInterface

� DesignMethodfor Workspace-Inclusive
Isotropy

� Conventional& Maglev Robot
DesignExamples

� High Stiffness& Acceleration
areObtained

Stable Haptic Interaction Using the Excalibur Force Display
Richard Adams and Blake Hannaford

University of Washington

Human Tactile Spatial Sensitivity for Tactile Feedback
G. Moy, U. Singh, E. Tan and R. S. Fearing

University of California, Berkeley
� Hapticsystemdesignoften

generatestradebetweenstiffness
andstability

� Analyticdesignmethodbased
onLlewelyn’sstabilitycriterion

� Stabilityguaranteedfor passive
virtual environments

� 51,000N/M couplingstiffness
withoutsmallor largeoscillation
in avirtual building blocks
environment.

� Testspatial, shearstress, and
viscoelasticperception

� Shearstressin tactiledisplay
reducesspatialresolution

� Afterimageeffectscorrelate
with fingerpadviscoelasticity

� 10

Designing with haptic feedback
Karon MacLean

Interval Research Corp.

Haptic Interface Control - Design Issues and Experiments with
a Planar Device

M. R. Sirouspour, S. P. DiMaio, S. E. Salcudean, P. Abolmaesumi
and C. Jones

The University of British Columbia

� We shareinsightsin what
andhow hapticfeedbackis
usefulin UI design:

� observationsonphysicalinteraction
andhow andwhy wedo it;

� analysisof situationswhere
active touchinghelps; and

� amodelfor designinghaptic
feedbackintospecificapplications.

� The haptic renderingof a
virtualenvironmenthasbeen
addressed.

� A four-channelteleoperation
architecturewas proposed
for thispurpose.

� Thismethodwasimplemented
usinga new parallelhaptic
mechanismandanexplicitly
modelledvirtual environment.

� Goodforceandpositiontracking
wereachieved.
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Symposia: WeP2-6 (S) Wednesday, April 26
���

17:00-18:40, Ballroom 6

Entertainment
Organizers & Chairs: Minoru Asada, M. Fujita

Robotics in Edutainment
M. Asada � , R. D’Andrea � , A. Birk � , H. Kitano� and M. Veloso �

� Osaka University, � Cornell University, � Vrije Universiteit Brussel,
� JST Japan and � Carnegie Mellon University

Digital Creatures for Future Entertainment Robotics
M. Fujita

Sony Corporation

� Issuesin Roboticsfrom a
viewpoint of Edutainment

� RoboCup, RoboFesta, RoboCup
Jr. andsoon.

� RobotCompetitionasSystem
EngineeringCourse

� A seriesof robotcompetitions,
educationcourses, andentertainment
applicationsasa new area
of roboticsin edutainment.

	 Motivationsfor RobotEntertainment

	 Descriptionsof AIBO

	 Someotherexperiments

	 Conclusions

RoboCup Jr.: RoboCup for Edutainment
H. Kitano 
 , S. Suzuki � and J. Akita �


 ERATO Kitano Symbiotic Systems Project, JST, Sony Computer
Science Laboratories, � Osaka University and � Kanazawa University

RoboCup Jr. with LEGO Mindstorms
H. H. Lund and L. Pagliarini

University of Aarhus

 Non-expertuserstodevelopcomplex
robotbehaviors, e.g. robotsoccerplayers.

 User-guidedbehavior-basedrobotics.
Developedfield & smart, electronic
ball, which allowed easynavigation
& detectionw. LEGOMINDSTORMS
robots.

 Avoid theproblemswith usershaving
to learnacomplex syntaxandsemantics
of atraditionalprogramminglanguage.

 Children(age7-14) ableto develop
their robot soccerplayerswithin 60
minutes.

The Outline of the International Robot Games Festival
E. Nakano � , M. Asada � , S. Tadokoro � , K. Osuka � , K. Nagai � , Y.

Masutani � and H. Kitano �
� Tohuku University, � Osaka University, � Kobe University, � Kyoto

University, � Ritsumeikan University, and � JST, Japan

Robot Improv: Using Drama to Create Believable Agents
Allison Bruce, Jonathan Knight and Illah R. Nourbakhsh

Carnegie Mellon University

� InternationalRobotGames
area goodway to develop
relatedtechnologiesandto
enhanceunderstandingof science
andtechnologyamongpeople.

� RoboFesta2001will beheld
in Japanduringthesummer
andautumnof 2001in Osaka
andKanagawa,Japan.

� An internationalforumwill
bealsoheld

� BelievableAgentsandRobotics

� UsingLessonsfrom Drama

� An Architecturefor ImprovisedPerformance

� RobotImprov - ThePlays
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Session: WeP2-7 Wednesday, April 26
���

17:00-18:40, Parlor 7

Novel Locomotion Techniques
Chairs: Arthur Sanderson, M. Uchiyama

Study on Roller-Walker (Multi-mode Steering Control and
Self-contained Locomotion)
Gen Endo and Shigeo Hirose
Tokyo Institute of Technology

Low-Energy Control of a One-Legged Hopping Robot with 2
Degrees of Freedom

R. Dummer and M. Berkemeier
Utah State University

� Leg-WheelHybridVehiclewith Passive
Wheels

� Propositionof BasicMotionControlMethod

� VelocitySimulationsandExperiments

� WirelessManeuveringExperiments

� Biologically InspiredModel

� ForwardHoppingAnalysis

� PoincareReturnMap

� ExperimentalResults

A Leaping Maneuver for a Brachiating Robot
J. Nakanishi and T. Fukuda

Nagoya University

Design of a 5cm Monopod Hopping Robot
T. E. Wei, G. M. Nelson, R. D. Quinn, H. Verma and S. L. Garverick

Case Western Reserve University
� Investigationof theleapproblem.

� Thetaskof transferringfroma
branchto thenext which is far
outof reachinvolving acomponent
of freeflight.

� Formulationof swingandflight
controlstrategiesfor atwo-link
robottoachievesuchaleaping
maneuver.

� Numericalsimulationssuggest
theeffectivenessof theproposed
strategy.

� Fully AutonomousSingle-Legged
HoppingRobot

� FitsEntirely Into aCube2

� Able to Climb Steps

� StaticallyandDynamically
Stable

Stability Analysis of Walking Robots via Leg-end Supporting
Moments

D. Zhou � , K. H. Low � and T. Zielinska �
� Nanyang Technological University and � Warsaw Univsersity of

Technology

Dynamic Rolling of Modular Robots
W. H. Lee and A. C. Sanderson
Rensselaer Polytechnic Institute

	 Tomeasurethestabilitymargin
of walking robots

	 Leg-endSupportingMoment
(LSM) method

	 With andwithout external
bodyforcesonvariousterrain

	 Capablefor drilling, dragging
andmanipulating


 Activeshape-inducedrolling


 Dynamicmodelsof tipping,
rolling, andimpact


 Activerolling controlsimulation
of rolling Tetrobots


 Executionof thecontinuous
rolling locomotion
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Session: WeP2-8 Wednesday, April 26
���

17:00-18:40, Parlor 8

Supervisory Control of DEDS
Chairs: Beno Benhabib, Elsbieta Roszkowska

Supervisory Control of Multi-Workcell Manufacturing Systems
with Shared Resources

A. Ramirez-Serrano and B. Benhabib
University of Toronto

Some Improvements to the Banker’s Algorithm Based on the
Process Structure

F. Tricas, J. M. Colom and J. Ezpeleta
Universidad de Zaragoza

� PurposeandProblemStatement

� Methodology

� New Aspectsof Work

� ResultsandConclusions

� Deadlockproblemsin concurrentsystemsare difficult to
manage

� Petrinetsareusedto modelthesystem

� Basedonthemodel, adeadlockavoidanceapproachisadopted

� Thecontrol is basedon two improvementsof theBanker’s
algorithm

Preventing Second Level and Avoiding First Level Deadlocks in
FMS

E. Roszkowska
Wroclaw University of Technology

Modeling Admissible Behavior with Net Condition/Event
Systems

L. E. Pinzon � , M. A. Jafari � and H. Hanisch �
� Rutgers University and � Magdeburg University

� OptimalDAPfor alessconstrained
system

� Second-level-deadlocksignificant
resources

� One-step-aheadsafetytest

� Applicationarea

� Given a safePetri Net model
of aDESandasequentialspecification,
how to obtaina modelfor the
admissiblebehavior of thesystem?

� Combineplantandspecification
modelsusingtheeventsignals
of NetCondition/EventSystems
(NCES). Usestructureof combined
modelto determineall pre-bad
states.

� Introducea

� Wepresentanefficientandminimally-restrictive
proceduretoobtaintheadmissible
behavior of thesystem.

Observer Design for Discrete Event Systems modeled by
Interpreted Petri Nets

A. Ramirez-Tevino, I. Rivera-Rangel and E. Lopez-Mellado
CINVESTAN-IPN Unidad Guadalajara

A Petri Net Approach to Deadlock Analysis for Classes of
Kanban Systems

P. Valigi and F. Magnino
Universit di Perugia

	 Observability dealswith determining
theinitial stateof asystem.

	 Observability is usefull to
estimatestatesthat cannot
bemeasured.

	 InterpretedPetriNetareused
tomodelDiscreteEventsSystems.

	 An observerfor IPNmodels
is definedin IPN terms.


 Petrinetmodelsof KanbanFlow Lines
andReentrantKanbanFlow Lines


 Deadlockanalysisandsiphons


 Deadlockfreepropertyof KFL


 Someresultsabout
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Session: WeP2-9 Wednesday, April 26
���

17:00-18:40, Parlor 9

Robotics in Medicine
Chairs: Alicia Casals, J. Troccaz

PADyC : a Synergistic Robot for Cardiac Puncturing
O. Schneider � , J. Troccaz � , O. Chavanon � and D. Blin �

� Institut A. Bonniot and � Faculte de Medecine de Grenoble, France

A Robotic Stepper for Retraining Locomotion in Spinal-Injured
Rodents

D. J. Reinkensmeyer � , W. K. Timoszyk � , R. D. de Leon � , R. Joynes � ,
E. Kwak � , K. Minakata � and V. R. Edgerton �

� University of California, Irvine and � University of California, Los
Angeles

� PADyC : TechnicalOverview

� SurgicalApplication: Pericardial
Puncture

� CurrentStatusof theProject

� Conclusion

� Motivation: Developaroboticsystemthatcontrolsandquantifies
bipedalsteppingby spinal-transectedrats.

� Techniques: Attach rat’s hind limbs to PHANToM robots
andgenerateavirtual treadmillthroughhapticsimulation.

� Results: Spinal-transectedratscouldsteponthevirtual treadmill.

� Conclusions: Thevirtual treadmillisanew tool for understanding
spinalcontrolof steppingandcouldprovide usefuldatafor
developmentof roboticgait-trainingdevicesfor humans.

Telerobotic Surgery Control and Safety
A. Rovetta

Politecnico di Milano

A Medical Robotic Assistant for Minimally Invasive Surgery
V. F. Munoz, C. V. Thorbeck, J. G. DeGabriel, J. F. Lozano, E. S.

Badajoz, A. G. Cerezo, R. Tozcano and A. J. Garrido
Universidad de Malaga

	 Executionof telesurgeryrobotic
operation, by Internet, ISDN

	 Teleroboticsystemfor aprostate
biopsy

	 Prostatebiopsyonahuman
patient

	 Surgicalroboticsaccording
to theEuropeanNormative

Robot Assisted Standing Up
Roman Kamnik and Tadej Bajd

University of Ljubljana

Experimental Evaluation of a Robotic Image-Directed Radiation
Therapy System

K. Sharma 
 , W. S. Newman 
 , M. Weinhous � , G. Glosser � and R.
Macklis �


 Case Western Reserve University and � The Cleveland Clinic

� A robot assistive device is proposedaimed
asasupportfor theimpairedindividualswhen
risingfromthesittingto thestandingposition.

� Asaprototype, the1DOFinstrumentedhydraulically
drivenrobotmechanismwasbuilt.

� Initial testingandevaluationswereaccomplished
with paraplegic person, whowasduringstanding-up
usingthearmsupportandfunctionalelectrical
stimulationof theparalysedmuscles.

� Resultsconfirmthefunctionalityin threepossible
utilization areas: thedevice canserve asan
functionalrehabilitativeaid, asatrainingdevice
or asanassessmenttool whenstudyingthe
standing-upmanoeuver.

 Motivation: localizationof
radiationtreatmenttomoving
targets

 Approach: human/machine
cooperationfor interactive
exposuregating

 Results: significantreduction
in exposureof healthytissue

 Conclusions: motivatesR&D
of real-timeimagingfor cancer
treatment
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