
 

 
85

 
 
 

 
 
 
 
 
 
 

       t  h  u  r  s  d  a  y 

                 April 27, 2000 



 

 
86

 

Thursday, April 27th 
 
ThA1-1 Mobile Robots 2..................................................................................87 
ThA1-2 Localization........................................................................................88 
ThA1-3 Control 2............................................................................................89 
ThA1-4(S) Robot Dynamics .................................................................................90 
ThA1-5(S) Visual Modeling and Reconstruction ....................................................91 
ThA1-6(S) Human Frontier Environments .............................................................92 
ThA1-7 Legged Locomotion 2..........................................................................93 
ThA1-8 Rapid Prototyping ...............................................................................94 
ThA1-9 Teleoperation 3 ..................................................................................95 
ThA2-1 Robotics Cooperation 2.......................................................................96 
ThA2-2 Vision-Based Control ..........................................................................97 
ThA2-3 Learning 1..........................................................................................98 
ThA2-4 Control and Architectures ....................................................................99 
ThA2-5(S) MEMS.............................................................................................. 100 
ThA2-6 Stiffness and Compliance.................................................................. 101 
ThA2-7 Biped Robots.................................................................................... 102 
ThA2-8 Discrete Event Dynamic Systems 2.................................................... 103 
ThA2-9 Haptic Interface 2 ............................................................................. 104 
ThP1-1 Manipulator Path Planning................................................................. 105 
ThP1-2 Mapping and Localization 3............................................................... 106 
ThP1-3 Modeling and Control ........................................................................ 107 
ThP1-4 Grasp Analysis and Optimization ....................................................... 108 
ThP1-5(S) Education......................................................................................... 109 
ThP1-6 Identification..................................................................................... 110 
ThP1-7 Actuators 2....................................................................................... 111 
ThP1-8 Flexible Assembly Systems ............................................................... 112 
ThP1-9 Collision Detection and Distance Computation.................................... 113 
ThP2-1 Sensing Strategies and Control 2....................................................... 114 
ThP2-2 Sensing for Navigation ...................................................................... 115 
ThP2-3 Learning 2........................................................................................ 116 
ThP2-4 Grasping and Force Control .............................................................. 117 
ThP2-5 Novel Sensing Devices ..................................................................... 118 
ThP2-6 Dynamics and Optimization............................................................... 119 
ThP2-7 Bipedal and Climbing Robots............................................................. 120 
ThP2-8 Control and Applications 2................................................................. 121 
ThP2-9 Human Robot Cooperation................................................................ 122 
 



Session: ThA1-1 Thursday, April 27
���

08:20-10:00, Parlor 1

Mobile Robots 2
Chairs: Yutaka Kanayama, Yangsheng Xu

Robust Damping Control of Wheeled Mobile Robots
S. Lin and A. A. Goldenberg

University of Toronto

Path Following of a Single Wheel Robot
Kwok Wai Au and Yangsheng Xu

The Chinese University of Hong Kong

� Controlof wheeledmobile
robotswith unknown dynamics
anddisturbances;

� RobustDampingController
(RDC) proposed, globaluniform
boundednessguaranteed;

� Illustrationof RDC’seffectiveness
throughsimulationsandcomparison;

� Simplecontrollerstructure
andlow computationcost.

� Developmentof anautonomous
singlewheelrobot

� Modeltherobot’sdynamics
andstudyits nonholonomic
natureandgyroscopicalstabilization

� Designavelocity/torquecontrol
law tosolvethepathfollowing
problem

� Developacontrollerfor the
robot following a straight
line with balance

Interactive Motion Planning Using Hardware Accelerated
Computation of Generalized Voronoi Diagrams

K. Hoff, T. Culver, J. Keyser, M. Lin and D. Manocha
University of North Carolina

Path Tracking Control of Tracked Vehicles
M. Ahmadi, V. Polotski and R. Hurteau

cole Polytechnique Montral

� Fastmotionplanningin bothstaticanddynamicenvironments

� Usediscreteapproximationsof generalizedVoronoidiagrams
computedby polygonrasterizationgraphicshardwareand
standardZ-buffer

� Real-timepathplanningin acomplex dynamicenvironment
composedof morethan140,000polygonsanduptooneorder
of performanceimprovementnearnarrow passagesin configuration
space

� Extensibleto articluatedanddeformableobjects

Motion Planning in the Presence of Directional and Obstacle
Avoidance Constraints Using Nonlinear, Anisotropic, Harmonic

Potential Fields
Ahmad Masoud and Samer Masoud

Jordan University of Science and Technology

Control of a Nonholonomic System with a Drift Term
F. Matsuno and K. Saito

Tokyo Institute of Technology

� A novelandcompletemotionplanning
methodis suggestedfor guiding an
agenttoatargetsetalonganobstacle-free
trajectorywhile regulatingthedirection
alongwith which motion is allowed
to proceedinsidetheworkspace.

� Nonlinear, Anisotropic, Harmonicpotential
fields are usedfor constructingthe
planner.

� Simulationexperimentsto verify the
ability of thesuggestedplannertowork
in thepresenceof joint avoidanceand
directionalconstraintsareprovided.
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Session: ThA1-2 Thursday, April 27
���

08:20-10:00, Parlor 2

Localization
Chair s: George Bekey, Gamini Dissana yake

Collective Localization: A distrib uted Kalman filter appr oach to
localization of groups of mobile robots

S. I. Roumeliotis and G. A. Bekey
University of Southern California

Algorithms and Architectures for Acoustic Localization based
on Micr ophone Arra y in Service Robotics

E. Mumolo � , M. Nolich � and G. Vercelli �
� University of Trieste and � University of Genoa

� Improvedlocalizationaccuracy
for teamsof mobilerobots

� Distributedmulti-robotsensor
fusionschema- Kalmanfiltering

� Reducedpositionuncertainty
for thecaseof 3mobilerobots

� Sharedgroupknowledgeappears
aspositionestimatesinter-dependencies

� Surveillanceandtransportation
tasksin indoorenvironments

� Cross-correlationandNeural
Networksapproachesusing
a4elementLinearMicrophone
Array

� Real-timeoperationwith a
distributedarchitecture

� Absolutelocalizationerror
with atruespeaker isbelow
50cm

Extracting Topology-Based Maps from Gridmaps
E. Fabrizi � and A. Saffiotti �

� Universit di Roma Tre and � Orebro University

Super vised Linear Feature Extraction for Mobile Robot
Localization

N. Vlassis 	 , Y. Motomura 
 and B. Krose 	
	 University of Amsterdam and 
 Electrotechnical Laboratory

� New typeof maps

� Representthetopologyinduced
by theshapeof thefreespace

� Extractedby imageprocessing
from fuzzy occupancy grids

� Extractionis fastandrobust

� WHAT? Extract‘task-relevant’
featuresfromsensormeasurements

� WHY? BecausePCA and
relatedmethodsaretask-irrelevant

� HOW? By SupervisedProjection
Pursuitoptimizing Mutual
Information

� RESULT? Improvedaverage
robotlocalizationperformance

Bayesian estimation and Kalman filtering: A unified frame work
for Mobile Robot Localization

S. I. Roumeliotis and G. A. Bekey
University of Southern California

Computing the Sensor y Uncer tainty Field of a Vision-based
Localization Sensor

A. Adam, E. Rivlin and I. Shimshoni
Technion - Isreal Institute of Technology

 Filter out odometricerror
& reducelandmarkrelated
uncertainty

 Bayesiandecisionmaking
& Kalmanfilter estimation

 Globallocalizationin anoffice
environment

 Optimalfusionof proprioceptive
andexteroceptivemeasurements

� Sensoraccuracy varieswith
place

� Goal:obtainaperformance
map

� Methodof prediction

� Statisticalvalidation
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Session: ThA1-3 Thursday, April 27
���

08:20-10:00, Parlor 3

Contr ol 2
Chair s: Jim Bobr ow, Genther Schmidt

Energy-efficient Motion Contr ol of a Hydraulic Manipulator
J. Mattila and T. Virvalo

Tampere University of Technology

Hybrid System Design for Singularityless Task Level Robot
Contr oller s

J. Tan and N. Xi
Michigan State University

� Overcomingsingularitiesin tasklevel
robotcontroller.

� A hybrid systemfor analysisand
designof thecontroller

� ImplementingandtestingonaPUMA560
robot

� Firststabletasklevel controllerfor
robotto passsingularities

Bor dered Matrix for Singularity Robust Inverse Kinematics:
AMethodological Aspect

J. Foret � , M. Xie � and J. G. Fontaine �
� Nanyang Technological Univeristy and � Ecole Nationale Superieure

D’Ingenieurs de Bourges

Preview and Stoc hastic Contr oller s for Motion Contr ol of
Robotics Manipulator with Contr ol Input Constraints

M. Negm
Technical College at Dammam

� Motivations: In the context of remoteor tele-operated
controlit is importantto insurethefeasibilityof thedesired
motionof a robot. Therefore, we presentin this papera
new way to make a serialmanipulatorpassingthrough
singularconfigurationsby insuringthecontinuityof the
accelerationandvelocity profiles.

� ProposedApproach: The authorusedthepropertiesof
borderedmatricesto insurethesmoothprofileof theacceleration
profile. Themethodpresentedreliesontheknowledgeof
acompletesingularvaluedecompositionof theJacobian
of thesystem, andis conciseenoughto expectreal-time
applications.

� Simulation Results: In the results, are comparedthe
SingularRobust Inverse(SRI) methodandtheproposed
onenamedBorderedMatrix SingularRobustInverse(BMSRI).
Thesetwo method, have beencomparedsincethey offer
almostthesamesimplecomputationalaspectandamount
of positionerror. Whentheproposedmethodis use, the
accelerationprofile andposition/orientation error at the
singularpointgivesalmost0, whereasusingtheSRIboth
reachtheirmaximum.

� OptimalPreview Controller

� StochasticAdaptive Controller

� SimulationResults

� RecomendationsandConclusions

Hybrid Force/Velocity Discrete Event Contr oller Synthesis for
Assemb ly Tasks with Friction
D. Austin � and B. McCarragher 	

� NADA and 	 Australian National University

Obser ver Based Coor dinated Adaptive Robust Contr ol of
Robot Manipulator s Driven by Single-Rod Hydraulic Actuator s

F. Bu and B. Yao
Purdue University


 Discreteeventfor errorrecovery


 Forcecontrolgivescompliance


 Velocitycontrolovercomes
friction


 Robust to 50mm,10degree
errors

� Controlof ahydraulicarmis difficult
duetostrongcouplingeffectsandrich
nonlineardynamics

� Physicalmodelbasedcontrolapproach
is usedto explicitly take into account
thestrongcouplingamongvariousjoints

� Adaptive robust control approachis
employedto improvetrackingaccuracy
in thepresenceof modeluncertainties

� Simulationandexperimentalresults
illustratetheproposedalgorithm
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Symposia: ThA1-4 (S) Thursday, April 27
���

08:20-10:00, Ballroom 4

Robot Dynamics
Organiz ers & Chair s: Roy Feather stone , David Orin

Robot Dynamics: Equations and Algorithms
R. Featherstone � and D. E. Orin �

� University of Wales and � Ohio State University

Practical Models for Practical Flexib le Arms
W. J. Book � and K. Obergfell �

� Georgia Institute of Technology and � Seagate Technology

� Reviews accomplishments
in robotdynamicsresearch

� Equationsgivenfor mostimportant
computations

� RecursiveNewton-Euler, Composite-Rigid-Body,
andArticulated-BodyAlgorithms

� Closed-loopsystems& global
analysistechniquesdiscussed

Computational Robot Dynamics Using Spatial Operator s
A. Jain and G. Rodriguez

California Insitute of Technology

Operational Space Dynamics: Efficient Algorithms for
Modeling and Contr ol of Branc hing Mechanisms

Kyong-Sok Chang and Oussama Khatib
Stanford University

� Computationaldynamicstechniquesfor roboticsystems

� A review of theSpatialOperatorAlgebraframework

� A look at standarddynamicsproblems, as well as novel
ones, eg. diagonalizeddynamics

� Openareasof researchsuchassensitivity analysisandoptimization

	 BranchingMechanisms

	 Task/PostureBehavior Control

	 ModifiedSpatialNotation

	 EfficientRecursiveO(n)Algorithms

Forwar d Dynamics Algorithms for Multibod y Chains and
Contact

D. K. Pai, U. M. Ascher and P. G. Kry
University of British Columbia


 Framework for derivationof forward
dynamicsalgorithms.


 Formulateaugmentedmatrix; block
matrixelimination.


 Derivesmany algorithms: existing(ABM,
CRBM) & new (contactevolution).
Stability.


 Frameworkunifiesmany forwarddynamics
algorithmsandcontactevolution.
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Symposia: ThA1-5 (S) Thursday, April 27
���

08:20-10:00, Ballroom 5

Visual Modeling and Reconstruction
Organizers & Chairs: Shree Nayar, Jean Ponce

Sensors for Robot Vision
Shree Nayar

Columbia University

Surface Simplex Meshes for 3D Medical Image Segmentation
J. Montagnat, H. Delingette, N. Scapel and N. Ayache

INRIA, Sophia-Antipolis

� Deformable surface based modeling
and segmentation of 3D medical
images

� Shape and global regularizing constraints,
adaptable topology, automatic initialization

� CT, MRI and US images segmentation

� Fast and robust 3D images segmentation

Constructing Geometric Object Models From Images
J. Ponce, Y. Genc and S. Sullivan

University of Illinois

Terrain Reconstruction for Ground and Underwater Robots
R. Mandelbaum, G. Salgian, H. Sawhney and M. Hansen

Sarnoff Corporation

� New image-processing for
egomotion and terrain structure
recovery

� Correlation-based, iterative,
multi-resolution approach

� Suited for outdoor ground-based
and underwater scenes

� Can accommodate both single-camera
and multiple-camera rigs

Self-calibration using the linear projective reconstruction
J. E. Ha � , J. Y. Yang � and I. S. Kweon �

� Korea Advanced Institute of Science and Technology (KAIST) and
� Samsung Electronics Co.

3-D Map Reconstruction from Range Data
Daniel Huber, Owen Carmichael and Martial Hebert

Carnegie Mellon University

� Self-calibration algorithm that only
requires a linear projective reconstruction

� Linear initialization method based
on the property of the absolute quadric

� Adding another constraint on the
principal point to improve robustness
to the image noise

� Building large 3-D maps from sensor
data

� Matching 3-D patches using local
signatures fro registration of partial
views of the environment

� The techniques have been applied
to 11 different sensors (passive and
active) and has been used for building
models of individual objects, indoor
environments, large terrain maps,
and sonar maps
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Symposia: ThA1-6 (S) Thursday, April 27
���

08:20-10:00, Ballroom 6

Human Frontier Environments
Organizers & Chairs: Paolo Fiorini, Gerd Hirzinger

Advances in Orbital Robotics
G. Hirzinger, B. Brunner, R. Lampariello, K. Landzettel, J. Schott

and B. M. Steinmetz
German Aerospace Center (DLR)

Ground Mobility Systems for Planetary Exploration
P. Fiorini

California Institute of Technology

� ROTEX - thefirst remotely
controlledspacerobot

� Free-flyingspacerobots -
Experienceswith thelabdemonstrator
ESSandtheJapaneseETS
VII

� DLR’stasklevel, sensor-based
teleprogrammingsystemMARCO

� Futureperspectivesin space
robotics

� Summaryof thestateof theart
of groundmobility of Planetary
exploration

� Theaim is to increasescientific
return using different mobility
paradigms

� A promisingnew approachishopping,
capableof largeobstacleavoidance

� Mobility mustbeoptimizeddepending
on terrain type andexploration
scope.

Experience and Lesson Learned From the ETS-VII Robot
Satellite Mission
Mitsushige Oda

National Space Development Agency of Japan

Behavior-Based Control for Autonomous Underwater
Exploration

J. Rosenblatt, S. Williams and H. F. Durrant-Whyte
University of Sydney

� The world first satellitemounted
spacerobot system, launchedin
Nov.1997

� Robot arm is tele-operatedfrom
the on-groundcontrol station in
Japan

� Automatedsatellitecaptureandmany
otherexperimentswereconducted

� Tech. to be usedin operationof
thespacestation

� Autonomouscontrolof anunderwater
vehiclefor surveillanceof coral
reefs

� Sonarandvision-basedbehaviors
combinedby fuzzy logic and
utility fusionarbiters

� Behaviorsselectedby task-level
controlleraccordingtomission
plan

� AUV followstargets, maintains
altitude, andavoids collisions
in naturalcoastalterrain

Enhanced Mars Rover Navigation Techniques
R. Volpe, T. Estlin, S. Laubach, C. Olson and J. Balaram

California Institute of Technology

Underwater Robotics
J. Yuh

University of Hawaii
� Marsroveroperationsareconstrained

by infrequentcommunication, unknown
terrain, low power, andlimitedcomputing.

� RobustnavigationthroughnaturalMars
terrainisneededtomaximizescience
returnby missions.

� Progresshasbeenmadein four relevant
areas: positionestimation, visuallocalization,
sensorconstrainedpathplanning, and
dynamicactivity planning.

� Ongoingsimulationandexperimentation
demonstrateimprovedperformanceand
autonomy.

� During1990s, numerousworldwideresearchanddevelopment
activitieshaveoccurredin underwaterrobotics, especially
in theareaof autonomousunderwatervehicles(AUVs).
As theoceanattractsgreatattentiononenvironmental
issuesandresourcesaswell asscientificandmilitary
tasks, theneedfor anduseof underwaterroboticsystems
hasbecomemoreapparant. This papersurveys some
key areasin currentstate-of-theartunderwaterrobotic
technologies.

� Thispaperfocusesonseveralsubareasof underwater
robotics: Dynamics, Control, NavigationandSensors,
Communications, Powersystems, PressureHulls, and
Manipulators.

� Evaluationandcomparisononvarioussubsystemsare
presentedin thispaper.

� While not providing a completesurvey, it is hoped
thatthissurvey canhelpprovideadirectionfor future
advancementsin thesubjectareaandattractmoreresearchers
andpotentialusersof underwaterobots.
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Session: ThA1-7 Thursday, April 27
���

08:20-10:00, Parlor 7

Legged Locomotion 2
Chair s: Marco Ceccarelli, Eiji Nakano

Evolving Robot Gaits with AIBO
G. S. Hornby � , S. Takamura � , J. Yokono � , O. Hanagata � , T.

Yamamoto � and M. Fujita �
� Brandeis University and � Sony Corporation

Quadruped Trotting with Passive Knees - Design, Contr ol, and
Experiments

G. Hawker and M. Buehler
McGill University

� Gaits are generatedby an
evolutionaryalgorithm.

� By sculptingtheenvironment,
robustgaitsarefound.

� Singlelegmodelfor leg trajectory
parametersandinitial conditions

� Mechanicaldesignof unactuated,
lockingknee

� Experimentalimplementation
of singleleg control

� Experimentaltrotting gait
onScoutII quadruped

Motion Anal ysis and Experiments of Passive Walking Robot
QUARTET II

K. Osuka � and K. Kirihara �
� Kyoto University and � JR West

Passive velocity field contr ol of Biped Walking Robot
Masaki Yamakita, Fumihiko Asano and Katsuhisa Furuta

Tokyo Institute of Technology

	 It iswell known that, in passivewalkingsimulations,
wecanobserveabifurcationorchaoticphenomenon.
Here,we hada question. Canwe observe sucha
phenomenonin passive walkingexperiments?

	 WedevelopedapassivewalkingrobotQUARTET
II andcarriedoutpassivewalkingexperimentsand
tried to show theoccurrenceof thebehaviors.

	 Wecouldshow thatabifurcationphenomenoncan
beobservedin therealworld. Wecouldobserve a
two-periodwalking in passive walking.

	 In thispaper, atfirst, weintroducedourdeveloped
passive walking robot QUARTET II. Then, we
confirmedthat, in passivewalking, agait recovery
andabifurcationwereobservedviasomenumerical
simulations. And finally, we showed that those
behaviors occurin walkingexperiments.


 Realizationof safeandenergy-effective
controlfor bipedwalkingrobots.


 PassiveVelocityFieldControl
(PVFC) andVirtualPassiveDynamic
Walking


 Thevalidity of proposedmethod
hasbeenconfirmedbycompass-like
bipedrobot.


 Passivity basedcontrolof biped
walking robotson thefloor is
realizedwithoutany gaitdesign.

Fuzzy Contr ol of Quadrupedal Running
D. W. Marhefka and D. E. Orin

Ohio State University

� Directadaptivefuzzycontroller
developed.

� Learnsnecessaryleg touchdown
anglesandleg thrusts.

� Canshift todesiredrunning
heightandvelocitychange
in only onestride.

� Goodperformancewith modeling
errors.
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Session: ThA1-8 Thursday, April 27
���

08:20-10:00, Parlor 8

Rapid Prototyping
Chairs: Ren C. Luo, Dinos Mavroidis

Deformation Transition Graphs in Forming Operations of
Rheologic Objects

S. Hirai, S. Tokumoto and Y. Fujita
Ritsumeikan University

Rapid Prototyping of Robotic Systems
J. Won, K. DeLaurentis and C. Mavroidis

Rutgers University

� RapidPrototypingfabricationof non-assemblyroboticsystems

� UsingStereolithographyandSelective LaserSintering

� Successfulnon-assemblymulti-joint, multi-DoF one step
fabrication

� Severalroboticsystemsfabricatedusingthis technique

The Development of LCD Panel Display Based Rapid
Prototyping System for Advanced Manufacturing

R. C. Luo, J. H. Tzou and W. Z. Lee
National Chung Cheng University

Fast Visualization of NC Milling Result Using Graphics
Acceleration Hardware

Masatomo Inui
Ibaraki University

� Fast and fine visualizationof the NC milling
resultfor avoiding gougingproblems.

� Geometricmilling simulationis transformedto
a 3D renderingproblem. Graphicshardware
acceleration.

� Complex milling resultcanbe visualizedin a
second.

� Integrationwith thepathgenerationsoftwareis
our futurework.

Motion Planning for a Direct Metal Deposition Rapid
Prototyping System

D. M. Hensinger, A. L. Ames and J. L. Kuhlmann
Sandia National Laboratories

Agent-Based Product Design and Planning for Distributed
Concurrent Engineering

J. Sun � , Y. F. Zhang � and A. Y. C. Nee �
� Gintic Institute of Manufacturing Technology and � National

University of Singapore

� Extend2.5DimensionalDirect
DepositionManufacturingSystem
to 3D

� ExploitedAccessto CAD and
Flexibility of RoboticPositioning

� ProducedUnique3DPartsfrom
CAD Datausing6DOFRobot

� Applicationof RoboticSystems
toDepositionManufacturingShows
GreatPotential

� Motivation: to integrategeographically
dispersedproductdesign, manufacturability
analysis, processplanning,
andassembly

� ProposedApproach: aheterogeneous
multi-agentsystem

� ExperimentalResult: aprototype
for concurrentdesignand
planningonmachiningprocesses

� DiscussionandConclusion
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Session: ThA1-9 Thursday, April 27
���

08:20-10:00, Parlor 9

Teleoperation 3
Chair s: Rober t Ander son, Junku Yuh

Anal ysis and Evaluation of Stability and Performance
Robustness for Teleoperation Contr ol Architectures

K. Hashtrudi-Zaad and S. E. Salcudean
University of British Columbia

Design of a Teleoperation Contr oller for an Underwater
Manipulator

Dong-Soo Kwon � , Jee-Hwan Ryu � , Pan-Mook Lee � and Seok-Won
Hong �

� Korea Advanced Institute of Science and Technology and � Korea
Research Institute of Ships and Ocean Engineering

� Operator/Environmentuncertainties
and time-delayscompromise
stabilityandperformance.

� RobustnessanalysisusingLlewellyn’s
criterionandimpedancesminima/Z-width’s.

� Tradeoffs for controlarchitectures
presented.

� Designguidelinesgiven.

� Teleoperationof anunderwatermanipulator
is harderthenotherteleoperations

� Toachieveatransparency, adaptivesliding
modecontrolanddisturbanceobserverare
usedfor theslaveandthemaster, respectively

� Wegotanexcellentresultsfor freemotion,
continuouscontactmotionandintermittent
contactmotionsimulations

� A teleoperationcontrollerfor anunderwater
manipulatoris proposed.

Force Reflection for Time-Dela yed Teleoperation of Space
Robots

L. F. Penin, K. Matsumoto and Sachiko Wakabayashi
National Aerospace Laboratory, Japan

Network-Based Force-Reflecting Teleoperation
A. Sano, H. Fujimoto and T. Takai

Nagoya Institute of Technology

� How to use force reflection to improve
time-delayedteleoperation?

� Use force-reflectinghandcontrollersas
displayingtoolswith andwithoutamodel.

� Experimentsconductedteleoperatingthe
robotonboardETS-7satellite.

� Firstextensiveapplicationof forcereflection
ona realspacerobot.

� Thisstudyaimstodevelopapractical
force-reflectingteleoperatorthrough
theInternet.

� Thedesignof controllersincorporating
adjustmentto the time delay could
berealizedin theframework of gain
scheduling.

� Pushingthewall, insertingthevideo
cassette, andholdingtheraw egg,have
beenperformedwith hapticsenses.

� Theproposedcontrolstrategy is well
suitedto thenetwork-basedteleoperation.

Photo-Realistic Scene Prediction of Partiall y Unkno wn
Envir onments for the Compensation of Time Delays in

Telepresence Applications
M. Barth, T. Burkert, C. Eberst, N. O. Stoffler and G. Farber

Technische Universitat Munchen

Remote Coor dinated Contr ols in Multiple Telerobot
Cooperation

N. Y. Chong 	 , T. Kotoku 
 , K. Ohba 
 , K. Komoriya 
 , N. Matsuhira �
and K. Tanie 



 Mechanical Engineering Laboratory (MEL), � Toshiba Corp. and
	 NEDO

� Delaysin thevisualFeedback
of aTeleoperationSystem

� Model from CameraImages,
photo-realismbyTextureMapping

� SceneReconstructionandPrediction
in structuredEnvironments

� Photo-realisticPredictioncan
beachieved

 Multi-Operator-Multi-Robot
tele-collaborationwith time
delay.

 Coordinatedcontrolwith predictive
graphicsimulators.

 Larger masterinstructions
andlesstaskcompletiontime.

 Developmentof localcoordinated
controlsin MOMR teleoperation.
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Session: ThA2-1 Thursday, April 27
���

10:20-12:00, Parlor 1

Robotics Cooperation 2
Chair s: Kamal Gupta, Kevin Lync h

Motion Planning for Cooperative Transpor tation of a Large
Object by Multiple Mobile Robots in a 3D Envir onment

A. Yamashita � , M. Fukuchi � , J. Ota � , T. Arai � and H. Asama �
� The University of Tokyo and � The Institute of Physical and

Chemical Research (RIKEN)

Robot Group Formations: A Dynamic Programming Appr oach
for a Shor test Path Computation

Federico Gentili and Francesco Martinelli
Universit di Roma Tor Vergata

� A motionplanningmethod
for high DOFproblems

� A local plannerfor stable
manipulation

� A globalplannerfor practical
pathsearching

� Simulationsandexperiments
in 3D environments

� Problemformulation

� A variationalapproachtosolve
theproblem

� A dynamicprogrammingalgorithm
givesanapproximatesolution

� Applicationtoa2robotformation
andcomparisonwith heuristics

Anal ysis and Classification of Multiple Robot Coor dination
Methods

E. Todt, G. Raush and R. Suarez
Universidad Politecnica de Cataluna

Multi-Robot Collaboration for Robust Exploration
I. M. Rekleitis � , E. Milios � and G. Dudek �
� McGill University and � York University

	 Review of multiple-robotcoordination
methods

	 Definitionof aunifiedterminology
for theproblem

	 Discussionof theusedtools
andproposedapproaches

	 Introductionto thefieldand
aframework for new works


 Explore large areaswith a pair
(or team) of mobilerobots.


 Keepsomerobotsasmobilelandmarks
that help the localizationof the
mobilerobots.


 Systematicallyexploretheentire
environmentbysubdividing it into
trapezoids.


 Uncertaintyreductionin theposition
of therobotsleadstomoreaccurate
mapping.

A Two Level Hierar chical Fuzzy Contr oller for Hyperredundant
Cooperative Robots

M. Ivanescu and N. Bizdoaca
University of Craiova

Cooperative Transpor t in Unkno wn Envir onment
N. Miyata, J. Ota, Y. Aiyama, H. Asama and T. Arai

University of Tokyo

� Controlof tentaclemanipulators
in cooperative tasks

� Twolevel controls: aconventional
andanadaptivefuzzycontroller

� Line andellipsetrajectory
cooperativetasksimulations

� Simplefuzzyrulessets, notable
stabilityandrobustnesscontrol

� Needsto assignvarioustasks
keepingorderor timingof execution

� Prioritycalculationfor eachunit
of taskthatcanbeexecutedby
onerobotin ashorttime

� Task-assignmentformulatedas
gassignmentproblemhusingthe
priority

� Verificationbyatransportexperiment
usingtwo realrobots
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Session: ThA2-2 Thursday, April 27
���

10:20-12:00, Parlor 2

Vision-Based Control
Chairs: Sylvie Boudet, Nicola Ferrier

Multi-Cameras Visual Servoing
Ezio Malis � , Francois Chaumette � and Sylvie Boudet �

� University of Cambridge, � IRISA / INRIA and � EDF-DER

Interception of a Projectile Using a Human Vision-Based
Strategy

Justin Borgstadt and Nicola J. Ferrier
University of Wisconsin, Madison

� In this work, the classical visual servoing techniques
have been extended to the use of several cameras
observing different parts of an object.

� A multi-cameras visual servoing task of maintenance
in the steam generator of a nuclear power plant
is considered.

� The multi-camera visual servoing has been designed
as a part of the task function approach. The
particular choice of the task function allows us
to simplify the design of the control law and
the stability analysis.

� A positioning task on a cumbersome object has
been realized using 2D and 2 1/2 D visual servoings
with two cameras, mounted on a manipulator
robot, and observing two different parts of the
object.

� Based on human studies a robot motion
control strategy using only a single
image-based parameter (without elaborate
3D modeling) is proposed

� Direction of motion is determined by
the sign of the second derivative of
the vertical angle of gaze between the
robot and the projectile

� Various strategies for control of the
magnitude of motion are evaluated

� A constant acceleration strategy, combined
with the human-based directional strategy
is demonstrated on a mobile robot

Motion Estimation by Iterative 2-D Features Matching in Range
Images

G. A. Borges and M. J. Aldon
LIRMM

Active Visual Alignment of a Mobile Stereo Camera Platform
J. Knight and I. Reid
University of Oxford

� Motion estimation by fusing
simple geometrical features.

� Alternated features matching
and motion estimation.

� Experimentation with different
indoor cluttered environments.

� Good performance from experimental
results.

	 Four DOF head/eye platform
mounted on mobile vehicle

	 Initial alignment essential
precursor to visual navigation

	 Alignment and calibration
achieved from visual cues
and controlled motion alone

	 Tests show 1 degree alignment
error and good calibration

A focusing by Vergence System Controlled by Retinal Motion
Disparity

J. Batista, P. Peixoto and H. Araujo
University of Coimbra

Subpixel Stereo Method: a New Methodology of Stereo Vision
K. Umeda and T. Takahashi

Chuo University


 Real-time binocular focusing.


 Velocity Control.


 Combination of vergence and
focus motor calibration (off-line
calibration).


 Focusing velocity controlled
by retinal motion disparity.

� Control of Disparity less than
One Pixel

� Simple Introduction of Disparity
as k = (bf-b)/(a-b)

� Avoidance of Correspondence
Problem

� Although not Accurate, very
Simple and Practical
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Session: ThA2-3 Thursday, April 27
���

10:20-12:00, Parlor 3

Learning 1
Chairs: Antti Koivo, Karl F. MacDorman

A General Learning Approach to Multisensor Based Control
using Statistic Indices

Y. von Collani, M. Ferch, J. Zhang and A. Knoll
University of Bielefeld

A Learning and Dynamic Pattern Generating Architecture for
Skillful Robotic Baseball Batting System

X. Z. Zheng � , W. Inamura � , K. Shibata � and K. Ito �
� Tokyo Institute of Technology and � Ishikawajima-Harima Heavy

Industries
� Generalfuzzy descriptionfor

high dim. systemsandsensor
fusion.

� Principal componentanalysis
andB-Splinefuzzycontroller.

� Fusionof differentsensordata
canbehandeldby thecontroller.

� B-splinemodelmaybeutilised
for sensorfusionanddifferent
problems.

� Alternativeapproachto robotic
dynamicmanipulation

� Iterativelearningcombined
with optimalcontrolandANN

� Computersimulationverification
ona3-DOFmanipulator

� Effectiveandrobustbatting
withoutgiventrajectory

On-Line Learning of the Sensors Fuzzy Membership Functions
in Autonomous Mobile Robots

Hani Hagras, Victor Callaghan and Martin Colley
University of Essex

Modular Neural Net System for Inverse Kinematics Learning
E. Oyama � and S. Tachi �

� Mechanical Engineering Laboratory (MEL) and � The University of
Tokyo

	 Thereisanecessityfor onlineself-calibration
for thefuzzyMembershipFunctions(MF) for
fastchanginganddynamicenvironmentsand
difficult accessibleenvironments.

	 Our work reportson an approachbasedon
theuseof patentedGenetictechniquestoevolve
thefuzzy MF of theindividual behaviours.

	 Our systemlearnsthe MF of the individual
behavioursonlineandthroughinteractionof
therealsensorswith therealworld in a very
short time interval of 4 minutesin outdoor
challengingenvironments.

	 This systemcanbe appliedto environments
which aredifficult to accesssuchasnuclear
reactors, spaceandunderwaterenvironments.


 Learningof theDiscontinuousInverse
KinematicsFunction


 AppropriateSwitchingof Multiple
ContinuousNeuralNetworks


 Successin InverseKinematicsLearning
of a7-DOFarmModularNeural
NetSystemCanHandletheDiscontinuity


�� SUP 1 � /SUP MechanicalEn-
gineeringLaboratory(MEL) and
� SUP 2 � /SUP TheUniversi-
ty of Tokyo

Teaching by Example in Food Assembly by Robot
T. G. Williams, J. J. Rowland, M. H. Lee and M. J. Neal

University of Wales, Aberystwyth

Responding to Affordances: Learning and Projecting a
Sensorimotor Mapping

Karl F. MacDorman
Osaka University

� Flexible assembly- makenew
productswithoutreprogramming.

� Sensingrealproductexamples
to learncomponentplacement.

� Initial resultsdemonstratethe
feasibilityof thetechnique.

� Laterresultsillustratesuccessful
approximatematchingof variable
shapes.

� To learnto recognizeopportunities
from experience

� Adaptivesensorimotormaps; Bayesian
classificationof affordanceinvariance
in waveletdomain; Projection
of mapsto exploit affordances

� Effective in mobilerobot

� Plannedextentiontoabstractplanning
in ahighDoFrobotwith complex
dynamics
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Session: ThA2-4 Thursday, April 27
���

10:20-12:00, Ballroom 4

Contr ol and Architectures
Chair s: James Alb us, Ning Xi

4-D/RCS Reference Model Architecture for Unmanned Ground
Vehic les

J. S. Albus
National Institute of Standards and Technology

Design, Architecture and Contr ol of a Mobile Site-Modeling
Robot

A. Gueorguiev, P. Allen, E. Gold and P. Blaer
Columbia University

� Hierarchicalstructureof plans
andcommands

� Representationof theworld
at fivehierarchicallevels

� Planning, replanning, and
reactingatfive levels

� Many sensors–stereoCCD
& FLIR, LADAR, radar, inertial,
acoustic, internal

� Autonomousrobotnavigation

� Sensorintegrationanddistributedarchitecture

� Successfullyfolloweda210mcomplex
trajectory

� Sensorintegrationleadstohigheraccuracy;
distributedcomputinghelpsprocesslarge
amountsof data

A New Appr oach for Conte xt-Based Exception Handling in
Autonomous Mobile Service Robots

D. Glueer and G. Schmidt
Technische Universitat Munchen

BERRA : A Research Architecture for Service Robots
M. Lindstrom, A. Oreback and H. Christensen

Royal Institute of Technology

� Taskorientedexceptionhandling
for freenavigatingrobots

� RelationalAlgebra, PetriNetmodels,
hierarchicalsystemstructure

� Evaluatedin Shop-Floorandoffice
environments

� Significantreductionof MTBF,
cascadedexceptionscovered, alternate
therapiesapplicable

� RequirementsonaServiceRobotArchitecture

� DesignandImplementationIssues

� Experimentsperformedon ourRobots

� Comparisonswith otherArchitectures

Real-Time Contr ol of Internet Based Teleoperation with Force
Reflection

Imad Elhajj � , Ning Xi � and Yun-hui Liu �
� Michigan State University and � The Chinese University of Hong

Kong

A Hybrid Architecture for Hierar chical Reinf orcement Learning
Manfred Huber

University of Texas, Arlington

	 Overcomingrandomtimedelayin
Internet-basedtele-operationwith
forcereflection

	 Event-basedcontrolappliedtoovercome
theinstabilityandde-synchronization
causedby delay

	 Tele-operationwith forcereflection
wasexperimentedbetweenarobot
in MichiganStateandanoperator
in HongKong

	 Firstreal-timetele-operationwith
forcereflectionover theInternet


 Efficientacquisitionof closed-loop
controlpolicies


 Uniform treatmentof basic
actionsandlearnedstrategies


 Skill transferto improvelearning
speedandquality


 Applicationto increasingly
complex locomotiontasks
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Symposia: ThA2-5 (S) Thursday, April 27
���

10:20-12:00, Ballroom 5

MEMS
Organizers & Chairs: Peter Will, Bradley J. Nelson

MEMS and Robotics: Promises and Problems
Peter Will

USC/Information Sciences Institute

3D Viewpoint Selection and bilateral Control for
Bio-Micromanipulation

F. Arai � , T. Sugiyama � , T. Fukuda � and K. Itoigawa �
� Nagoya University and � Tokai Rika Co

� Theimageof themicroscopeis twodimensional,
soit is hardto manipulatethebiologicalsmall
targetin the3D space. Theobjectis fragile, so
it is hardto manipulatesafely.

� We proposea viewpoint selectionmethodin
theVR space, andanew bilateralcontrolsystem
usinga micro tri-axial forcesensorto improve
manipulationof themicroobjectunderthemicroscope.

� We wereableto feel thestrengthof thecell in
x, y, andz direction. It is thefist achievement
in theteleoperationof thebiologicalsmallobject
to demonstratethereal3D bilateralcontrol.

� Wedevelopedthebilateral3Dbio-micromanipulation
system. We improved the operability by the
free viewpoint selectionstrategy andbilateral
control.

Track-following Controller Design of MEMS Based Dual-stage
Servos in Magnetic Hard Disk Drives

Yunfeng Li and Roberto Horowitz
University of California, Berkeley

Issues in Precision Motion Control and Microhandling
Hannes Bleuler, Reymond Clavel, Jean-Marc Breguet and Eric

Pernette
Institute of Robotic Systems - EPFL

� Smalldevicesfor precision
positioncontrol& microfactory

� Sizeof thedevices: Between
MEMS and

� Piezo-actuators, SMA micro
gripper, Micro DischargeMachining

� Closedloopcontrolisamust
for precisionapplications

Micropart Feature Design for Visually Servoed Microassembly
Bradley J. Nelson and Bharath Mukundakrishnan

University of Minnesota
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Session: ThA2-6 Thursday, April 27
���

10:20-12:00, Ballroom 6

Stiffness and Compliance
Chair s: Herman Bruyninc kx, Imin Kao

Internal force-based Impedance Contr ol Of Dual-arm
Manipulation of Flexib le Objects

A. S. AlYahmadi and T. C. Hsia
University of California, Davis

Minimal Realization of an Arbitrar y Spatial Stiffness Matrix with
a Parallel Connection of Simple and Comple x Springs

Rodney G. Roberts
Florida State University

� Simple,efficientschemefor
handlingflexible objects

� Objectdynamicscompensated
for usingsensedforces

� Internalforceisusedtodeform
anobject

� Simulationof twoarmsinserting
aflexibleobjectintoafixture

� Any spatialstiffnessmatrix K canbe realizedwith simple
andcomplex springs.

� The minimum total numberof springsis equalto the rank
of K.

� To reducecomplexity, oneshouldminimize thenumberof
complex springs.

� An algorithmis introducedto realizeK with theminimum
numberof complex springsandtheminimumtotal number
of springs.

An Eigenscre w Anal ysis of Mechanism Compliance
P. L. McAllister and R. E. Ellis

Queen’s University

The Spatial Stiffness Matrix from Simple Stretc hed Springs
J. M. Selig

South Bank University
� Compliance(C) of devicesof

unkown geometrycannotbefound
analytically

� An SPSDapproximationto C
was obtainedfrom simulated
noisystaticsdata

� Eigenscrew decompositionyielded
directionsand magnitudesof
compliance

� Simulationsshowedthemethod
wasreliablefor well-conditioned
poses

� Systemsof simplestretched
springsconsidered.

� Stiffnessmatrixderivedfrom
thepotentialfunction.

� Differentiationongroupmanifold,
noconstraintsused.

� Formof thestiffnessmatrix
investigated.

Classification Structure and Compliance Modeling for Serial
Manipulator s

Jeffrey Hudgens � , Daniel Cox � and Delbert Tesar �
� Applied Materials, Inc. and � University of Texas, Austin

Synthesis of Spatial Compliances with Simple Serial Elastic
Mechanisms

Shugang Huang and Joseph M. Schimmels
Marquette University

	 Robotmanipulatorsare inherentlyflexible whensubjectedto a load
disturbance. The result is inaccurateknowledgeof the end-effector
poseunderload. Theobjective of this paperis to developa structural
compliancemodelfor a generalserialmanipulatorthat includesboth
joint andlink compliancesourcesin any generaldistributionof revolute
andprismaticjoints.

	 Thecompliancemodelingstrategy accommodatesboth joint andlink
compliancesources. A more reliable methodfor placing the link
complianceframesis introduced. Specialconsiderationis given to
modelingthevariablelocalcompliancepropertiesof arobotcontaining
oneor moreprismaticjoints.

	 Thedistinctstructuresfor prismaticjointsare(1) Constant, (2) Proximally
Variable, (3) Distally Variable, and (4) Fully Variable. The link is
segmentedinto variableand constantcompliancesegmentsand the
complianceof eachsegmentis treatedseparately. Thelink compliance
modelingstrategy addressesthefour distinctlink structures.

	 A structuralcompliancemodel for a generalserialmanipulatorthat
includesboth joint and link compliancesourcesis developed. An
improvedlinearquasi-staticcompliancemodelfor serialrobotstructure
comprisedof both revolute and/orprismatic joint is provided. The
modelcanbeusedwith parameterestimationtechniquesto determine
complianceparametersfor the manipulatorwhich canbe appliedin
real-timeon-linedeflectioncompensationschemes.


 compliancesynthesisandrealization


 useserialmechanismwith
springsloadedacrossindividual
prismaticandrevolutejoints


 notall compliancesarerealizable
with mechanismsof thistype;
restrictiononcompliancematrices
identified


 serialmechanismsynthesis
procedurefor compliances
satisfyingrestrictiondefined
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Session: ThA2-7 Thursday, April 27
���

10:20-12:00, Parlor 7

Biped Robots
Chair s: Bernar d Espiau, Friedric h Pfeiff er

A Biped Robot that Jogs
M. Gienger, K. Loffler and F. Pfeiffer

Technische Universitat Munchen

On the Stability of Biped With Point Foot-Gr ound Contact
R. Stojic and C. Chevallereau

Institut de Recherche en Cybernetique de Nantes

� DesignandControlof aBipedWalkingRobot

� DynamicallyStableWalkingandJogging

� Realizationof anAutonomousRobot

� Hardwarein Progress, ResultsEndof 2000

� Controlof simplebipedin
under-actuatedphase

� Rewrittenof systemequation
with new variables

� Definition of a control law
for stabilizationandtracking

� Caseof 2 links and3 links
system

Balance Contr ol of a Biped Robot Combining Off-line Pattern
with Real-time Modification

Q. Huang � , K. Kaneko � , K. Yokoi � , S. Kajita � , T. Kotoku � , N.
Koyachi � , H. Arai � , N. Imamura � , K. Komoriya � and K. Tanie �

� Mechanical Engineering Laboratory (MEL) and � Kobe City College
of Technology

An Online Trajector y Modifier for The Base Link of Biped
Robots To Enhance Locomotion Stability

J. Park and H. Cho
Hanyang University

� Balancecontrolof a biped
robot

� Off-line walkingpatternwith
real-timemodification

� Walkingonroughterrainand
in environmentswith disturbances

� Confirmationbyabipeddynamic
simulator

� Forsablelocomotion, bipedrobots
shouldhaverobustpropertiesagainst
variousdisturbances.

� Thebasetrajectory

� in theverticaldirectionismodified
dependingonthemagnitudeof ZMP
deviationform itssafetyboundary.

� A seriesof simulationsshow that
therobotcanwalkwith theproposed
algorithmseven when there is a
certainamountof disturbanceforce.

Design of Small Power Biped Robot by Load Sharing of
Walking Gait

D. J. Kim 	 , K. I. Kim 	 , Yuan Fan Zheng 
 , Zengqi Sun � and Fuchun
Sun �

	 Myong Ji University and 
 Ohio State University and � Tsinghua
University

Design and Actuation Optimization of a 4 axes Biped Robot for
Walking and Running

C. Chevallereau and P. Sardain
Universite de Poitiers

� Walkingcanbedividedintoone-footandtwo-footstanding
duringthecommonspeedsmoothwalking. In two-foot
standing, theweightof therobotcanbedistributedto all
joints. However, in one-footstanding, it is burdenedto
onefoot, especiallyto theanklejoint.

� Thisproblemis solvedby a loadsharingmethod, which
distributestheloadof theankleto otherjoints.

� Thecurrentof ankleis significantlyreducedto become
lessthanthecritical value.

� Loadconcentrationproblemhasbeensolvedby theload
sharingmethod, whichcalculatesthecurrenttobeconsumed
ateachjoint, andreprogramsthemotionsof all thejoints
accordingly.

 Under-ActuatedRobot

 WalkingAND Running

 OptimalReferenceTrajectories

 AdequationTechnology-Dynamics
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Session: ThA2-8 Thursday, April 27
���

10:20-12:00, Parlor 8

Discrete Event Dynamic Systems 2
Chairs: M. A. Jafari, Okyay Kaynak

Structural approaches to deadlock avoidance in concurrent
resource allocation systems

Jonghun Park and Spyros Reveliotis
Georgia Institute of Technology

Resource-oriented petri nets for deadlock avoidance in
automated manufacturing

Naiqi Wu � and Mengchu Zhou �
� Guangdong University of Technology and � New Jersey Institute of

Technology
� Developmentof anANALYTICAL / ALGEBRAIC

criterionfor testingthecorrectnessof tentative
algebraicdeadlockavoidancepolicies(DAP’s)
for Single-UnitSequentialResourceAllocation
Systems(SU-RAS)

� Thebehavior of SU-RAScontrolledbyalgebraic
DAP’sismodeledbyaPNclassin whichliveness
is equivalentto thenon-existenceof reachable
emptysiphons. But the latter propertycanbe
testedalgebraically.

� Theincludedexampledemonstratesthattheproposed
methodologycaneffectively expandthe class
of algebraicDAP’s for SU-RAS.

� The proposedwork hasexpandedtheclassof
effectively computablealgebraicDAP’sfor SU-RAS,
potentiallyenhancingtheoperationalflexibility
of thesesystems. Futureworkwill extendthese
resultsto broaderRAS classes.

� Introduction

� Petrinetsandsystemmodeling

� Livenessof interactive subnets

� Performanceimprovementthroughanexample

Deadlock avoidance for manufacturing systems with partially
ordered process plans

Widodo Sulistyono and Mark A. Lawley
Purdue University

Queuing Network Analysis for an IC Foundry
J. Y. Juang and H. P. Huang
National Taiwan University

� A tool-groupbasedhybriddecomposed
queueingnetwork model

� Systemdiagnosis: arrival and
servicepatternanalysis

� Systemprediction: productcycle
time,lot remainingcycletime,
N-stepcycle time, tool group
move, stagemove, tool group
utilization

� Successfullyappliedtoafamous
IC foundry

A Formalism for the Composition of Concurrent Robot
Behaviors

Eric Klavins and D. E. Koditschek
University of Michigan

Petri-Net and GA Based Approach to Modeling, Scheduling,
and Performance Evaluation for Wafer Fabrication

J. H. Chen and L. C. Fu
National Taiwan University

� Synthesisof Hybrid, Concurrent
RobotBehaviors

� Applicationsin Automated
Manufacturing

� CompositionalPetriNetsare
LiveandReversible

	 Provideaneffectiveschedulingmethod
for waferfabrication.

	 UsePetri-Netfor modelingtools
& GA for schedulingapproach.

	 Two casesof simulationsto show
thesuperiorityof this method.

	 Presentasystematicmodelingmethod
& aneffective schedulingpolicy.
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Session: ThA2-9 Thursday, April 27
���

10:20-12:00, Parlor 9

Haptic Interface 2
Chair s: Blake Hannaford, Christian Laugier

A Compliant Tactile Displa y for Teletaction
G. Moy, C. Wagner and R. S. Fearing

University of California, Berkeley

Ar tificial Tactile Feel Displa y Using Soft Gel Actuator s
M. Konyo � , S. Tadokoro � , T. Takamori � and Keisuke Oguro �
� Kobe University and � Osaka National Research Institute

� Cheap, compliant, leakfree,
frictionlesstactiledisplay

� Onestepmoldssealedchambers
for pneumaticactuation

� 5x5 array, 2.5mmspacing,
180mNpeakforce, 0.8mm
peakdisplacement

� Gratingorientationdetectable
with 10

� Displaydelicatetouchasa
surfaceof clothusingamechanical
device.

� Ciliary deviceusingsofthigh
polymergelactuatormakes
variousstimuli.

� Comparisonwith material
samplesshowedvarietyof
generatedfeels.

� Thisdevicecandisplaysubtle
differenceof touchof cloth.

Fing ernail Touc h Sensor s: Spatiall y Distrib uted Measurement
and Hemod ynamic Modeling
S. Mascaro and H. H. Asada

Massachusetts Institute of Technology

Automatic Identification of Local Geometric Proper ties During
Teleoperation

T. Debus � , P. Dupont � and R. D. Howe �
� Boston University and � Harvard University

	 MotivationandPrinciple

	 VascularAnatomyandHemodynamic
Modeling

	 ModelSimulation

	 ExperimentalValidationand
Conclusion


 Userobotsensorstoestimate
objectpropertiesduringmanipulation


 How: interprettaskassequence
of contactstates


 Result: methodto segment
sensordatastreamby contact
state


 Validation: estimationof 3-D
peg-in-holedimensionsduring
insertion

Using Haptic Vector Fields for Animation Motion Contr ol
B. R. Donald and F. Henle

Dartmouth College

Perception of Depth Information by Means of a Wire-Actuated
Haptic Interface

P. Arcara, L. Di Stefano, S. Mattoccia, C. Melchiorri and G. Vassura
University of Bologna

� Wantnaturalmethodfor authoring
andeditingmotions

� C-spaceis reparameterized
by hapticcontrolspace

� Hapticforcefieldsimplement
static/dynamicconstraints

� Systemencouragesgoodmotions,
discouragesbadmotions

� RoboticAid for Blind Persons

� SceneReconstructionbyStereo
Vision

� PerceptionbyWire-Actuated
HapticInterface

� Experimentswith Real-World
Scenes
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Session: ThP1-1 Thursday, April 27
���

14:20-16:00, Parlor 1

Manipulator Path Planning
Chairs: Sunil K. Agrawal, S. Zeghloul

Omni-directional Mobile Base OK-II
Myung-Jin Jung, Heung-Soo Kim, Sinn Kim and Jong-Hwan Kim

KAIST

On Tracking Control of Mobile Manipulator
Wenjie Dong, Yangsheng Xu and Qi Wang

The Chinese University of Hong Kong

� Omni-directional motion with
2-WMR and revolute joint

� Kinematic, dynamic models
and control laws derived

� Semi-autonomous: object locating,
path planning and following

� OK-III, fully-autonomous robot,
under development

� Study the tracking control problem
of mobile manipulators with regard
to the dynamic interaction between
the mobile platform and the manipulator

� Investigate its nonholonomic nature

� Propose a global tracking controller
based on extended Barbalat’s
lemma

� Ensure the stability of the full
state of the system in presence
of dynamic interaction and system
uncertainty

Dynamic Trajectory Planning for Autonomous Underwater
Vehicle- Manipulator Systems

T. Podder and N. Sarkar
University of Hawaii at Manoa

A Local-based Method for Manipulators Path Planning in Heavy
Cluttered Environments

C. Helguera and S. Zeghloul
Universite de Poitiers

� Dynamics-based motion planning
for heterogeneous systems

� Fourier series representation
and weighted pseudoinverse

� Simulation results

� Smoother motion of the heavy
subsystem and reduction of
power and energy

� The constraints method

� A new task description

� The zig-zaging phenomenon

� Solving blockages with a local
graph

Reactive Mobile Manipulation Using Dynamic Trajectory
Tracking

P. Ogren, M. Egerstedt and X. Hu
Royal Institute of Technology

Coordinated Trajectory Following for Mobile Manipulation
M. Egerstedt and X. Hu

Royal Institute of Technology

� Gripper trajectory tracking for a mobile
manipulator is studied.

� Tracking is coordinated with obstacle
avoidance base control.

� Deadlock free, robust and safe performance
is proven.

� The algorithm is currently beeing implemented
on the hardware.

� Motion coordination for mobile manipulators
is studied

� A model independent coordination strategy
for multiple robot platforms is proposed

� A virtual vehicle approach is exploited
for the coordinated tracking task

� A proven stable and robust coordinated
performance is achieved
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Session: ThP1-2 Thursday, April 27
���

14:20-16:00, Parlor 2

Mapping and Localization 3
Chairs: Bruce Donald, P. Jensfelt

Practical Mobile Robot Self-Localization
Jon Howell and Bruce Randall Donald

Dartmouth College

Environmental Map Generation and Ego-motion Estimation in a
Dynamic Environment for an Omnidirectional Image Sensor

Yasushi Yagi, Kouichi Shouya and Masahiko Yachida
Osaka University

� mapmaking& localization
withoutexplicit landmarks

� computelikely feasibleposes
basedon rangedata

� repeatablylocalizetowithin
5 cm & 1 degree

� result: a simple, effective
onlinealgorithm

� Generationof a stationaryenvironmentalmap
is oneof the importanttasksfor vision based
robotnavigation.

� In thispaper, undertheassumptionof unknown
translationalmotionsof therobot, we propose
amethodtogenerateastationaryenvironmental
mapandestimatetheegomotionof arobotin a
dynamicenvironment, byusinganomnidirectional
imagesensor.

� Twoexperimentswereconductedfor evaluating
accuracy of measurementsandeffectivenessin
ourcomputerroom(6mx 4m). Averageerrors
of the locationmeasurementof the robot and
stationaryenvironmentalmapwereapproximately
4 cm and18cm,respectively

� Sincebothrobotandobjectsmovein theenvironment,
themethodcandetectamoving objectandfind
occlusionandmismatchingbyevaluatingestimation
errorof eachobjectlocation.

Civil Engineering Articulated Vehicle Localization: Solutions to
deal with GPS Masking Phases

D. Bouvet and G. Garcia
Ecole Centrale de Nantes

Localization based on Visibility Sectors using Range Sensors
S. Lee, N. M. Amato and J. Fellers

Texas A&M University

� We proposea reliable2-D
localizationsystemfor compactors

� Positionerrormustbelower
than20cmevenduringGPS
maskingphases

� Experimentalvalidationon
aninstrumentedmachine

� Preciselocalizationwithout
any landmarksusingrange
sensors

� Preprocessingpartitionsthe
workspaceintovisibility sectors

� Analyzerangesensorreadings
andlocalizefirst toasector,
andthentoaparticularconfiguration
within thatsector

� Applicablefromany configuration
in theenvironment

Mobile Robot Self Localization Using PDAB
J. Reuter
TU-Berlin

Position Estimation in Outdoor Environments using Pixel
Tracking and Stereovision

A. Mallet � , S. Lacroix � and L. Gallo �
� LAAS-CNRS and � Aerospatiale, Chatillion France

	 Kidnappedrobotprobl. in
sparsemodeledEnv.

	 Target-detectionin denseclutter
solvedby MHT

	 Mapsof naturalpointlike-landmarks

	 Appr. convergesfast, seems
to berobust
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Session: ThP1-3 Thursday, April 27
���

14:20-16:00, Parlor 3

Modeling and Control
Chairs: Richard Klafter, Imre Rudas

A New Data Fusion Method and its Application to State
Estimation of Nonlinear Dynamic Systems

Jae-Won Lee and Sukhan Lee
Samsung Advanced Institute of Technology

Non-Conventional Integration of the Fundamental Elements of
Soft Computing and Traditional Methods in Adaptive Robot

Control
I. J. Rudas, J. K. Tar, J. F. Bito and K. Kozlowski

Bnki Dont Polytechnic

Advanced Torque Control of Robot Manipulators Driven by AC
Induction Motors

Dong Sun and James K. Mills
University of Toronto

Variable Structure Systems Approach to Friction Estimation
and Compensation

Q. P. Ha, A. Bonchis, D. C. Rye and H. F. Durrant-Whyte
The University of Sydney

� Demandfor thedesignof afeasible
controlmethodfor AC induction
motors which can exhibit better
motionperformancethanPID.

� A torquefeed-forwardplusaPI-type
torquefeedbackcontrol.

� Theimplementationisgreatlysimplified
throughlinearizationof thetorque
dynamicswhile makingpartialcompensation
viacurrentfeedbackandflux estimation.

� Experimentsconductedonacommercial
AC inductionservo systemdemonstrate
theeffectivenessof theproposed
torquecontrolmethod.

� Usinga VSS-basedtechnique
in designingobserversfor friction
estimationandcompensation

� Model-basedapproach: VSO
for friction compensationwith
andwithoutvelocityinformation

� Nonmodel-basedapproach: Friction
cancellationwith arobustsliding
modecontroller

� Robustnessverifiedwith friction
of bothstaticanddynamictypes

Stabilization of A Gyroscopically Stabilized Robot on an
Inclined Plane

Yangsheng Xu and Loi Wah Sun
The Chinese University of Hong Kong

Fuzzy Logic Based Optimization for Manipulators
M. C. Ramos and A. J. Koivo

Purdue University

� Develop a control system
for agyroscopicallystabilized
roboton aninclinedplane

� Developacompletedynamic
model

� Studyitsstabilizationoninclined
plane

� Proposethebacksteppingcontrol
for trajectorytrackingand
stabilization
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Session: ThP1-4 Thursday, April 27
���

14:20-16:00, Ballroom 4

Grasp Anal ysis and Optimization
Chair s: R. D. Howe, H. Lipkin

Metrics for analysis and optimization of grasps and fixtures
Thomas G. Sugar � and Vijay Kumar �

� Arizona State University and � University of Pennsylvania

Regrasping Behavior Generation for Rectangular Solid Object
Y. Hasegawa, J. Matsuno and T. Fukuda

Nagoya University

� Generationof regraspingmotion
for a four-fingeredrobothand.

� UsingEvolutionaryProgramming(EP).

� Rotationof rectangularsolidobject
with regraspingmotion.

� Wecontroltherealrobothand
usingthecontrollerdesignedin
computersimulations.

Computing 3-D Optimal Form Closure Grasps
D. Ding, Y. Liu and S. Wang

The Chinese University of Hong Kong

The Synthesis of 3-D Form Closure Grasps
D. Ding � , Y. Liu � and S. Wang �

� The Chinese University of Hong Kong and � Harbin Institute of
Technology

� Constructinga form-closuregrasp
isof significancefor graspandregrasp
planning.

� Given grip points of more than 2
fingers, find optimalgrip pointsfor
theotherfingers.

� Theproblemis formulatedasaNLP
problem.

� Theperformanceis verifiedby two
examples.

	 A formulationof thesynthesis
of 3-D frictional form-closure
grasps.

	 By arecursivereductiontechnique,
the6-Dproblemis transformed
to a3-D one.

	 Theform-closurecondition
isequivalentto theinconsistancy
of linearinequalities.

	 Numericalsimulationresults
areprovidedtoshow theefficiency.

Precision Localization and Robust Force Closure in Fixture
Layout Design for 3D Workspaces

M. Y. Wang and D. Pelinescu
University of Maryland

Kinematic Graspability of a 2D Multifing ered Hand
Y. Guan and H. Zhang
University of Alberta


 Kinematic feasibility analysisis to determine
whetheradesiredgraspisachievedby thehand
with respectto theobject, undertheconsideration
of handkinematicsandobjectgeometry.


 Two constraintsin a grasp, contactconstraint
andcollision-freeconstraint, areevaluatedin
termsof triangularareas. Theanalysisis then
modeledasaconstrainednonlinearglobaloptimization
problem.


 Numericalexamplesincluding thegraspsof a
rectangleandadiskby atwo-fingeredhandare
provided.


 Theunifiedandeffectivemethodgivesadefinitive
answerto kinematicgraspabilityanalysis. It
is applicableto various 2D graspsincluding
fingertipgraspsandpower grasps.
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Symposium:� ThP1-5 (S) Thursday, April 27
���

14:20-16:00, Ballroom 5

Education
Chair: Aydan Erkmen, Robin Murphy, and Takashi Tsubouchi

Panelists:

Paolo Dario, ARTS-SSSUP, Pisa
Matthew T. Mason, The Robotics Institute, Carnegie Mellon University
Shankar Sastry, Electronics Research Lab, EECS, UC-Berkeley
Harry Stephanou, Center for Automation Technologies, RPI
Kazuo Tanie, Mechanical Engineering Laboratory, AIST-MITI
Peter M. Will, USC/Information Sciences Institute

The Education Panel will begin with the six following presentations:

� Mechatronics Education,
Paolo Dario ARTS-SSSUP, Pisa

� Robotics Education,
Matthew T. Mason, The Robotics Institute, Carnegie Mellon University

� Education,
Shankar Sastry, Electronics Research Lab, EECS, UC-Berkeley

� The University’s New Role In Industrial Research,
Harry Stephanou, Center for Automation Technologies, RPI

� What are Mechatronics Engineers and Education of Mechatronics,
Kazuo Tanie, Mechanical Engineering Laboratory, AIST-MITI

� Mechatronics at the Crossroads of Education and Industry:
The Robotics Research and Design Experience,
Peter M. Will, USC/Information Sciences Institute
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Session: ThP1-6 Thursday, April 27
���

14:20-16:00, Ballroom 6

Identification
Chair s: Wisama Khalil, Jan Swevers

Calibration of a Motoman P8 Robot Based on Laser Tracking
W. S. Newman � , C. E. Birkhimer � , R. J. Horning � and A. T. Wilkey �

� Case Western Reserve University and � Ktech Corp.

On-Orbit Calibration of the SPDM Force/Moment Sensor
Farhad Aghili

Canadian Space Agency
� Motivation: improvedcalibration

of anindustrialrobot

� Approach: useSMX lasertracker;
comparecircle-pointto search
methods

� Results: circle-pointhadhigher
RMSerror, butbetterfit tovalidation
data

� Conclusions: circle-pointmethod
ismorereliablethanalternative
methods

� Thecalibrationmatrixof theSPDM
force/momentsensorneedstobe
updatedon orbit

� Inertial forces are applied as a
resultof themovementof themanipulator
payload

� An ExtendedKalmanfilter isemployed
toestimatethesensor’sgainmatrix

� Simulationresultsdemonstrated
the convergencepropertyof the
estimator

An Anal ytical Method to Eliminate the Redundant Parameter s
in Robot Calibration

M. Meggiolaro and S. Dubowsky
Massachusetts Institute of Technology

Fuzzy linear regression for contact identification
M. Oussalah

Katholieke Universiteit Leuven

� To improve robot calibration,
redundanterrorparametersmust
beeliminated

� A generalanalyticalmethodto
eliminatetheredundantparameters
is presented

� Simulationsare conductedto
verify themethod

� Themethodallowsfor improved
calibrationaccuracy of any serial
manipulator

Comparison of weighted least squares and extended kalman
filtering methods for dynamic identification of robots

Ph. Poignet � and M. Gautier 	
� Laboratoire de Vision et Robotique de Bourges(A.S.A.R.) and
	 Institut de Recherche en Cybernetique de Nantes(IRCyN)

Fault Detection for Robot Manipulator s with Parametric
Uncer tainty: A Predictive Error-Based Appr oach

W. E. Dixon, I. D. Walker, D. M. Dawson and J. P. Hartranft
Clemson University


 Identificationof robotdynamic
parameters


 Weightedleastsquarescompared
with extendedkalmanfiltering


 Experimentalidentification
of a2 dof SCARA robot


 Closeresultsprovidedgood
initial valuesfor EKF

� ProblemMotivation

� DynamicModel

� PredictionErrorBasedFault
Detection

� ExperimentalResults
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Session: ThP1-7 Thursday, April 27
���

14:20-16:00, Parlor 7

Actuators 2
Chairs: Howie Choset, Yoshio Yamamoto

Micro Positioning and Actuation Devices Using Giant
Magnetostriction Materials

Yoshio Yamamoto � , Takaaki Makino � and Hiro Matsui �
� Tokai University and � Moritex Corporation

Improved Modelled and Assessment of pneumatic Muscle
Actuators

N. Tsagarakis and D. G. Caldwell
University of Salford

� Novel applications of Giant Magetostriction
Materials

� Self-sensing and thermal compensation
mechanism

� Design optimization via FEM analysis

� Micro positioning and wire clamping

� Modelling of Bio-mimetic
pneumatic Muscle Actuators.

� Improved prediction of forces
and displacements

� Comparison of theoretical
and experimentation using
ultra large actuators

� Better planning of designs
and assessment of performance
requirements

Development of Platform for Micro-Positioning Actuated by
Piezo-Legs

L. Juhas, A. Vujanic, N. Adamovic, L. Nagy and B. Borovac
University of Novi Sad

A ZPET-Repetitive Speed Controller for Ultrasonic Motors
H. Rodriguez, J. L. Pons and R. Ceres

Consejo Superior de Investigaciones Cientificas, Spain

� In this paper we present the design and
testing results of a simple platform for
micropositioning.

� The platform has three legs, and can move
freely over the supporting surface.

� With the onboard control electronics, translation,
as well as complex planar motion can be
achieved.

� With its practically unlimited range of motion
and the simultaneous possibility of highly
precise positioning, the present platform
performances represent a good basis for
whole spectrum of laboratory and industrial
applications.

� To Reduce the Speed Ripples
of Rotary Piezoelectric Motors.

� Zero Phase Error Tracking
with Repetitive Control is
used.

� Results: A 77

� Fair Control of Ripples but
still Room for Improvement.

Characteristics of an Ultrasonic Motor Capable of Generating a
Multi-Degrees of Freedom Motion

Kenjiro Takemura and Takashi Maeno
Keio University

Closed-Loop Operation of Actuator Arrays
J. E. Luntz, W. Messner and H. Choset

Carnegie Mellon University

	 Multi-DOF actuators are effective for dexterous
robots.

	 A multi-DOF ultrasonic motor is constructed
using three natural vibrations of the stator.

	 Driving and control characteristics of the multi-DOF
ultrasonic motor are measured.

	 The multi-DOF ultrasonic motor is applied
to the multi-DOF forceps for a laparoscopic
surgery.
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Session: ThP1-8 Thursday, April 27
���

14:20-16:00, Parlor 8

Flexible Assembly Systems
Chairs: Daniel Cox, M. A. Erdmann

Uncertainty Reduction Using Dynamics
M. Moll and M. A. Erdmann
Carnegie Mellon University

Flexible Handling in Disassembly with Screwnail Indentation
B. R. Zuo, A. Stenzel and G. Seliger

Technical University Berlin

� For assemblytaskspartsoften have to be
orientedbeforethey canbeputin anassembly.
Theresultspresentedin thispaperareacomponent
of the automateddesignof partsorienting
devices.

� Weoptimizetheshapeof thesupportsurface
anddrop height that minimize the entropy
of the posedistribution of a part. We use
dynamicsimulationin combinationwith quasi-capture
regionstoquicklycomputetheposedistribution.

� Oursimulationandexperimentalresultsconfirm
that our dynamicsimulatorcanbe usedto
find thetrueposedistribution of anobject.

� Thisnew approachisafeasiblewaytoassist
in thedesignof partsorientingdevices.

� Flexiblehandlingin disassembly

� Generatenew surfaceswith
a screwnail to transmitthe
forcesandtorque’s

� Developmentandvalidation
of amathematicalmodelto
calculatetheindentationtorque
for thescrewnail

� Realizableandcost-effective
solutionfor handlingin disassembly

Flexible Robot-Assembly Using a Multi-Sensory Approach
Stefan Joerg � , Joerg Langwald � , Johannes Stelter � , Gerd Hirzinger �

and Ciro Natale �
� German Aerospace Center and � Universita degli Studi di Napoli

Federico II

A system for automatic assembly and disassembly operations
Swee M. Mok � , Chi-haur Wu � and D. T. Lee 	

� Motorola Inc., � Northwestern University and � Academia Sinica


 IntegratedAssemblyCell for flexible
Robot-Assemblyon moving parts


 Model-basedreal-timevisionsystem
for 3D PoseEstimationandTracking,
forcecontrolusinginnovativecompliant
6 DOF F/T sensor, automaticforce
controllerdesign


 Thesystem’srobustnesswasdemonstrated
with greatsuccessattheKUKA booth
duringtheHannover Fair 1999


 Complex assemblyproblemscanbe
solvedwith sensor-controlledrobots.

� ToRepresentParts, Tools, andOperations

� ProposeaBinaryTree

� SimulatedCellularTelephoneAssembly

� PartsandHandlersTreefor Analysis

A Component-Based Approach to the Holonic Control of a
Robot Assembly Cell

Jin-Lung Chirn and Duncan C. McFarlane
University of Cambridge

Automatic Object Recognition as Part of an Integrated
Supervisory Control System

T. Tuytelaars, A. Zaatri, Luc Van Gool and H. Van Brussel
University of Leuven

� reconfigurablemanufacturing
controlarchitectureto long-term
changes

� component-baseddevelopment
andholonicmanufacturing
systems

� execution control systems
for a robotassemblycell

� implementationof plug-and-play
manufacturingcontrol

 Easyinteractionwith objectsundertele-operation

 throughanautomaticobjectrecognition
module

 viewpoint & illumination invariant

 integratedin arobustISCSwith different
controllevels, errorrecovery, anticipation,
...
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Session: ThP1-9 Thursday, April 27
���

14:20-16:00, Parlor 9

Collision Detection and Distance Computation
Chairs: Stephen Cameron, Ming Lin

Computing Signed Distances between Free-Form Objects
F. Thomas � , C. Turnbull � , L. Ros � and S. Cameron �

� Oxford University and � CSIC-UPC, Barcelona

Fast Distance Queries with Rectangular Swept Sphere Volumes
E. Larsen, S. Gottschalk, M. Lin and D. Manocha

University of North Carolina, Chapel Hill

� NURBSusedto representfree-formsurfaces

� Descenttechniqueto tracktheminimumdistance

� Boundson patchapplicabilityfrom controlpoints

� Sub-division usedto focusin onsolution

� Distancecomputationis essentialin
robotmotionplanning, dynamicsimulation,
virtualprototyping, simulation-based
designandhapticrendering.

� Useof efficientboundingvolumehierarchy
of rectanglesweptspheres, traversal
coherence, andpriority directedsearch

� Achieve uptoanorderof magnitude
speedupoverthestateof artonmany
benchmarksfrom motion planning,
dynamicsimulationandvirtualprototyping
applications

� Plantoexplorethepossibilityof hybrid
hierarchyfor generalproximityqueries

EODM- A Novel Representation for Collision Detection
M. Benitez, K. Gupta and B. Bhattacharya

Simon Fraser University

An Algebraic Solution to the Problem of Collision Detection for
Rigid Polyhedral Objects

S. Redon � , A. Kheddar� and S. Coquillart �
� INRIA - Rocquencoart and � University d’Evry, France

	 DiscretizedDistanceMapsspeed-upcollisiondetection,
however, theirmemoryrequirementsmaybeexcessive.
Octreesarememoryefficient but slow for collision
detection.

	 The ExtendedOctreeDistanceMap (EODM) is a
novel representationfor efficient collision detection
in staticenvironments. It capturesthedistanceto the
obstaclesin ahierarchicalmannerusingoctrees.

	 EODMrequiresonlyasimpleconstant-timetest, essentially
a look upin thestoreddistance. EODM is computed
onceandrepeatedlyusedfor collisiondetectionqueries.

	 Ourpreliminaryexperimentsin 2Dshow thatEODM
speedsup collision detectionby a factorof threeto
six comparedto anoctree.


 Realisticandintuitiveobject
manipulationin VirtualEnvironments


 Continuouscollisiondetection
usinganarbitraryscrewing-derived
in-betweenmotion


 Themanipulationcanbedone
at interactive rates


 Valuableapproachfor Collision
Detectionsystemsin Virtual
Environments

Registration of Range Data Using a Hybrid Simulated
Annealing and Iterative Closest Point Algorithm

J. Luck � , C. Little � and W. Hoff �
� Colorado School of Mines and � Sandia National Laboratory

Neural-Network Based Target Differentiation Using Sonar for
Robotics Applications

Billur Barshan  , Birsel Ayrulu  and Simukai W. Utete �
 Bilkent University and � University of Oxford

� Robustandefficientregistrationof range
data

� A hybridalgorithmcombiningICPand
SimulatedAnnealing

� Thealgorithmissuperiortoeitherindividual
technique

� Thealgorithmisbothrobustandefficient.

� MotivationandProblemStatement

� Neural-Network BasedTargetDifferentiation

� ExperimentalResults

� Conclusions
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Session: ThP2-1 Thursday, April 27
���

16:20-18:00, Parlor 1

Sensing Strategies and Contr ol 2
Chair s: D. Kriegman, Alfred A. Rizzi

High Speed Visual Servoing of a 6 DOF robot Using MIMO
Predictive Contr ol

J. Gangloff and M. de Mathelin
Ecole Nationale Superieure de Strasbourg(ENSPS)

Robust Video Based Object Recognition Integrating Highl y
Redundant Cues for Indexing and Verification

C. Eberst, M. Barth, K. Lutz, A. Mair, S. Schmidt and G. Farber
Technische Universitat Munchen

� 120Hz visualservoing

� Dynamicalmodelof thevisualloop

� MIMO GeneralizedPredictiveControl

� 6DOFtargettrackingexperiment

� robust andinexpensive object
recognitionfor mobilerobots

� combinationof diversitarystrategies
for hypothesisgeneration/verification

� robustnessagainstscenecomplexity
andsensingconditions

� reusingjoint featuresfor performance
at little cost

Towards Robust Sensor -Based Maneuver s for a Car-Like
Vehic le

F. Large, S. Sekhavat, C. Laugier and E. Gauthier
INRIA, Rhone-Alpes

Selecting Promising Landmarks
Markus Knapek � , Ricardo Swain-Oropeza � and David J. Kriegman

�
� Technical University of Munich and � University of Illinois at

Urbana-Champaign

� ReactiveControlArchitecture
for aCar-Like Vehicle

� Artificial NeuralNetworks
tomodelizetherobotkinematics

� Real-timeAdaptationusing
OnlineLearning

� Experimentalresultsfor the
trajectoryfollowing maneuver

� Selectingbestlandmarksfor
visual-basednavigationtasks

� Onlyperceptuallysalientand
visuallydistinctivelandmarks
areselected

� Harrisdetector, K-jets and
Mahalanobisdistanceareused
in thismethod

� Experimentalresultsperformed
in indoorenvironments

Dealing with robustness in mobile robot guidance while
operating with visual strategies

G. Bianco 	 and A. Zelinsky 

	 University of Verona and 
 The Australian National University

Two-Level Visual Contr ol of Dynamic Look-and-Mo ve Systems
F. Conticelli and B. Allotta

Scuola Superiore Sant’ Anna

� Studyingfeaturesrelatedto
visualguidancemethods

� Analysisof thevisualnavigation
vectorfield

� Visuallearningandrobustness
featuresaremeasured

� Motionfieldsprovidebases
for addressingmotionfeatures

� In thispaper, theproblemof controllingdynamic
look-and-movesystems, takingintoaccount
thelinearrobotdynamicsin thevisualcontrol
loop, is solved by applying backstepping
approach.

� Assumingthe existenceof a local smooth
stabilizingcontrollaw for thevisualsystem,
theproposedcontrolalgorithmsaddressthe
problemof thestabilizationof theinterconnected
systemincludingthelinearrobotdynamics.

� Experimentalresultsobtainedwith thePUMA
560 robot eye-in-handconfigurationshow
that systemperformanceis satisfactory in
thepositioningwith respectto targetobjects
in realconditions.

� Typicaltasksbasedontheproposedapproach
couldbe: high-performancevision-basedmanipulation,
andassemblyoperations.
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Session: ThP2-2 Thursday, April 27
���

16:20-18:00, Parlor 2

Sensing for Navigation
Chairs: Kurt Konolige, Edwin Prassler

Autonomous Control of Underground Mining Vehicles using
Reactive Navigation

J. M. Roberts ��� , E. S. Duff ��� , P. I. Corke ��� , P. Sikka � , G. J.
Winstanley ��� and J. Cunningham� �

� CSIRO, � CSISO and � CRC

Active Perceptual Anchoring of Robot Behavior in a Dynamic
Environment

A. Saffiotti and K. LeBlanc
Orebro University

	 Automationof aclassof underground
miningvehicles(LHDs)

	 Reactive navigation using
wall following andnodalmaps

	 Full-speedperformanceof
anLHD hasbeendemonstrated

	 Automationof LHDs ispossible
without addingnavigation
infrastructure


 Perceptionmustberelevant
to thecurrenttask


 Anchor: modelof aphysical
object, usedby thecontroller


 Perceptualfocusbasedon
‘measureof importance’ of
anchors


 Usedin RoboCup’99to track
severalobjectssimultaneously

Critical Point Sensing in Unknown Environments
E. Acar and H. Choset

Carnegie Mellon University

Optimal Motion Planning in the Image Plane for Mobile Robots
H. Zhang and J. Ostrowski
University of Pennsylvania

� CompleteSensorBasedCoverage
of Unknown Environments

� Exact Cellular Decomposition
in Termsof Critical Points

� CriticalPointSensingandAlgorithms
to EncounterAll of Them

� ExperimentalVerificationof the
TheoreticalResultsonaMobile
Robot

� Intro toVisualMotionPlanning

� Examplefor planarrobots

� Examplefor a3-D robot

� Summaryanddiscussion

High Accuracy Navigation Using Laser Range Sensors in
outdoor Applications

Jose Guivant, Eduardo Nebot and Stefan Baiker
University of Sydney

Feature Extraction for Autonomous Navigation using an Active
Sonar Head

E. G. Araujo and R. A. Grupen
University of Massachusetts

 AutonomousNavigation: Long
term/ Largeareas

 SimultaneousLocalization
andMapbuilding

 NaturalFeatureRecognition
/ Validation

 OutdoorExperimentalResults

� FeatureAcquisitionfor ReliableIndoor
Navigation

� Useof BinauralSonarHeadtoExtract
2D Features

� Millimeter Precisionin FeatureLocalization

� ActiveSensingAllowsReliableFeature
Extraction
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Session: ThP2-3 Thursday, April 27
���

16:20-18:00, Parlor 3

Learning 2
Chairs: Koji Ito, C. S. George Lee

Reinforcement Learning with Fuzzy Evaluative Feedback for a
Biped Robot

C. Zhou and Q. Meng
Singapore Polytechnic

Learning and Adaptation of Sensory Perception Models in
Robotic Systems

T. Celinski and B. McCarragher
Australian National University

� Whyfuzzyevaluativefeedback
for bipedlearning.

� Fuzzyreinforcementlearning
(FRL) .

� Bipedgait synthesisbased
onFRL.

� Simulationresults.

� AdaptiveControlof Perception
RequiresGoodPerception
Models

� GoodPerceptionModelsCan
BeAchievedThroughAdaptation

� RadialBasisFunctionsOver
Fixed-SizeGridsAllow Real-Time
ModelAdaptation

� ApplicabletoSensorySystems
with Time-VaryingCharacteristics

Learning Globally Consistent Maps by Relaxation
Tom Duckett � , Stephen Marsland � and Jonathan Shapiro�

� University of Orebro and � University of Manchester

Fast Learning of Biomimetic Oculomotor Control with
Nonparametric Regression Networks

T. Shibata � and S. Schaal �
� Japan Science and Technology Corporation and � The University of

Southern California

	 Fast,on-line maplearning
algorithm

	 Generatesgeometricallyconsistent
maps

	 Proventoconvergetoaglobally
optimalsolution

	 Experimentsin large, real
world environments


 Learningaccurateoculomotorreflexes
for visualstabilizationduringbody-movement


 Combiningabiologicallyinspired
cerebellarlearningschemewith a
state-of-the-artstatisticallearning
network


 Usinga biomimeticactive vision
systemonourhumanoidrobot, accurate
stabilizationreflexes are learned
in lessthan60 seconds


 Biomimetic learningandcontrol
circuitscombinedwith modernstatistical
learningmethodsleadtoautonomous
acquisitionof high performance
oculomotorcontrol

Evolution Based Virtual Training in Extracting Fuzzy
Knowledge for Deburring Tasks

S. F. Su � , T. J. Horng � and K. Y. Young �
� National Taiwan University of Science and � Technology and

National Chiao Tung University

Self-Adaptive Neuro-Fuzzy Systems with Fast Parameter
Learning for Autonomous Underwater Vehicle Control

J. S. Wang  , C. S. G. Lee  and J. Yuh �
 Purdue University and � University of Hawaii

� Toobtainoptimalparameters(skill) throughvirtual training.

� Fuzzurulesaretheskill knowledgeto befound.

� Evolution Strategies are usedto searchfor the bestfuzzy
rules.

� The resultsof deburring aremoresatisfactory thanthat of
thepreviouswork.

� A GenericMulti-LayerNeuro-Fuzzy
ControlArchitecture

� LinearandNonlinearOptimization
for FastParameterLearning

� Neuro-FuzzyNetworkswith Self-Adaptive
andSelf-OrganizingCapabilities

� ComputerSimulationVerification
for ControllinganAUV
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Session: ThP2-4 Thursday, April 27
���

16:20-18:00, Ballroom 4

Grasping and Force Control
Chairs: Suguru Arimoto, Bruno Siciliano

A Position/Force Control for a Soft Tip Robot Finger Under
Kinematic Uncertainties

Zoe Doulgeri � , Andreas Simeonidis � and Suguru Arimoto �
� Aristotle University of Thessaloniki and � Ritsumeikan University

Geometrically Consistent Impedance Control for Dual-Robot
Manipulation

Fabrizio Caccavale � , Stefano Chiaverini � , Ciro Natale � , Bruno
Siciliano � and Luigi Villani �

� Universit degli Studi di Napoli Federico II and � Universit degli Studi
di Cassino

� Controlwith uncertaincontact
pointandsurfaceorientation

� Adaptivecontrolwith composite
parameterupdatelaw

� Simulationresultsfor a 3
dof planarroboticfinger

� Asymptoticstabilityof force
andestimatedpositionerrors

� TwoRobotsGraspingaRigid Object

� Task-OrientedFormulation

� Six-DOFImpedanceControl

� ExperimentalResults

A Biomimetic Compliance Control of Robot Hand by
Considering Structures of Human Finger

B. H. Kim 	 , B. J. Yi 	 , I. H. Suh 	 , S. R. Oh 
 and Y. S. Hong 

	 Hanyang University and 
 KIST

Rolling Based Manipulation for Multiple Objects
K. Harada, M. Kaneko and T. Tsuji

Hiroshima University

� BiomimetricComplianceControl
Method

� ResolvedInter-Finger/Inter-Joint
DecouplingSolver

� ImprovedComplianceControl

� GraspGeometryandGeometric
Structureof Fingerimportant
for successfulcompliance
control

� Weformulatethemanipulationtheoryof
multipleobjects.

� Wediscussthemotionconstraintof multiple
objects.

� Wediscussthedependency of contactforce.

� Experimentalresultsareshown to verify
our idea.

Control of Grasping Force by Detecting Stick/Slip Distribution
at the Curved Surface of an Elastic Finger

Takashi Maeno, Shinichi Hiromitsu and Takashi Kawai
Keio University

Motion-decoupled internal force control in grasping with
visco-elastic contacts

D. Prattichizzo and P. Mercorelli
Universit di Siena

 Tactilesensorfor graspingunknown
objectis expectedto bedeveloped.

 A methodfor graspingobjectusing
curvedelasticfingeris proposed.

 It is confirmedthatobjectisgrasped
andlifted without slippage.

 The proposedsensorcanbe used
for robothands.

� Generalmanipulationsystems.

� Non-rigidcontacts. Noninteracting
force/motioncontrol.

� Statespacedesign. Geometric
approach.

� Force/motiondecouplingas
astructuralproperty.
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Session: ThP2-5 Thursday, April 27
���

16:20-18:00, Ballroom 5

Novel Sensing Devices
Chairs: Makoto Kaneko, Richard Voyles

A Whisker Tracing Sensor with 5 � m Sensitivity
Makoto Kaneko and Toshio Tsuji

Hiroshima University

Eyes and ears: combining sensory motor systems modelled on
insect physiology

Barbara Webb � and Reid Harrison �
� University of Stirling and � California Institute of Technology

� Motivation: Detectionof a
smallburr afterdrilling process.

� Approach: Whisker sensor
anchoredatbasewith torque
sensor.

� Result: Thesensorcandetect
irregularitieswith 5 micro
meter.

� Advantage: Thesensorcan
beinsertedintoasmallhole.

� ’Matchedfilter’ sensorscouldhelp
simplify sensorfusion

� OptomotoraVLSIchipandcricket-inspired
soundlocalisation

� Improved approachpath; robot
canlock-onto sound

� Needtoexplorein morechallenging
motorcontroltask

Active Video System for a Miniature Reconnaissance Robot
K. Yesin � , B. Nelson � , N. Papanikolopoulos � , R. Voyles � and D.

Krantz 	
� University of Minnesota and 	 MTS Systems Corporation

Fusion of Omni-directional Sonar and Omni-directional Vision
for Environment Recognition of Mobile Robots

T. Yata, A. Ohya and S. Yuta
University of Tsukuba


 A pan-tilt video modulewas
built for aminiaturemobilereconnaissance
robot.


 Severerestrictionsonsize, weight
andpowerconsumption.


 Availabletechnologiesfor image
sensingandactuationareinvestigated
for compatibilitywith miniature
systems.


 Themoduleusesasingle-chip
CMOSvideosensorand3mm
diametergearmotors.

� New sonarcanprovideaccuratereflecting
points.

� Visioncanprovideedgesof wall segment.

� Getenvironmentalfeatureby fusingbased
ondirection.

� Omni-directionalmeasurementbyasingle
measurement.

Approximating a Single Viewpoint in Panoramic Imaging
Devices

Steven Derrien � and Kurt G. Konolige 
� IRISA and  SRI International

Suppression of Mechanical Coupling for Parallel Beam
Gyroscope

H. Sato � , T. Fukuda � , F. Arai � , K. Itoigawa � and Y. Tsukahara �
� Nagoya University and � Tokai Rika Co.,LTD

� Simplepanoramicdevicesthat
approximateasingleviewpoint

� Standardcamerasandspherical
mirrorscanbeused

� Real-timedewarpingproduces
perspective images

� Weproposenew gyroscope
usingparallelbeamstructure.

� Thisgyroscopecanconverts
theCoriolisforceintoconcentrated
electriccharge.

� Resonancefrequency canbe
easilyadjustedbychanging
themassof thetip

� Mechanicalcouplingcanbe
suppressedbyappliedvoltage
to sensorunit.
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Session: ThP2-6 Thursday, April 27
���

16:20-18:00, Ballroom 6

Dynamics and Optimization
Chair s: Abhinandan Jain, Beom-Hee Lee

Unified Motion Specification and Contr ol of Kinematicall y
Redundant Manipulator s

J. Park, W. K. Chung and Y. Youm
Pohang University of Science & Technology (POSTECH)

Balancing of an Inver ted Pendulum with a Redundant
Direct-Drive Robot

Chi Youn Chung, Jin Won Lee, Sang Moo Lee and Beom Hee Lee
Seoul National University

� Analysisandcontrolof kinematically
redundantmanipulatorsin an
effective andunifiedway

� Kinematicallydecoupledjoint
spacedecompositiontechnique
tomodelthedynamicsof self-motions
andincorporatevariousinverse
kinematicmethods

� Experimentalverificationusing
aplanar3DOFdirectdrivearm

� Successfulspecificationandcontrol
of motionfor redundantmanipulators

� Stabilizingthebase-excitedinverted
pendulumarounditsuprightposition
with a robot

� Hall-effectsensorsystem, Redundancy
utilization, Accelerationobserver/controller

� Goodperformanceatthebestconfiguration
with astablelimit cycle

� Balancingof the2-DOFpendulum
with the 3-DOF direct-drive robot
is unique.

On the Computation of Optimal High-Dives
J. V. Albro � , G. A. Sohl � , J. E. Bobrow � and F. C. Park �

� University of California, Irvine and � Seoul National University

Modeling of Mechanical Systems with Lumped Elasticity
W. Khalil and M. Gautier

IRCyN - Ecole Centrale de Nantes

� Wanttogeneraterealistichuman
motion, e.g. platformdives

� Solverelatedoptimalcontrol
problemwith analyticgradients

� Onlyhadtospecify8parameters
to getsuccessfuldives

� Cangetsomehuman-likemotions
relatively easilythisway

� - Modelingmechanicalsystemswith lumpedelasticity. For
highspeedmachinetoolsandrobotswith elasticjoints.

� - Roboticsclassicalnotationshavebeenused, thegeometric
andkinematicmodelsaredirectlyobtained.

� - Theinversedynamicmodelhastoberedefinedanddeveloped.

� - Applicationsconcernthe simulationandcontrol of such
systems.

Robot Acceleration Capability: The Actuation Efficienc y
Measure

Alan Bowling and Oussama Khatib
Stanford University

Trajector y Planning of Robots with Dynamics and Inequalities
N. Faiz and S. Agrawal
University of Delaware

	 Problem: Measureactuator
oversizingfor desiredperformance.

	 Purpose: Aid in roboticmanipulator
design.

	 Method: Analysisof dynamic
modelandactuatortorque
bounds.

	 Feature: Unified study of
linearandangularmotions.
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Bipedal and Climbing Robots
Chair s: Toshio Fukuda, Gill A. Pratt

Behavior Coor dination and its Modification on Brac hiation-type
Mobile Robot

Y. Hasegawa, Y. Ito and T. Fukuda
Nagoya University

A General Contr ol Architecture for Dynamic Bipedal Walking
Chee-Meng Chew and Gill Pratt

Massachusetts Institute of Technology

� Noveladaptationmethodfor abehavior-based
locomotionrobot

� Adjuststheactivationlevel of each
behavior controller

� Apply to taskchangingof BrachiatorIII

� Acheivecontinuouslocomotionbehavior

� MotivationandObjective

� ProposedApproach

� SimulationResults

� Conclusions

The Anthr opomorphic Biped Robot BIP2000
B. Espiau � and P. Sardain �

� INRIA and LMS and � Laboratoire de Mecaninque des Solides

Action Module Planning and its Application to an Experimental
Climbing Robot

D. M. Bevly � , S. Farritor � and S. Dubowsky 	
� Stanford University, � University of Nebraska and 	 Massachusetts

Institute of Technology


 Designof a biped robot with 15
dofs(lower partonly)


 Originalities: mechanicalstructure,
controlalgorithmsandarchitecture


 Results: 2 robotsbuilt; they move.


 Testbedfor furtherstudiesin locomotion
andposture

� A planningmethodologyisstudied
for a laboratoryclimbing robot

� Plansareassembledfrombasicactions
andconsiderphysicalconstraints

� An experimentallyimplementedclimbing
gateis produced

� The methodproducesphysically
realizableplans

Anal ysis and synthesis of human motion from external
measurements

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

� Themotivationis todevelopanaccuratemethodfor estimating
humanjoint momentsfrom motioncapturedata.

� Thetechniqueisbasedlinearquadraticoptimalcontroltheory.

� Theexperimentalresultsfor a five segmentsagittalhuman
modelperforminga lifting taskarepresented.

� Thealgorithmis robust in trackingthemeasureddata.
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Contr ol and Applications 2
Chair s: William Hamel, Krzysztof R. Kozlo wski

Robust and Efficient Motion Planning for a Planar Robot using
Hybrid Contr ol

A. E. Quaid and A. A. Rizzi
Carnegie Mellon University

Impedance Contr ol for Industrial Robots
G. Ferretti, G. Magnani, P. Rocco, F. Cecconello and G. Rossetti

Politecnico di Milano

� Motivation for controller-based
motion planning

� System description for planar
robot

� Controller derivation

� Simulation results

� Impedance control for an elastic
joint

� The role of Coulomb friction

� An impedance controller for
a multi d.o.f. manipulator

� Experimental results and conclusions

A New Class of Contr ol Laws for Spacecraft Attitude Tracking
using Switc hing and Trajector y Rescaling

P. Arambel � and V. Manikonda �
� Scientific Systems Co., Inc and � Intelligent Automation Inc.

On Satellite Vision-aided Robotic Experiment
Maarten Vergauwen, Marc Pollefeys, Tinne Tuytelaars and Luc Van

Gool
Katholieke Universiteit Leuven

� Objective is to achieve robust attitude
tracking in the presence of input
constraints

� A quaternion feedback controller
+ switching strategy is presented
to achieve globally exponentially
stable tracking

� The controller overcomes problems
associated with turn-around near
the unstable equilibrium

� Reference trajectory rescaling is
used for tracking with input constraints

� Discussion of experiments
on ETS-VII

� On-line and off-line calibration
procedures

� Vision-aided robot guidance
experiments

� Advanced uncalibrated computer-vision
algorithms

A Value Measure for Data to Contr ol Sensing and Motion
Processes

P. A. L. Silverthorne 	 and H. Stephanou 

	 HelpMate Robotics, Inc. and 
 Rensselaer Polytechnic Institute

Robust and Time-Optimal Contr ol Strategy for Coarse/Fine
Dual-Sta ge Manipulator s

S. J. Kwon, W. K. Chung and Y. Youm
Pohang University of Science & Technology (POSTECH)

� Software Architecture for Mobile,
Armed, Sensate Robot

� Data’s

� Simple (autonomous) Mobile
Robot example illustrated

� Extension to advanced platform,
more senses/actuators

� Fast and Precise Tracking
adopting Coarse/Fine actuation.

� A Smooth Sliding Control
Strategy.

� Null Motion Control based
on Dynamic Consistency.

� Experimental Simulation Results.
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Human Robot Cooperation
Chairs: Gordon Cheng, Katsushi Ikeuchi

A Robotic Co-operation System based on a Self-organization
approached Human Work Model - Assembling Work Support by

Vision information and Physical Interaction-
Yasuhisa Hayakawa, Tetsuya Ogata and Shigeki Sugano

Waseda University

Human-Robot Cooperative Manipulation Using a Virtual
Nonholonomic Constraint

Hirohiko Arai � , Tomohito Takubo � , Yasuo Hayashibara � and Kazuo
Tanie �

� Mechanical Engineering Laboratory, � University of Tsukuba and
� Toin University of Yokohama

� Robot’sSupportbyUnderstanding
HumanBehavior

� Constructionof WorkProcess
ModelbyObservingHuman
Behavior

� RoboticSupportSystembased
ontheWorkProcessModel

� Highly FriendlyCooperation
withoutSacrificingPerformance

� Roboticassistancefor planarhandling
of a longobject

� Virtualnonholonomicconstraint
equivalentto awheel-barrow

� No sideslipandcontrollability
to any position/orientaiton

� Simpleandintuitivemaneuver
for thehumanoperator

Friendly Interface for Objects Selection in a Robotized Kitchen
A. Casals � , X. Cufi 	 , J. Freixenet 	 , J. Marti 	 and X. Munoz 	

� Polytechnical University of Catalonia and 	 Universitat de Girona

Symbolic Generation of Trajectories for Skill Generation
H. Tominaga 
 , J. Takamatsu 
 , H. Kimura � and K. Ikeuchi 



 The University of Tokyo and � University of Electro-Communications

� CAPDI: A modularadaptedkitchen
for thedisabledandelder

� A visionbasedfriendly interface
isnecessarytocontrolarobotic
armandotheradaptedelements

� Computervisionsupportstwo
differentcompatibleandcomplementary
methodsfor objectselection

� Theinterfaceis amenudriven
screen, having asinput device
a4 keys keyboard

 Manipulationskill

 Analyzingcontactrelation

 Decompositionof dimensions

 Designingsub-skills

Infant Behavior Recognition System Based on Pressure
Distribution Image

T. Harada, A. Saito, T. Sato and T. Mori
The University of Tokyo

The RoboCup-Rescue Project: A Robotic Approach to the
Disaster Mitigation Problem

S. Tadokoro � , H. Kitano � , T. Takahashi � , I. Noda� , H. Matsubara � , A.
Shinjoh � , T. Koto � , I. Takeuchi � , H. Takahashi � , F. Matsuno � , M.

Hatayama � , J. Nobe � and S. Shimada ���
� Kobe University, � ERATO Kitano Symbiotic Project, � Chubu

University, � Electrotechnical Laboratory, � International Academy of
Media Arts and Sciences, � University of Electro Communication,

� Port and Harbor Research Institute, � Tokyo Institute of Technology,
� Mitsubishi Research Institute and ��� Chukyo University

� Thereis increasingconcernabout
aninfantcaresystemrecently.

� Wedevelopedanovel infantbehavior
recognitionsystembasedonapressure
distribution image.

� Infants’ status, postureandbody
partspositionscanberecognized.

� Oursystemcanbeusefulfor care
systemssuchasanautomaticgrowth
recodingsystemoraSIDSprevention
system.

� Robotics& AI contribution to
emergency disasterresponseproblem

� 4 projects: simulation, robotics
& infrastructure, integration, and
operation

� Strategic agentplanning, andintegration
of virtual world andreality

� Grandchallengefor international
cooperative research
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