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Session: MoP1-1 Monday, April 24
���

14:40-16:20, Parlor 1

Path Planning
Chair s: Greg Chirikjian, Zvi Shiller

Randomiz ed Planning for Shor t Inspection Paths
T. Danner and L. Kavraki

Rice University

A new potential field method for robot path planning
Yunfeng Wang and Gregory S. Chirikjian

The Johns Hopkins University

� Pathplanningfor mobileobserver
robots

� Inspectionpathsfor known
environments

� Visibility constraintsonrange
andincidence

� Implementationresultsin two
andthreedimensions

� Pathplanningof non-sphericalsinglebody
robots.

� Modeltheartificialpotentialfieldusingheat
transferwith variablethermalconductivity.

� Proposeapathoptimalitymethodusingthe
conceptof heatresistance.

� Reducea searchon RnXSO(n) to oneon
Rnfollowedby asearchonSO(n).

Vir tual Obstac le Concept for Local-Minim um Recovery in
Potential-Field Based Navigation

Liu Chengqing � , Marcelo Ang Jr. � , Hariharan Krishnan � and Lim Ser
Yong �

� National University of Singapore and � Gintic Institute of
Manufacturing Technology

Obstac le Traversal for Space Exploration
Zvi Shiller

University of California, Los Angeles

� Localminimaproblemin reactive
motion planningusing potential
field

� Virtual obstaclescreatedduring
encounterswith concave-shaped
obstacles

� Heuristicsfor gettingoutof traps

� SimulationresultsonNomad200

� Traditionalobstacleavoidance
failstoclimb overobstacleswhen
necessary.

� A deterministictraversabilitymeasure
is introducedthatconsiderssafe
speedsalongtheterrain.

� Theoptimalpathis foundby a
globaloptimizationthatconsiders
robotdynamicsandterraintopography.

� The optimal traversal path is
generallysaferthantheshortest
path.

RRT-Connect: An Efficient Appr oach to Single-Quer y Path
Planning

J. J. Kuffner Jr. 	 and S. M. LaValle 

	 Stanford University and 
 Iowa State University

ERPP: An Experience-based Randomiz ed Path Planner
S. Caselli and M. Reggiani

Universit di Parma

� Practicalsearchof high-dimensional
C-spaces

� Randomizedapproachcombining
bidirectionalRRTs& greedy
heuristic

� Experimentsincludeinteractive
task-level characteranimation

� Fast,generaltechnique

� multiple planningtasksin
thesameenvironmentoften
needed

� heuristicplanner& random
competition, exploit experience

� remarkablereductionin planning
timeandvariancevs. RPP

� benefitsof combiningpotential
field androadmap
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Session: MoP1-2 Monday, April 24
���

14:40-16:20, Parlor 2

Mapping and Localization 1
Chair s: Illah Nourbakhsh, T. Tsubouc hi

A Computationall y Efficient Solution to the Simultaneous
Localisation and Map Building (SLAM) Problem

Gamini Dissanayake
University of Sydney

An Indoor Absolute Positioning System with No Line of Sight
Restrictions and Building-Wide coverage

E. Prigge and J. How
Stanford University

� Robotlocationwithoutapriori
maps

� Efficiency throughfeatures
with mostinformation

� Experimentsonindoorrobot
with a laser

� Progresstowardsreal-time
SLAM

� Provides’go-anywhere’ freedom
for mobilerobots

� Beaconsinstalledthroughout
buildingcreatemagneticfields

� CDMA techniquesapplied

� Initial experimentalaccuracy
of 2.5cm,2.5degrees

Appearance-Based Place Recognition for Topological
Localization

Iwan Ulrich and Illah Nourbakhsh
Carnegie Mellon University

Robust Place Recognition using Local Appearance based
Methods

G. Dudek and D. Jugessur
McGill University

� TopologicalLocalizationIndoors
andOutdoors

� HistogramMatchingof Panoramic
Color Images

� CorrectConfidentClassifications:
87-98

� IncorrectConfidentClassifications:
0

� Makingappearancebasedrecognition
(usingPCA) morerobust.

� Recognitionisperformedin
thefrequency domainusing
multiplesub-windows(eigenwindows).

� Scencesandroomscanbe
recognisedwith varyingbackgrounds,
irrespectiveof planarrotations
andunderoccludedconditions.

� Promisingresultsareobtained
usingtheproposedmethods.
PCA is mademorerobust.

Using Multiple Gaussian Hypotheses to Represent Probability
Distrib utions for Mobile Robot Localization

D. Austin and P. Jensfelt
Royal Institute of Technology

Invariant Filtering for Simultaneous Localization and Mapping
Matthew C. Deans and Martial Hebert

Carnegie Mellon University

� Multiple gaussianhypotheses
areused

� Treeof dataassociationdecisions

� Algorithmsfor treepruning
presented

� Resultsaregivenillustrating
effectiveness

� Localizationand mapping
from landmarkbearingsand
odometry

� Duallocation- andrelation-based
representations

� Computation& memorylimited
by enforcedindependence

� Resultsshown for simulated
andrealenvironments
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Session: MoP1-3 Monday, April 24
���

14:40-16:20, Parlor 3

Grasping and Manipulation
Chair s: Nikos Papanik olopoulos, K. Yokoi

Intellig ent Soft Contact Surface Technology with MEMS in
Robotic and Human Augmented Systems

Geng Wang and Imin Kao
SUNY Stony Brook

Unkno wn Object Grasping Using Statistical Pressure Models
Doug Perrin � , Christopher E. Smith � , Osama Masoud � and Nikolaos

Papanikolopoulos �
� University of Minnesota and � University of Colorado

� IntroduceSmartAnthropomorphic
ContactSurfaceTechnology
(SACST)

� SACSTwith MEMSin Robotics
andHumanAugmentedSystems

� Applicationof RoboticsResearch
Resultsof SoftContactand
Pressureto SACST

� OngoingResearchResults
andConclusions

� Graspingof objects

� Region growing snakes to
findobjectcontoursandsimple
heuristicstocomputegrasp
pose.

� Graspsof avarietyof planar
projectionobjectsareshown.

� Regiongrowing dynamiccontours
have maturedto the point
where they are useful for
real-timevisionandcontrol.

A Sufficient Condition for Manipulation of Envelope Famil y
Makoto Kaneko, Kensuke Harada and Toshio Tsuji

Hiroshima University

A New Appr oach to Motion Planning for Disc-Shaped Robots
Manipulating a Polygonal Object in the Plane

A. Sudsang and J. Ponce
University of Illinois

� Motivation: Manipulation of
anobject( orbody) in envelope
style.

� Approach: Combinationof position
andtorquecontrolledchains.

� Problem: Givenadesiredmotion,
obtainasetof joint torque.

� Result: A sufficientcondition
for movinganobjectalongchains.

Event-Driven Parts Moving in 2D Endog eneous Envir onments
C. S. Karagoz � , H. I. Bozma � and D. E. Koditschek 	
� Bogazici University and 	 University of Michigan

Dynamic Simulation for Grasping and Whole Arm Manipulation
P. Song, M. Yashima and V. Kumar

University of Pennsylvania


 ProblemStatement


 ProposedApproach


 ExperimentalResults


 Conclusion

� Difficultiesin dynamicsimulations
of frictional grasps.

� Discussionof differentcontact
models.

� Proposedanintegratedsimulation
approachthatcombinesLCP
modelandcompliantcontact
model.

� Simulationresultsof whole
armgrasps.
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Symposia: MoP1-4 (S) Monday, April 24
���

14:40-16:20, Ballroom 4

Kinematics
Organiz ers & Chair s: Jean-Pierre Merlet, Joel Bur dic k

Kinematics’ not dead!
J-P Merlet

INRIA, Sophia- Antipolis

Self-Motions of Friffis-Duffy Type Parallel Manipulator s
Manfred Husty � and Adolf Karger �

� Montan University Leoben and � Charles University

� Positionpaperon the use
of kinematics

� -still many openproblem

� -for improving theperformances
of robots

� for theoptimaldesignof robots

� Self-motionof aparallelmanipulator, asshown
in thefigureto theright, is definedasfinite
mobility whenall actuatorsarelocked. Manipulators
having this featureareof limited practical
use.

� Usingkinematicmappingweshow thatthis
specialtypeof Stewart-Goughplatformhas
aselfmotionin everypointof its workspace.

� Thedgreeof selfmotioniscruciallydependent
onthelegparametersandthereforeonposition
andorientationof the platform. It can be
from degree4 to degree40.

� It is believedthatanenumerationof critical
casesisessentialfor futuredesignof parallel
platforms.

Non-Intrinsicity of References in Rigid Bod y Motions
Stefano Stramigioli and Herman Bruyninckx

Delft University of Technology

Kinematic Transf ormations for remotel y-actuated planar
contin uum robots

Ian A. Gravagne and Ian D. Walker
Clemson University

� Coordinate-freetreatement
of rigid bodymotions

� “Not intrinsicity” of references

� Generalcommutationdiagram
explainingresult

� Relationwith Lie Groups

� ExamineMultiple-Section
ContinuousBackboneRobots

� DiscussRedundancy Resolution
Techniques

� Apply Wavelet Theory to
Aid in the ShapeControl
Problem

� SimulationResultsandImages
of PrototypeRobots

Kinematic design of a humanoid robotic shoulder comple x
J. Lenarcic 	 , M. M. Stanisic 
 and V. Parenti-Castelli �

	 The ”Jozef Stefan” Institute, 
 University of Notre Dame and
� University of Bologna

� A parallelmechanismisusedwhich
replicatesthefunctionof thehuman
shoulder

� An experimentalmechanismwas
developedpossessingfour driven
legs

� It providestheshoulderflexion, abduction,
longitudinalrotationandelongation
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Symposia: MoP1-5 (S) Monday, April 24
���

14:40-16:20, Ballroom 5

Mechanisms
Organiz ers & Chair s: Shig eo Hirose, Victor Scheinman

Robots I have Kno wn
Victor Scheinman

Coupled and Decoupled Actuation of Robotic Mechanisms
Shigeo Hirose and Keisuke Arikawa

Tokyo Institute of Technology

� FromAlien RobotstoRobot
Worlds

� Bernie, John, Joe, Marvin

� Servos, Sensors, Software,
Systems

� ARPA - Applications- Automation
- Automatix

� Introductionof Coupledand
DecoupledActuation, orCDA.

� Maximizationof roboticperformance
by CDA.

� Examplesof optimalmechanical
designby CDA.

� Examplesof optimalmotion
controlby CDA.

Scaling of Robotic Mechanisms
K. J. Waldron and C. Hubert

Ohio State University

A Mechatr onics Appr oach to the design of light-weight arms
and multifing ered hands

G. Hirzinger, J. Butterfass, M. Fischer, M. Grebenstein, M. Haehnle,
H. Liu, I. Schaefer and N. Sporer
German Aerospace Center (DLR)

� Designingfromsimilarsystems

� Biomimeticimplications

� Geometric& kinematicscaling

� Scalingactuatorperformance

� Introduction

� DLR’s light weight robotconcepts
includingprogrammableimpedance:
the secondgenerationis available
now

� Developmentof four-fingeredhands
(DLR handsI and II ), integrating
twelveactuators

� Resume

Mechanism Synthesis Theor y and the Design of Robots
J. Michael McCarthy

University of California, Irvine

TerminatorBot: A Robot with Dual-Use Arms for Manipulation
and Locomotion

Richard Voyles
University of Minnesota

� Small,resource-constrained
robotsrequireinnovation

� Dual-uselimbsprovidemanipulation
andlocomotion

� Novelgaitswerecreatedfor
thenovel mechanism

� Locomotiondemonstrated,
adaptivemanipulationunder
investigation
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Symposia: MoP1-6 (S) Monday, April 24
���

14:40-16:20, Ballroom 6

Architectures
Organiz ers & Chair s: Eve Coste-Maniere , Reid Simmons

Architecture , the Backbone of Robotic Systems
E. Coste-Maniere � and R. Simmons �

� INRIA Sophia Antipolis and � Carnegie Mellon University

Social Potentials for Scalab le Multi-Robot Formations
Tucker Balch and Maria Hybinette

Carnegie Mellon University
� ARCHITECTURE: Tomanage

thecomplexity of roboticsystems

� SPECIFICATION: Modularity
& reuse, programmingenvironments
– VALIDATION: Test &
verification

� EXECUTION: Real-time,
autonomy/decision, reliability,
interactions

� TRENDSFORTHEFUTURE:
Systemintegration& standards

� New classof potentialfunctions
for groupnavigation

� Enableshomogeneouslarge-scale
formations

� Integratedwith othernavigational
behaviors

� Demonstratedin simulation

PredN : Achieving efficienc y and code re-usability in a
programming system for comple x robotic applications

O. Stasse and Y. Kuniyoshi
Electrotechnical Laboratory, ETL

Around the lab in 40 days...
Rachid Alami, Raja Chatila, Sara Fleury, Matthieu Herrb, Felix

Ingrand, Maher Khatib, Benoit Morissett, Philippe Moutarlier and
Thierry Simeon

LAAS/CNRS
� Real-time, distributedarchitectures,

portabilityandcodere-usability

� Applicationmodelwhichavoids
overspecification, generalplatform
modelization

� Real-timevisual attention
system. 70uslatency between
objects

� Trade-off betweensoftware
generalityandpuremodelization

� LAAS: LAAS’Architecturefor Autonomous
System

� A functionnalandadecisionallevel

� Example: implementationof a robust
navigationsystem

� Contribution: conceptsand software
tools

Using Model Checking to Guarantee Safety in
Automaticall y-Synthesiz ed Real Time Contr oller s

David J. Musliner, Robert P. Goldman and Michael J. Pelican
Honeywell Technology Center

	 Motivation: Mission-criticalautonomous
systems(UAVs, spacecraft)

	 Approach: Automaticallybuild guaranteed
real-timecontrollers, on-line

	 Details: Plansareverifiedusingmodel
checkingtechniques

	 Result: Novel applicationof formal
methodsyields reliable, self-adaptive
controllers
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Session: MoP1-7 Monday, April 24
���

14:40-16:20, Parlor 7

Micro Robots
Chairs: Fumihito Arai, Il Hong Suh

Biomechanics and Simulation of Cricket for Microrobot Design
S. Laksanacharoen, A. J. Pollack, G. M. Nelson, R. D. Quinn and R.

E. Ritzman
Case Western Reserve University

A Micro Operation Hand and its Application to Microdrawing
Tatsuya Nakamura, Yoshiyuki Kogure and Koichiro Shimamura

Tokyo Metropolitan University

� Biologicallybasedmicrorobot
design

� High-speedvideo analysis
of cricket leg structureand
movement

� Derivationof threedimensional
patternsof leg movements

� Simplificationof animallegs
for robotmaintainingjumping
andwalkinglocomotioncapability

� Developmentof Force-Controllable
Micro-OperationHands

� Useof MagneticSuspension
Technology

� Applied to Micro Drawing
UsingOneFingerSubsystem

� Characteristicsof theSystem
wereAnalyzed

Fully Programmable MEMS Ciliary Actuator Arrays for
Micromanipulation Tasks

J. W. Suh � , R. B. Darling � , K. F. Bohringer � , B. R. Donald � , H.
Baltes � and G. T. Kovacs �

� Stanford University, � University of Washington, � Dartmouth College
and � ETH Zurich

Design of a Cricket Microrobot
M. C. Birch, R. D. Quinn, C. Hahm, S. M. Phillips, B. Drennan, A.

Fife, H. Verma and R. D. Beer
Case Western Reserve University

	 Manipulationwith individually
addressableMEMSactuator
arrays

	 IntegratedCMOSandpolyimide
thermalbimorphactuators

	 Distributedmanipulationwith
programmableforcefields

	 Complex manipulationtasks:
positioning, orienting, ...


 Designatwo-inchrobotthat
canwalk andjump.


 Usecricket for inspiration
in therobot’s design.


 Controlof prototyperearleg
wassuccessful.


 Technologiesneededfor robot
have beentested.

The Effect of Material Properties and Gripping Force on
Micrograsping

Yu Zhou and Bradley J. Nelson
University of Minnesota

Planning a Microassembly Task in a Flexible Microrobot Cell
Sergej Fatikow, Airat Faizullin and Jorg Seyfried

University of Karlsruhe

� Microrobot-basedassembly
of hybridmicrosystems

� Bottom-upassemblyplanning
usingspecificcriteria

� Assemblyplanningof the
worldwidesmallestmicromotor

� Automationof microassembly
by flexible microrobots

9



Session: MoP1-8 Monday, April 24
���

14:40-16:20, Parlor 8

Manufacturing System Design
Chairs: Tamio Arai, N. Viswanadham

Using Assembly Scoring as an Entry into Production Line
Design

R. Guptill and M. C. Cheng
Adept Technology, Inc.

A Framework for the Development of Agile Manufacturing
Enterprises

R. Kolluru, S. Smith, R. Loganantharaj, T. Chambers, G.
Seetharaman and T. D’Souza

University of Louisiana at Lafayette

� Shorterproductioncyclesdemand
betterplanningtools.

� ProductDesignerscaninfluence
productionline design.

� Sony DACassemblyscoring
systemis well established.

� Integrationwith Linesimulator
speedsupfinal line design.

� ControlandCommunications
framework for manufacturing
enterpriseagility

� Distributedintelligence/ information
framework

� CORBA / Java/ KQML and
XML

Design Criteria for Developing an Automated Live Bird Transfer
System

Kok-Meng Lee
Georgia Institute of Technology

Flexible Transport System by Cooperation of Conveyer-Loaded
AGVs

Jun Ota, Kousuke Inoue, Ryousuke Chiba, Tomokazu Hirano and
Tamio Arai

University of Tokyo
� Therepetitive taskof transferringlive objects, which typically

characterizedby varying sizesand shapes, and have natural
reflexes, isoftenlaboriousandhazardous. Wepresentthemethod
to automatethe processof transferringsingulatedlive birds
from amoving conveyor ontoaprocessingline withoutcausing
damageor stress.

� Thesystemusesrevolving flexible fingersto manipulatetheleg
kinematicsof thebird onamoving conveyor sothatbothlegsof
thebird areinsertedinto theshackle. Weusemotionsimulation
to trade-off betweenthebirdstabilityandtheinsertionrequirement
for a rangeof sizevariation.

� Twelve differentexperimentaltrials wereconductedwith 120
novice broilersfrom a poultry processingplant to examinethe
effects of key designparametersand to evaluatethe system
performance. Theexperimentshowsthatthebird’svisualreflex
andinitial posturehavesignificanteffectsonthesystemperformance.

� The designprinciples for developing an automatedlive-bird
transfersystemhavebeendeveloped. Alongwith theidentification
of key parametersthatsignificantlyaffectthesystemperformance,
the systemwas experimentallyevaluatedusing live broilers.
The systemhas the ability to accommodatea limited range
of varying sizes, shapes, and somenaturalbird’s reactionto
grasping.

� A new modulefor flexible
materialhandling

� A moduleintegratingaconveyer
andanAGV

� Hand-overoperationbetween
thetwomodulestoavoid deadlock

� Transportsimulationof model
factoryenvironments

Design of Synchronized Supply Chains: A Six Sigma
Tolerancing Approach

Y. Narahari � , N. Viswanadham � and R. Bhattacharya �
� Indian Institute of Science and � National University of Singapore

Automated CAD-Guided Automobile Part Dimensional
Inspection

W. Sheng 	 , N. Xi 	 , M. Song 
 , Y. Chen 
 and J. S. Rankin III 

	 Michigan State University and 
 Ford Motor Company

� Camerapositioningfor part
dimensionalinspection

� Novelapproachcombining
generate-testandsynthesis
methods

� Experimentalevaluationusing
automobileparts

� Straightforwardandeasyto
implementwith low computational
cost

10



Session: MoP1-9 Monday, April 24
���

14:40-16:20, Parlor 9

Space Robots and Rovers
Chair s: Richard Volpe , Kazuo Tanie

State Identification for Planetar y Rovers: Learning and
Recognition

Oliver Aycard � and Richard Washington �
� Leibniz-Imag and � NASA Ames Research Center

Autonomous Satellite Capture by a space Robot
Noriyasu Inaba and Mitsushige Oda

National Space Development Agency of Japan

� Highly requiredsatellitecapturing
techniquein space

� SpaceexperimentsonJapanese
satellite

� Successfulresultsof automatic
captureusingvisualservo

� Thedemonstratedtechnique
appliedfor futuremissions

On-Boar d Real-Time State and Fault Identification for Rovers
Richard Washington

NASA Ames Research Center

On-boar d Task Scheduling Algorithm for Spacecraft
I. J. Jeong � , G. Papavassilopoulos � and D. S. Bayard �

� University of Southern California and � California Institute of
Technology

� Rovers must infer statefrom
noisy, continuousdatawith limited
computation

� Combinationof KalmanFilters
andPOMDPbelief states

� PrototypetestedonMarsokhod
planetaryroverwith brokenwheel
gear

� Computationallyefficienthybrid
stateidentificationmethod

Dynamic Tool Vector s for Robo-Centric Contr ol
C. R. Carignan, D. L. Akin and J. Corde Lane

University of Maryland

Recent Progress in Local and Global Traversability for
Planetar y Rovers

S. Singh, K. Schwehr, R. Simmons, T. Smith, A. Stentz, V. Verma
and A. Yahja

Carnegie Mellon University
	 Free-flyingrobotsneedkinematic

strategy which is independent
of vehiclestate

	 Dynamictool vectorsallow tool
andbasetoswitchroleswithout
redefiningcoordinates

	 Simulationandexperimentshow
strategy iseffectivefor video/grapple
armoperations

	 Variabletoolvectorsallow arms
to functionin multiplerolesin
robot-centeredcoordinates

11



Session: MoP2-1 Monday, April 24
���

16:40-18:20, Parlor 1

Autonomous Robots
Chairs: Hajime Asama, Maria Gini

World Modeling and Behavior Generation for Autonomous
Ground Vehicles

S. Balakirsky � and A. Lacaze �
� National Institute of Standards and Technology and � University of

Maryland, College Park

Design, Experiments and Motion Planning of a Spherical
Rolling Robot

S. Bhattacharya and S. Agrawal
University of Delaware

� Designof a coursevehicle
motionplannerfor UGV’s
over roughterrain

� A descriptionof our world
modelis presented

� A descriptionof ourbehavior
generatoris presented

� Realvehicleimplementation
resultsarepresented

A Motion Generation Approach for an Onmidirectional Vehicle
I. Paromtchik and H. Asama

The Institute of Physical and Chemical Research (RIKEN)

A localization method based on two omnidirectional perception
systems cooperation

A. Clerentin, L. Delahoche, C. Pegard and E. Brassart
Institut Universitaire de Technologie - Amiems

� MotivationandObjective

� TheMobileRobotandItsControl
Architecture

� ProposedMotionGenerationApproach

� ExperimentalResults

� An absolutelocalizationparadigmis reported.

� It is basedon thecooperationof two sensors:

� - an omnidirectionalvision systemcomposedof
aconicalmirror andaCCD camera

� - a low costpanoramicrangefindersystem.

Sensor Resetting Localization for Poorly Modelled Mobile
Robots

Scott Lenser and Manuela Veloso
Carnegie Mellon University

Nonholonomic Motion Planning for Mobile Manipulators
Herbert Tanner and Kostas J. Kyriakopoulos

National Technical University of Athens

� Localizationof poorlymodelled,
limitedCPUrobotsishard.

� Approach: adderrordetection
andrecoveryto localization

� Results: quick, robustlocalization
despiteerrorsin model

� Errorrecoveryincreasesrobustness
anddecreasesCPUcost.

	 Nonholonomicmotionplanning
for mobilemanipulators

	 Discontinuousfeedbacklaw
with potentialfields

	 Numericalsimulations

	 Real time implementation
issues

12



Session: MoP2-2 Monday, April 24
���

16:40-18:20, Parlor 2

Space and Underwater Robots
Chair s: E. Freund, Nilanjan Sarkar

Application of Automatic Action Planning for Several Work
Cells to the German ETS-VII Space Robotics Experiments

E. Freund, K. Hoffmann and J. Rossmann
Universitat Dortmund

Exact Tracking Contr ol for an Autonomous Helicopter in
Hover-like Manouver s

R. Mahony and R. Lozano
Univeriste de Technologie de Compiegne(UTC)

� IntuitiveControlandSupervision
of therobotarmERA

� VirtualReality, ActionPlanning
andMulti-Robot-Control

� Simultaneouscontrolof multiple
virtual andrealrobots

� Improvementof theoperability

� An IdealizedDynamicModelof aHelicopter

� An EquivalentModel in Block PureFeedbackForm

� FeedbackControlto obtainExactTracking

� Conclusions

Fault Tolerant Contr ol of an Autonomous Underwater Vehic le
Under Thruster Redundanc y: Simulations and Experiments

T. Podder, G. Antonelli and N. Sarkar
University of Hawaii at Manoa

Active Multi-Model Contr ol for Dynamic Maneuver Optimization
of Unmanned Air Vehic les

D. Godbole, T. Samad and V. Gopal
Honeywell Technology Center

� Fault tolerantcontrolof an
AUV

� Weightedpseudoinversetechnique

� Simulationandexperimental
results

� Successfultracking of the
trajectorywith two thruster
faults

� Problem: Developdynamic
maneuveroptimizationalgorithms
for UAVs

� Solution: Wavelet-basedmulti-resolution
maneuver optimization

� Useof evolutionarycomputing
& interiorpointbasedoptimization
techniques

� Allowsincrementaloptimization.
Neartermtrajectorycanbe
designedwith detailedmodels.

A Unified Force Contr ol Appr oach to Autonomous Underwater
Manipulation

Y. Cui and N. Sarkar
University of Hawaii at Manoa

Mission Path Follo wing for An Autonomous Unmanned Air ship
J. Azinheira, E. de Paiva, J. Ramos and S. Bueno

Informatics Technology Center, Brazil

� A unifiedforcecontrolschemefor
anautonomousunderwaterrobotic
systemis proposed

� Fuzzy switching is employed to
combinethetwo forcecontroloutputs

� SimulationresultsindicatethatUVMS
can contactwith the underwater
environmentin astablemannerand
follow thedesiredforcetrajectory
by thesamecontroller

� A unifiedforcecontrolschemedeveloped
canbeusedfor underwatermanipulation

� In thisarticle, theauthorsproposetwo
novel strategiesfor guidancecontrol
of anunmannedairship.

� ThefirstoneisbasedonanH-infinity
controltechniqueandthesecondone
is basedonPI control.

� Simulatedcasestudiesshow thatboth
approachesexhibit similarpathtracking
behavior.

� The H-infinity controller presentsa
superiorperformancewith respectto
disturbancerejection.
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Session: MoP2-3 Monday, April 24
���

16:40-18:20, Parlor 3

Control 1
Chairs: Roberto Horowitz, Tzyh-Jong Tarn

On the Nonlinear Control of Hydraulic Servo-systems
M. R. Sirouspour and S. E. Salcudean

The University of British Columbia

Simulation of Conservative Congruence Transformation:
Conservative Properties in the Joint and Cartesian Spaces

Shih-Feng Chen and Imin Kao
SUNY Stony Brook

� Positiontrackingcontrolof hydraulic
actuatorsis addressed

� Nonlinearcontrollersdeveloped
usingbackstepping

� Simulationandexperimentsof
theschemespresented

� Provably stablemethodwith
betterperformancethanPD

� NonconservativeConventional
Formulationof RobotGrasping
UnderStiffnessControl

� ConservativeCongruenceTransformation
(CCT)

� SimulationResultsof aTwo-link
PlanarManipulator

� TheCCTIs theCorrectMapping
for StiffnessControlin Robotics

Backlash Compensation in Discrete Time Nonlinear Systems
Using Dynamic Inversion by Neural Networks

J. Campos, F. L. Lewis and R. Selmic
The University of Texas, Arlington

A 3-Step Set-Point Control Algorithm for Robot Arms
N. H. Quach and M. Liu

Monash University

� Backlashisacommonproblem
foundin controlactuators

� Dynamicinversionbyneural
networks

� Simulationsshow betterperformance
overstandardPD

� On-linetuning,stabilityanalysis
andsmalltrackingerrors

Channel Algorithm of Transversal Passing Through
Singularities for Non-Redundant Robot Manipulators

Ignacy Duleba
Wroclaw University of Technology

Design and Experimental Evaluation of a Stable Transition
Controller for Geometrically Constrained Robots

P. R. Pagilla and B. Yu
Oklahoma State Universtiy

� Findaneffectivemethodtopass
smoothlythroughsingularconfigurations.

� Thechannelalgorithmenables
to jumpthroughsingularityand
usesabasicNewtonalgorithm
only. ThemodifiedSVD algorithm
isusedtochecksuccessfulpassing.

� Simulationsonthe2-pendulum
andthePUMA robot.

� Thealgorithmenablestosmoothly
passthroughsingularconfigurations.

� Robottransitioncontrolfrom
freeto constrainedmotion

� A new discontinuouscontrol
algorithmis proposed

� Experimentsfor acomplete
robot task with constraint
uncertainty

� Stabletransitionwith improved
performanceis achieved
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Symposia: MoP2-4 (S) Monday, April 24
���

16:40-18:20, Ballroom 4

Range Sensing
Organizers & Chairs: Martial Hebert, Larry Matthies

Active and Passive Range Sensing for Robotics
Martial Hebert

Carnegie Mellon University

Beyond Range Sensing: XYZ-RGB Digitizing and Modeling
Marc Rioux

National Research Council Canada

� Survey of currenttrendsand
resultsin theareaof range
sensing, including:

� Timeof flight ranging

� Passivestereo

� Active triangulation

� The3D digitizingandmodelingresearch
activities at theNRC laboratories

� FromB&W toColor(Theuseof multi-wavelengths
lasersourcesfor color digitizing in
3D)

� From3DDataPointstoGeometry(The
useof modelingtechniquesto recover
geometryfrom 3D datapoints)

� FromGeometrytoReflectanceModeling
(Color modelingusing both the 3D
datapoints and the registeredcolor
data)

Imaging Laser Scanners for 3-D Modeling and Surveying
Applications

D. Langer � , M. Mettenleiter � , F. Haertl � and C. Froehlich �
� Z+F USA, Inc. and � Z+F Wangen, Germany

Passive Night Vision Sensor Comparison for Unmanned
Ground Vehicle Stereo Vision Navigation

Ken Owens and Larry Matthies
California Institute of Technology

� IntroductiontoLaserRadar
MeasurementSystem

� ProfilingLaserRadarDeflection
System

� ImagingLaserRadarDeflection
System

� ApplicationResultsin Reverse
EngineeringandInspection

Motion estimation from laser ranging for autonomous comet
landing

Andrew E. Johnson and A. Miguel San Martin
California Institute of Technology

� To estimatespacecraftmotionduringcometlanding
usingscanninglaserrangefinderdata.

� Terrainmapgenerationfollowedby terrainmapalignment
usingSSDandgradientdescent.

� Two testswereconductedwith datacollectedusing
a long rangescanningLIDAR. Thesetestsresulted
in a 4.4 Hz frame rate and a motion accuracy of
0.5mover70mof descent.

� Motion estimationfor cometlanding can be done
quicklyandaccuratelyusingascanninglaserrangefinder.
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Symposia: MoP2-5 (S) Monday, April 24
���

16:40-18:20, Ballroom 5

Part Feeding and Fixturing
Organiz ers & Chair s: Ken Goldber g, Jeff Trinkle

The Toppling Graph: Designing Pin Sequences for Part Feeding
T. Zhang � , G. Smith � , R. Berretty � , M. Overmars � and K. Goldberg �

� University of California, Berkeley and � Utrecht University

A Reconfigurab le Parts Feeder with an Arra y of Pins
S. Blind, C. McCullough, S. Akella and J. Ponce

University of Illinois
� ThispaperextendsLynch’sapproach

to feedingpartsonaconveyor belt
usingpins.

� Weintroducedthetopplinggraph,
whichidentifiescriticalpin height-
s that permit toppling, and give
an ���
	���
 algorithm to compute
it.

� Wedevelopean ����	�����
 algorith-
m for designingpin sequences.

� Wepresenta

� Wecomputepartequilibriumconfigurations,
their captureregions, anda transition
graphfor planning.

� A plannerandaprototypedevicewith
68pinshave beenimplemented.

� The

Modeling and Throughput Prediction for Flexib le Parts Feeders
M. S. Branicky, G. C. Causey and R. D. Quinn

Case Western Reserve University

An Implicit Time-Stepping Scheme for Rigid Bod y Dynamics
with Inelastic Collisions and Coulomb Friction

D. Stewart � and J. C. Trinkle �
� University of Iowa and � Sandia National Labs

� Flex Feeders: key technology;
notwell understood

� GSMPsimulation& analysis
for modeling/prediction

� Physicalteststoderivemodels
& validateresults

� Throughputpredictionfor
novel feedingscenarios

� Previouscomplementaritymethods
canlack solutions

� New impulsivemethodalways
hassolutions

� Methodisconvergentasstep-size
reduces

� Methodneedsnoexplicit collision
checking

On Well-Defined Kinematic Metric Functions
Q. Lin and J. W. Burdick

California Institute of Technology

Positioning and Orienting a Class of Symmetric Parts Using a
Combination of a Unit-Radial and a Constant Force Fields

F. Lamiraux and L. Kavraki
Rice University

� Metric functions: scalarfunctions
of rigid configs., velocities& wrenches.

� Utility : to assessrobotic metric
attributes(e.g. distance, length&
angle).

� Approach: intrinsiccharacterization
of objectivity of metricfunctions.

� Results: objectivity asrelatedto
frame-invarianceandleft, right&
bi-invariances.

� Uniquelyorientpartsusing
forcefieldsin aplane

� Combinationof radial and
constantforcefields

� None

� Somepartsuniquelyposed
up to symmetry
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Symposia: MoP2-6 (S) Monday, April 24
���

16:40-18:20, Ballroom 6

Prototyping Design and Automation
Organizers & Chairs: Kok-Meng Lee, Tarek Sobh

New Trends in Prototyping Design and Automation
Kok-Meng Lee � and Tarek Sobh �

� Georgia Institute of Technology and � University of Bridgeport

Prototyping Design and Automation of Micro/nano
Manipulation System
T. Fukuda and F. Arai

Nagoya University
� This paperis written to provide an overview on Symposium

on New Trendson PrototypingDesignand Automationwith
an emphasison the following two subtopics: (1) a review on
prototypingdiscreteeventandhybridsystems, and(2) thetrends
onprototypingreal-timemachinevisionsystemdesign.

� This symposiumcontainsfive papers, covering the topics of
informationextractionfor engineeringdesign, predictivemodels
of discrete-eventandhybridsystems, processplanningautomation,
andprototypingdesignof vision sensingsystems, micro/nano
systems, andautomatedDNA sequencing.

� Theoverview paperpresentsthefollowing two subtopics. The
first isanoverview for thedevelopmentof atheoryfor prototyping
discreteevent andhybrid systems. The secondsubtopicis an
overview of machinevision prototypingdesignfor real-time
automationapplications.

� A simplesoftwareenvironmentsystemwasdevelopedfor simulating,
analyzing, synthesizing, monitoring, and controlling discrete
eventandhybridsystems. In addition, wepresentanalternative
vision systemto overcomethoseproblemsassociatedwith a
traditionalvideo-basedvisionsystem.

� Thereis a greatdemandto manipulatemicroobjects. Here
we classifiedthe micro/nanomanipulationand introduced
thebasicresearchtopicsandfundamentaltechnologies.

� We presenttwo examplesof prototypingof themicro/nano
manipulationsystemespeciallyfor biologicalapplications.

Automating High-Throughput Fluid Sample Handling for
Biotechnology and Chemistry

Deirdre Meldrum
University of Washington

Data Mining in Engineering Design: A Case Study
A. Kusiak and T. L. Tseng

University of Iowa

� Automated, high-throughput(5000samples/8
hours), reducedcosts, improvedquality,
reliable, andreproduciblesystemfor
genomeanalysis.

� Useglasscapillariesandpiezoelectric
dispenserstopreparesubmicroliterreactions.

� Firstgenerationsystemcomplete; 2nd
generationsystemin testing; biology
producedisof highqualityandreproducible.

� Automatedfluid handlingsystemhas
beensuccessfullydeveloped. It will
betestedsoonin large-scalegenome
centersto preparesamplesfor DNA
sequencing.

� New computationalparadigm

� Dataandparameterprediction

� Noveldataminingalgorithms

� Accurateresults

An Approach to Rapid Manufacturing with Custom Fixturing
Mark Bloomenthal, Richard Riesenfeld, Elaine Cohen, Russell Fish

and Samuel Drake
University of Utah

	 Automaticgenerationof process
planswith fixturing.

	 Quickturn-aroundsfor functional
machinedparts.

	 Prismaticpartswith 4 and
5 axisindexedfeatures.

	 Approach: processplantemplates.
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Session: MoP2-7 Monday, April 24
���

16:40-18:20, Parlor 7

Actuators 1
Chairs: Michael J. McCarthy, Ken Waldron

Constrained Force Control of Shape Memory Alloy Actuators
D. Grant and V. Hayward

McGill University

Force Controllable Hydro-Elastic Actuator
David Robinson and Gill Pratt

Massachusetts Institute of Technology
� Experimentalresultsarepresented

to show that SMA actuatorscan
controlforcesrapidlyandprecisely.

� A forcetransductionmodelfor SMA
actuatorsis developedanda two
stageswitchingcontrollerisdesigned
usingthismodel.

� An antagonisticpair thatweights
6g (mostof it is superfluous) has
a peakforceof 7 N. It canapply
forceundercontrolwith a0.5

� Continuousoperationwasalsoverified.

� Developaforcecontrollable
hydraulicactuator.

� Controlthestrainof aseries
elasticelement.

� Low impedance, shocktolerance,
good bandwidthand high
powerdensity.

� Excellentforcecontrolwith
largedynamicrange.

Development and Analysis of Actuator With ER Damper
N. Takesue � , G. Zhang � , M. Sakaguchi � , J. Furusho � and Y.

Kiyosawa �
� Osaka University and � Harmonic Drive Systems, Inc.

Velocity Dependence of the Characteristics of Harmonic Drive
Built-in Torque Sensing

M. Hashimoto � , T. Ishizuka � , I. Godler 	 and M. Horiuchi 

� Shinshu University, � Kagoshima University, 	 Kyushu University and


 Harmonic Drive Systems, Nagano Japan

� Motivation

� Development

� Analysis

� Experiments

An Actuator Model of ICPF for Robotic Applications on the
Basis of Physicochemical Hypotheses

S. Tadokoro � , S. Yamagami � , T. Takamori � and Keisuke Oguro 

� Kobe University and 
 Osaka National Research Institute

Modeling and Motion Control of an Actuator Unit using ER
Clutches

M. Sakaguchi, G. Zhang and J. Furusho
Osaka University

� AccurateICPFmodelingfor
roboticapplicationdevelopment.

� Stressgenerationmodelby
ionicmotionin themembrane.

� High accuracy ontransient
responseandnonlinearities.

� CAD of soft gel actuators
for futureroboticdesign.

� Developmentof anActuator
Unit UsingER Fluid

� GoodResponse, Low Inertia
andSafetyCharacteristics

� ForceandVelocityResponse
Modelsof theERActuator
Unit

� ExperimentalResultsof the
Motion Control
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Session: MoP2-9 Monday, April 24
���

16:40-18:20, Parlor 9

Rehabilitation Robotics
Chairs: Atsuo Takanishi, Machiel Van der Loos

A Smart Walker for the Frail Visually Impaired
S. MacNamara and G. Lacey

Trinity College Dublin

Step climbing using power assist wheel chair robot with
inverse pendulum control

Y. Takahashi � , S. Ogawa � and S. Machida �
� Kanagawa Institute of Technology and � Kanagawa Technical High

School, Yokohama, Japan

� Increasedmobility for peoplewith a
visualandmobility impairment

� Highly maneuverablewith context sensitive
userinterface

� Robustlocalnavigationwith probabilistic
featuredetector

� Extensively field testedin many residential
facilitiesfor theelderly

Autonomous/Semi-autonomous Navigation System of a
Wheelchair by Active Ultrasonic Beacons

H. Seki, S. Kobayashi, Y. Kamiya, M. Hikizu and H. Nomura
Kanazawa University

Control Strategies for a Split-Wheel Car-Steering Simulator for
Upper Limb Stroke Therapy

M. J. Johnson, H. F. M. Van der Loos, C. G. Burgar, P. Shor and L. J.
Leifer

Stanford University

� NavigationAssistancefor WheelchairUsers

� PositioningSystemby UltrasonicBeacons

� ThreeNavigationModesUtilizing DetectedPosition

� NavigationExperiments

� Our goal is to createeffective and low-costwaysof
facilitatingupperlimb stroke therapy. Our challenge
wasto devisecontrolstrategiesto increasethelevel of
impairedlimb participationin exercisetasks.

� Weinterfacedanovel split-steeringwheelwith adriving
simulatorto createDriver’sSEAT. Wedesignedthree
therapy modesbasedonforce-reflectivecontrolstrategies.
Normalandstrokesubjectsperformedbimanualsteering
in eachmode.

� Wedetectedsignificantdifferencesbetweenlimb forces
exertedon the wheel in eachtherapy mode. We can
alsoquantify trackingperformanceon our simulated
roads.

� Our car-steeringsimulator (Driver’s SEAT) has the
potentialtobeaneffectivedevicefor upperlimb stroke
therapy.

DSP-Based Controller for a Multi Degree Prosthetic Hand
H. P. Huang and C. Y. Chiang

National Taiwan University

Mouth Opening and Closing Training with 6-DOF Parallel Robot
Hideaki Takanobu � , Takeo Maruyama � , Atsuo Takanishi � , Kayoko

Ohtsuki 	 and Masatoshi Ohnishi 	
� Waseda University and 	 Yamanashi Medical University


 DiscriminatetheEMGfeatures


 DevelopaDSP-basedcontroller


 Provide87.5

� Motivation: Conventionaltraining
by humanwas1-DOF

� Approach: 6-DOFUniversal
DentalRobot(UDR)

� Results: Increaseof twopatients’
mouthopeningdistancesfrom
21to 32and15to 26[mm]

� Conclusions: 6-DOFtraining
robotwasdeveloped

19



Special� Session: MoP3-5 Monday, April 24
���

19:20-21:00, Ballroom 5

Robotics: The 20th Century and Beyond
Chair/Moderator: Georges Giralt, LAAS-CNRS, France

Speakers:

T. Kanade,Carnegie Mellon University
J.C.Latombe,StanfordUniversity
N. Nilsson,StanfordUniversity
B. Roth,StanfordUniversity

During the20th century, Roboticshasprogressively emergedasa scientificbody of concepts,methods,
andalgorithmictools,in factthemostchallengingfield in machineintelligence.

Currently, it is confrontedwith paramountchallengesboth in theoreticalaspectswith seminalscientific
andtechnicalachievements,andpracticalaspectswhereInformationTechnologiesandMicro andNano
Technologiesappearto bedecisivesupportingfactors.

Thecurrentstreamof developmentspavestheway for a very largedomainof novel applicationsranging
from outerspaceinterventionto AssistiveRobotics,PersonalRoboticsandHumanAugmentation.These
advancesarecornerstoneaspectsfor thedomainof HumanCenteredRoboticswheremachinesareamong
peopleandmightbeoperatedby nonspecializedusers.

Thespeakerswill addressfour key broaddomainspresentingtheirown viewsonpastandcurrentachieve-
ments,currenttrends,andfuturedevelopmentthey seefor thenext decade.They will entertainanample
debatewith theaudienceat theendof thefour presentations.

� Computer Vision: Progress in the Last Three Decades
T. Kanade,Carnegie Mellon University

� Robotics and Real-World Computing
J.C.Latombe,StanfordUniversity

� The Programming, Teaching, and Learning (PTL) Model of Robot Control
N. Nilsson,StanfordUniversity

� Kinematics, Dynamics and Control in Robotic Systems
B. Roth,StanfordUniversity
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