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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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