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D Introduction

Teleoperation procedures In constrained workspaces
require safety and usability. Moreover, the controlling
framework should be independent of robot geometry.

Motivation: procedures in constrained workspaces
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3 Proposed methodology

Master-side
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subject to Wq < w,

The proposed teleoperation approach can be divided into
the master-side and the slave-side

Slave-side (Constrained optimization):

Robot 1 error term

e Robot 2 error term
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Robot prioritization weight

subject to Wq < w,

Generate virtual fixtures and
joint limits

Each robot error term iIs given by

// Translation and rotation error weight \

Joint velocity balancing weight\
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Translation error term Rotation error term

a Prioritizing translation is more Iintuitive
A Prioritizing instrument motion IS more intuitive

5 Robot prioritization can generate compliant behavior

Master-side (Cartesian impedance):

/ Force-feedback felt by the user Viscosity
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\ Force proportional to the tracking error in the slave

The user “feels” the direction In which the robot has
difficulty moving
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(2) Objective

Based on our vector-field-inequalities algorithm for virtual-
fixtures, our goal Is to provide safe teleoperation with
real-time collision avoidance, In special for constrained
workspaces in which multiple robots interact.
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Goal: A unified methodology, Irrespective to robot geometry

(@) Experiments
Peg transfer using the dVRK (Adult)

Left tool teleoperated, right tool commanded to stay in place
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Peg transfer using the SmartArm (Pediatric)
Robot teleoperated by a medical doctor
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(5 Conclusion

Robot prioritization and smooth teleoperation were
achieved with the proposed methodology
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