Characterizing the effect of time delay and low-pass
filtering on human perception of stiffness and damping
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Abstract Theoretical Models

Impedance-type kinesthetic haptic displays aim to render arbitrary .
desired dyn.ar.nic§ toa human operator using fc_)rce? feedback. To effectively Effective Stiffness (ES) 5 | ==p ESofKupto]
render realistic virtual environments, the haptic display should be _ _
accurate, that is, the mechanical properties perceived by the human : ' i o o “ Case | rendered an environment with the effect of either a
should mimic the mechanical properties of the desired environment. 00 : £D is limited 0 B— | delay time or low -pass filter.

Previous works. haye identified important p?rameters for aCCl.Jracy in Effective Damping (ED) o\ ' Newo | = by the cutoff
terms of effective impedances, and determined the effect of important 0 UL frequency
haptic display system parameters such as time delay and low-pass
filtering. In this work, we test the predictions of past works using human T | — EM of m for
subject experiments. A user study was conducted in which subjects were Effective Mass (EM) _ | == frequencies
asked to match perceived stiffness and perceived damping values to that - | past] °
of a reference rendered environment. As predicted from theory, users - 10° T

perceive the system as less damped with increasing time delay. Similarly, Frequency (rad/s) Frequency (rad/s)

for lower filter cut-off frequencies, the perceived damping is lower. No 7 medium 1 high O low 0 medium O large

trends were observed in users’ perception of stiffness for different total — — — —

time delay or filter cut-off frequency. This work has applications to haptic Theoretical predictions show that low-pass Theoretical predictions show that time delay has
virtual environments and bilateral teleoperation. Understanding how filtering has no effect on effective stiffness but no effect on effective stiffness but decreases
humans perceive the mechanical properties of the master in a limit effective damping. effective damping.

teleoperation system can guide the design of better systems that
implement force feedback, which is particularly useful for robotic
minimally invasive surgery.
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Case Il had no effect of time delay or low -pass filtering. The
user could dial up and down the stiffness or damping until it
was perceived to match that of case I.

ED (Ns/m)

EM of m for
== frequencies past Case | Case |l

] b )

Results e

L 1) Which one
ref matches in

Damping vs. time delay Damping vs. cubff frequency \tlme delay :tref/ damping?
2) Which one

matches in
stiffness?

\_ kmin J

time delay =0

Intuitive Surgical, Inc.

Medicine

Conclusions and Future Work
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Commanded Damping | | 1 SR SRR ===Theoretical Damping
===Theoretical Damping | | | | k=1 | =Perceived Damping | _ _
| -Perceived Damping | - « Effective impedances are a valuable tool for

) ' ‘ ‘ EEEEN R characterizing how the user perceives force -feedback
Achieve greater accuracy of haptic — _ | w | | Y7 T S 0 T N S S RS S S

. 0 7 14 21 28 35 . 1 5 10 50 150 from haptic displays. |
displays. g Time Delay [ms] Cutoff Frequency [Hz] Future work can extend both the theory and experiment

Understand human perception of | = With different time delays and filter cut-off frequency, subjects perceived the device damping differently from the to study user perception of force -feedback in other

rendered environments under the effect ,‘ commanded value shown in blue (b = 1.5 Ns/m). scenarios such as training, simulations, and
of time delay and low-pass filtering. | teleoperation.

Guide the design of haptic displays for
applications in rehabilitation, training
and simulations.

Damping [Ns/m]

Stiffness vs. time delay Stiffness vs. cubff frequency

Guide the design of haptic displays in
teleoperation of machines in harsh
environments and surgical robots.
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With different time delays and filter cut-off frequencies, subjects’ perception of device stiffness did not change from the REfe rences

_ commanded value (k=75 N/m). Colonnese , N., et al . (ld®S3ti#ngss &n€Dampging dccuracy of Impedance -type
o ' Haptic Displays.” Haptics Symposium (HAPTICS), 2014 |
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