UNIVERSITY OF |EEE

e S Juby 16782021

Improving a User's Haptic Perceptual Sensitivity
by Optimizing Effective Manipulability
of a Redundant User Interface

Teng Li, Ali Torabi, Hongjun Xing, and Mahdi Tavakoli

University of Alberta, Canada
Harbin Institute of Technology, China
Aug.11-13, 2021




OUTLINE

G| UNIYERSITY OF
Piy D A

BE

Motivation

Related works

Main idea

Experimental design e = AL
Results
Conclusion

OROXORONORC

5] UNIVERSITY OF
‘.EEEI‘

ALBERTA 2




Subcutaneous

45°

Intravenous

Intramuscular Intradermal

Palpation
Probe

o\

Cutaneous

Blood Vessel

- Phantom
Phantom rf —
-

Tissue r

20mm

= Tool Shaft
: (©0<0.9 mm)

eedle Insert

Disposable Micron

Palpation probe for dVRK
(McKinley et al., 2015)

Force sensing microneedle
(Gonenc et al., 2017)

@ ALBERTA

o=

Haptic perceptual sensitivity ?




@ Related works
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@ Main idea
fl—lighlights: \

» focus on one specific redundant robot;

OPTIMIZING
Effective manipulability:

« explore difference optimization methods in p=@"gJH w2

robot null space for improving haptic

\ perceptual sensitivity. /
ﬁuestions: \ 4ypotheses: \
1. How perceptual sensitivity of friction and 1. The perceptual sensitivity of both friction and
stiffness will be affected by different methods stiffness CAN BE improved by maximizing the
of optimizing the effective manipulability (EM) EM along the movement direction.

of a redundant robot?

2. Is there any trade-off effect on the haptic 2. THERE IS a trade-off effect for isotropic
perceptual sensitivity when optimizing the EM condition.
\ to be isotropic? / K /
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@ Experimental design: (1) Apparatus
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@ Experimental design: (2) 4 optimization methods and 8 conditions
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@ Experimental design: (3) Paradigm
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Paradigm:
« 2AFC (two alternative forced choice)
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@ Results: (1) JND and WF

Table 1: Summary of IND and WF in each condition.

Fitted psychometric function curve on PF data for each condition Friction Task Stiffness Task
Cond. JND WF Cond. JND WF

Cl 03642 0.1819 C4  0.1094 0.2282
C2 04317 02199 G5 0.1187 0.2399
C3 0.5410 0.2767 Co6  0.1534 0.3184
C7 04746 02474  C8 0.1819 0.3731

Positive Fraction

1

~ UT ~ WF
(upper threshold) (Weber Fraction)
S JND
: <L < WF =2—
f;j (lower threshold) PSE
- PSE - JND
(point of subjective equality) (just noticeable difference)

Stiffness (N/m)
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@ Results: (2) Statistical analysis

0.8

o
o

o
N

JND of friction (Ns/m)
o
~

W

0

s A -
EXP.1 (c1,c2,c3)
Conclusion-1:
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Limitations:
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@ Conclusion

Conclusion:

« User’s haptic perceptual sensitivity of friction and stiffness can be significantly
improved by appropriately optimizing the effective manipulability (EM) with
making use of the intrinsic property of kinematic redundancy.

Future work:
« How masking effect will influence the haptic perceptual sensitivity?

* Whether the same optimization approach used in this paper can also benefit the
perceptual sensitivity of other types of forces, e.g., torques, inertia.
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