Human Tactile Mechanics and
the Design of Haptic Interfaces

Vincent Hayward
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Levesque, V., Hayward, V. 2003.
Proc. Eurohaptics 2003. pp. 261-275
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Sliding Mechanics

initial contact preloading transition

André, T., Lévesque, V., Hayward, V., Lefévre, P. and Thonnard, J-L. 2011.

Journal of the Royal Society Interface, 8(64):1574—1583
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Sliding Mechanics
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Role of water
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Role of water
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Role of water
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Role of water
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Role of water
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Role of water

¢
- ) '!.,‘
g ‘,—-"":-—-—_ N
.-"c"'..f.'" g, N
.ur‘-';. 1--'4‘::.--'-—‘ b \ \\f‘"
"‘Vﬂ" ']
e -r"-"'""""‘\\ g gy,
:".‘ ‘C-“—a- ‘k_ <
: 1",4';-:,..':‘:“\‘ :\ *:‘.
ﬂ' d"-r.d.f"----,_?\\\‘q‘\
.l o SRy * “ ke "‘
.f"n.‘ '-'-lll‘m ‘.i - “|' 4 -
» ’d & - .ﬂ--‘.\‘ "* h, *
- f':‘,a::"__-.--.‘ L ) g Yo \‘ 3
- {l'..-"-n.-."lv ~ . * u
L - - L] »
d ':‘ .". 'l':‘-‘: * ‘\..'b‘\i"‘I
i L L L1 P Tl IRt
,-—‘,lﬁ-“' ! w A
. ¢
,‘,-'“‘*“u »
“'*‘I} ‘- 'S
Ve, b
60 second

Dzidek, B., Bochereau, S., Johnson, S., Hayward, V., and Adams, M. 2017.

Proceedings of the National Academy of Science, 114:10864—108609.
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(See also , Nature Physics, News and Views, Nov 2017 and (Nature Materials, News and Views, Nov 2017)
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Overcoming Proprioception

Robles De La Torre, G., Hayward, V. 2001.

Nature, 412:445-448.
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Overcoming Proprioception
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Smith, A. M., Chapman, C. E., Donati, F., Fortier-Poisson, P. and Hayward, V. 2009.

Journal of Neurophysiology, 102:3519-3529
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Overcoming Proprioception
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percent correct answers

percent correct answers N

Gueorguiey, D., Bochereau, S., Mouraux, A., Hayward, V. and Thonnard, J-L. 2016.

Scientific Reports, 6 :25558.

Tactile Cognition: What
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Tactile Cognition: How
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Klocker, A., Wiertlewski, M., Théate, V., Hayward, V., Thonnard, J.-L. 2013.

PloS ONE, 8(11):¢79085.
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Non Local Mechanics

Y. Shao, V. Hayward, Y. Visell. 2016.

Proceedings of the National Academy of Sciences, 113(15):4188—4193
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Non Local Mechanics
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Non Local Mechanics

Characteristic parameters for viscoelastic waves in the hand

Tactile frequencies fumin O Hz
fmax 1000 Hz

Group velocity, ¢( f) Crin 1 M/S
Cmax 10 m/s

Wavelength, A=c(f)/f Amin 3 mm
Amax 150 mm

Decay time, T Tmin 10 ms
Tmax 300 ms
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Non Local Mechanics

“Efficient encoding hypothesis”

Each estimated tactile stimulus:

where,

“Convolutive Non-negative Matrix Factorization”

Shao, VY., Hayward, V., Visell, Y. 2020.

Science Advances, 6:eaaz1158.
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Tactile Cognition: Where
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Miller, L. E., Montroni, L., Koun, E., Salemme, R., Hayward, V., Farné, A. 2018.

Nature, 561(7722):239-242.



Tactile Cognition: Where
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S Tactile Cognition: Where
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Tactile Cognition: Where
A 5 B
:@’ } “@’ } Response

Experiment 1: Tool surface | 2— 2'? 2 | 1= 15 S

; — Retention Decision

C

Same

C_o Different
Null effect Location encoding

Miller, L. E., Fabio, C., Ravenda, V., Bahmad, S. Koun, E., Salemme, R. Luauté, J., Bolognini, N.,
Hayward, V. Farne, A. 2019.

Current Biology, 29(24):4276-4283.e5

26



hy _ N acbronika 27
Tactile Cognition: Where
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Tactile Cognition: Where
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Tactile Metacognition
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Fairhurst, M. T., Travers, E., Hayward, V., and Deroy, O. 2018.

Scientific Reports, 8:15604
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Tactile Metacognition
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I feel I'm touching
my hand with my finger

rubber
hand

tactile .
SeNsor Wk

replication

by tactile transducer

Cataldo, A., Di Luca, M., Deroy, O., Hayward, V. 2023.

iScience, in press.
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Tactile Cognition: Who
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Unitouch ENGINE Inventions
Runtime integration of haptics 2022

Unitouch EMBEDDED
High-quality haptics integration

Unitouch LIBRARY
Large collection of haptic templates

Unitouch DESIGNER
Create and customise haptic experience

Hapcoil Haptic Transducers
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