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“It is comparatively easy to make computers exhibit 

adult performance on intelligence tests, but difficult or 

impossible to give them the skills of a one-year-old 

when it comes to perception and mobility”

Moravec



Reaction vs. prediction

James and Lepora, 2020
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Grasping is about perceiving the interaction forces
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Grip force regulation
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Friction? Safety margin?
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Grip force regulation

Johansson and Westling, 1984
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Are we able to perceive friction on initial 
contact?

Khamis et al., 2020

No perception when 

the subject is passive
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Experiment in active

Willemet et al., Initial contact shapes the perception of friction (2021) 

PNAS
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Friction modulation

9Wiertlewski M. et al., PNAS 2016



Psychophysical results
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high friction



Friction and skin deformation
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Skin deformation and friction perception

Spearman’ s rank coefficient=0.28, 

p=0.009
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Where does this lateral strain comes from?
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𝐿 = 𝑅 cos−1
𝑅 − 𝛿

𝑅

𝑎2 = 𝑅2 − (𝑅 − 𝛿)2



Can robots perceive this 
lateral expansion?
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Friction perception is possible on initial contact



Tactile sensor: transduction principle

17Lin, X. et al. (2019). IEEE Robotics and Automation Letters



Curvature
estimation
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Hertz theory: 𝑅𝑒𝑞 =
𝑎2

𝛿𝑟



Shape reconstruction
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Friction perception
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Friction perception
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Grip force is 
continuously 
adjusted to 
keep a 20% 

safety margin
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Skin deformation during incipient slippage
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Finger slippage

24

high friction

low friction



Setup
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Dimensionality reduction

26Willemet et al., Efficient tactile encoding of object slippage (2022)



Safety margin estimation
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Contribution of each bases

= temporal evolution 𝜎𝑣𝑇
Support Vector 

Machine
Safety margin

internal model



How to choose the optimal number of 
bases?

2 bases
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Refining the accuracy of the estimation

...for control in robotics

29



Data acquisition
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Safety margin prediction in robotics
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Safety margin estimation
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Grip force adaptation during grasping
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Reacting to external perturbations
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Reacting to external perturbations
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Grip force control
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Conclusion

37

Résultat de recherche d'images pour "oreille icone"

Résultat de recherche d'images pour "oeil icone"

Bell et Sejnowski, 1997

Lewicki, 2002

• Minute lateral skin strains inform on:
• friction on initial contact

• safety margin during a lift

• We can use these patterns to 
predict frictional events and 
anticipate slippage in robotics

https://www.google.com/search?q=oreille+icone&client=firefox-b-d&sxsrf=ALeKk0126kmoWluSvlZPDEw2tqfF2vzyVg:1623053873730&tbm=isch&source=iu&ictx=1&fir=YNS0-L5FdWgeAM%252C3ZQ0WVFnSQvwoM%252C_&vet=1&usg=AI4_-kS08DQxsQEFHZnAXByAjzJQLczWsg&sa=X&ved=2ahUKEwjgyuDsioXxAhVs7OAKHX1DDJEQ9QF6BAgREAE#imgrc=YNS0-L5FdWgeAM
https://www.google.com/search?q=oeil+icone&client=firefox-b-d&sxsrf=ALeKk01Nuy0AjryHdKfBYeazSZNAt5uXag:1623053836130&tbm=isch&source=iu&ictx=1&fir=3G4AKjZRjWRmcM%252Cyq4sHjSVVb2GmM%252C_&vet=1&usg=AI4_-kQ0HobZAaexp2tStrtuUjdUO-QWLQ&sa=X&ved=2ahUKEwia5-naioXxAhVBA2MBHeJwBr0Q9QF6BAgTEAE#imgrc=3G4AKjZRjWRmcM


Thank you!
lwilleme@mit.edu
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1) Regulation of grip force 

supraspinally mediated
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Efficient coding strategy to 

quickly infer physical 

properties

Cole et al., 1988

Johansson et al., 2004

Hypotheses

2) Conscious perception

for planning and control

Barlow et al., 1961

?

150ms



Where does the lateral strain comes from?
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• Not predicted by 

Hertzian contact

• FDTD Simulation 

with friction

Simulated Measured 

Low frictionHigh friction



Skin deformation and friction perception

divergence difference

between reference and 

comparison
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Individual performance
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Strain rate
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Sensation is a form of best guessing 

Seth et al., 2013

Gross deformation

Diverging 

deformation
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Hypothesis on mechanoreceptors 
placement
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Effect of adding priors

Number of 

bases used for 

the estimation

Future work:

Experiment in unpredictable 

conditions: same direction, same 

speed.
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During a grasping task

48

Felix Roel
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