
• Scalability: We are currently fabricating a 
forearm-scale sensor to evaluate how our 
operating principle scales with increasing 
sensing area.

• Probe size and shape: Current training 
and evaluation used a fixed-radius probe. 
We plan to extend prediction to probe 
size and, eventually, shape.

• Cross-modal learning: We collected 
vision-based measurements of the plate 
interface alongside ultrasound 
measurements. We will explore whether 
these paired data enable us to predict 
richer contact states from ultrasound.

Large-Area Tactile Sensing via Contact-Induced Modulation of Ultrasonic Waves

Overview: Tactile sensing is required across increasingly larger portions of robot hands and arms. Here, we introduce an ultrasound-based 
sensing method that achieves fine localization and accurate normal-force predictions across a large area with few sensing elements.
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Contact-induced modulations in 
ultrasound waves encode contact state

Contact states can be predicted with high 
accuracy using supervised learning
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Distributed tactile sensing 
facilitates dexterous manipulation

• Broader manipulation tasks can recruit the arms 
and other body surfaces [3], highlighting a need 
for scalable sensing architectures.

Side opposition Palm opposition

• Many common grasps rely on contact 
beyond the fingertips, including the 
palm and sides of the fingers [1].

• Extending tactile sensing beyond the 
fingertips improves performance in 
contact-rich tasks [2].

Active 1 MHz ultrasound is used to remotely 
investigate a soft, two-plate system

External contact: Plates are 
acoustically coupled.
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• Contact modifies wave 
propagation through 
reflection, scattering, and 
transmission.

• Materials with low acoustic 
damping allow waves to 
interact repeatedly with the 
contact, producing more 
distinctive waveforms.

1 MHz pulses
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Key idea: Contact-modulated waveforms are 
used to predict low-dimensional contact states.

The normal force governs how 
effectively the two plates are 
acoustically coupled. In the upper 

plate, this manifests as a monotonic 
relationship between the piezo 
envelope area and normal force.
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Piezo envelope as a function of force for 
contact in the plate center (upper plate)
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Spatial maps of time of flight (each point in the image 
corresponds to a contact location on the plate; upper plate)• In the upper plate, the 

measured time of flight 
readily encodes the contact 
location; waves travel from 
the active piezo in the lower 
plate to the contact location, 
cross into the upper plate, 
and then continue to the 
upper-plate piezos.

• The relationship between 
contact location and the 
piezo waveform in the 
lower plate is encoded in 
nanosecond-scale timing 
shifts in the waveform 
oscillations. Generally, 
envelope correlations 
decrease as the distance 
between contact locations 
increases.

Pairwise correlations between piezo envelopes as a function 
of distance between contact locations (lower plate)
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We captured ~8,000 training examples (and ~2,000 unseen test examples) that 
varied in force and location, and trained a model to predict the contact state.

Key result: We achieved 600 μm localization 
and 175 mN normal-force accuracy on average 

with as few as two sensing elements.

I’m on the faculty 
market this year. Find 
my CV on my website!
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Existing high-resolution sensing technologies 
scale poorly with increasing sensor area

Key challenge: Develop tactile sensing 
architectures that extend to larger surfaces without 

dense sensor arrays or bulky imaging hardware.

Array-based Vision-based
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Paired vision-based and 
ultrasound measurements
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How do waveforms encode force?
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In the lower plate, owing to the effects of 
reflections and scattering, normal force is 
encoded in amplitude and timing 
variations from the reference state (i.e., the 
piezo response in the absence of contact). 
Generally, the total absolute envelope 
difference increases with normal force.
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as a function of force for contact 
in the plate center (lower plate)

N
o
rm

a
liz

e
d
 t
o
ta

l 
a
b
s
o
lu

te
 e

n
v
e
lo

p
e
 

d
if
fe

re
n
c
e

0

1

Force (N)
0 1284

L1

L2

L3

L4

How do waveforms encode contact location?

4-channel results 

(L1, L2, L3, L4)

4-channel results 

(L1, L2, L3, L4)


