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The rat's whiskers: Multidisciplinary
research reveals how we sense texture

July 13 2021
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Whisker and biomechanical measurement. (A) Rat whisker C4. The rat ‘s head
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and location of whisker field is shown. The position of C4 is the green dot in the
magnified whisker field. Conical shape, length 1 and distance x (cf. panel C) are
shown. (Note that we repeated core measurements using also a C3 and a D3
whisker, the locations of which are indicated by grey dots) (B) Microscopic
images of whisker tip (left) and base (right). (C) Experimental set up (view from
the recording camera). The rotating rod is seen on top. At the bottom, the half-
cylinder holding the sandpaper is shown. Experimental variables position on
whisker (length) 1, driving speed v, and distance x are indicated. (D) Stick—slip
events in a whisker moving across a texture. Videographic analysis of whisker
shape and location in x and y during one protraction (all frames of the video are
shown, the sandpaper was located at distance 1 mm less than whisker length: i.e.
at x=27.36 mm). Red: all frames below the driving velocity—pointing to sticking
periods. Green: instances with local maximum of acceleration—pointing to slips.
The first frame captured when the whisker was moving free in air (no texture) is
shown for comparison (violet). Inset: Cross-correlogram of accelerations at the
tip (x=24 mm, top white line) vs. that at the base (x=3 mm, bottom white line).
The grey lines indicate time lag t=0 (abscissa) and correlation coefficient r=0
(ordinate). (E) Method to identify stick and slip events. Sticks (red) were found
by thresholding the velocity trace (at driving speed 420°/s) and minimizing the
trace below that limit. Slips (green) were found by maximizing the acceleration
strips above threshold (2 standard deviations found with movement in air/no
contact). On top all events are shown again aligned on the time axis. Further, a
short sequence of 4 slips and 7 sticks is shown in the blow-up. Credit: Nature
Scientific Reports

How we sense texture has long been a mystery. It is known that nerves
attached to the fingertip skin are responsible for sensing different
surfaces, but how they do it is not well understood. Rodents perform
texture sensing through their whiskers. Like human fingertips, whiskers
perform multiple tasks, sensing proximity and shape of objects, as well
as surface textures.

Mathematicians from the University of Bristol's Department of
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Engineering Mathematics, worked with neuroscientists from the
University of Tuebingen in Germany, to understand how the motion of a
whisker across a surface translates texture information into neural signals
that can be perceived by the brain.

By carrying out high precision laboratory tests on a real rat whisker,
combined with computation models, the researchers found that whiskers
act like antennae, tuned to sense the tiny stick-slip motions caused by
friction between the surface and the tip of the whisker.

"One of the most striking things we found both in the experiments and
the theory was the thousand-fold amplification of tiny force signals
perceived by the tip of the whisker to that received by the neurons at the
whiskers base. Suddenly we realized that the whisker is acting like an
amplifier, taking micro-scale stick-slip events and rapidly turning them
into clean pulses that can be picked up and processed by the brain," said
Professor Alan Champneys from the University of Bristol, co-lead of the
modeling work with colleague, Dr. Robert Szalai. Dr. Thibaut Putelat
carried out the detailed numerical modeling.

The research Conveyance of texture signals along a rat whisker,
published in the journal Scientific Reports from the publisher Nature,
reveals the tapering of the whisker has the effect of amplifying tiny high-
frequency motions into appreciable pulse-like changes in forces and
movement at the whisker follicle. In turn, the nerve cells in the follicle
sense these changes and transmit them to the brain.

"It 1s almost as if the morphology of the whisker is designed to convey
these friction-induced signals as "AC" waves on top of the "DC" motion
of the whisker that conveys the information on surface proximity and
hardness.

"These AC waves are too small and too rapid to be perceived by the
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human eye. However, in approaching this problem in a multidisciplinary
fashion, we have been able to reveal these waves with clarity for the first
time," said Professor Champneys.

"The findings have implications for human touch too, where the
morphology of finger-print ridges is more complex, but might similarly
distinguish between AC and DC signals as our brain tries to disentangle
multiple information streams about what we are feeling," said Dr.
Maysam Oladazimi, who carried out the experiments as part of his Ph.D.

The findings could have far-reaching benefits including how textures
could be designed to provide optimal cues for the visually impaired, for
human safety operation in low light environments, or for immersive
artistic installations.

"This research opens several avenues for future work. As neuroscientists,
we are interested in developing a more detailed understanding of neural
signaling pathways in texture discrimination, while our colleagues in
Bristol are keen to explore implications for the design of future robotic
sensing systems," said Professor Cornelius Schwarz, who led the
experiments at the University of Tuebingen.

Professor Champneys said the research was of particular value to haptic-
sensing in the field of robotics, where robots literally feel their
environment and is the focus of much current research, especially for
robots that need to act autonomously in the dark, such as in search and
rescue missions. Professor Nathan Lepora and colleagues at the Bristol
Robotics Laboratory are pioneers in this field.

"This transnational interdisciplinary collaboration between
experimentalists and mathematical modelers was exciting. The results
from the computer models and from the laboratory experiments went
hand in hand—it was only through a combination of the two that we
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were able to make our breakthrough," said Professor Champneys.

More information: Maysam Oladazimi et al, Conveyance of texture
signals along a rat whisker, Scientific Reports (2021). DOI:
10.1038/s41598-021-92770-3
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