
Several species of terrestrial and marine 
mammals with whiskers (vibrissae) use 
them to sense and navigate in their environ-
ment — for example, rats use their whiskers 
to discern the features of objects1, and seals 
rely on theirs to track the hydrodynamic trails 
of their prey2. Here we show that the bending 
moment — sometimes referred to as torque 
— at the whisker base can be used to generate 
three-dimensional spatial representations of 
the environment, and we use this principle to 
construct robotic whisker arrays that extract 
precise information about object shape and 
fluid flow. Our results will contribute to the 
development of versatile tactile-sensing sys-
tems for robotic applications, and demonstrate 
the value of hardware models in understand-
ing how sensing mechanisms and movement 
control strategies are interlocked. 

Rats actively whisk (rotate) their whiskers 
against objects during exploration1, whereas 
seals keep their whiskers relatively fixed in 
order to track fluid wakes2. Using classical elas-
ticity theory3,4, we modelled the rat whisker as 
a conical beam bending against an object, and 
derived a monotonic relationship between the 
radial contact distance, d, and rate of change 
of moment, M, at the whisker base (see sup-
plementary information). This theoretical 
solution was experimentally verified by using 
a strain gauge to measure moment at the base 
of a rat’s plucked whisker as it was smoothly 
rotated against a slender peg placed at various 
radial distances (Fig. 1a). Agreement was excel-
lent between the actual radial distance and that 
obtained from the experiment (for details, see 
supplementary information).

To investigate the shape-extraction capability 
of this encoding mechanism, we constructed a 
4�1 array of robotic whiskers. Each spring-steel 
wire whisker was fitted with four strain gauges at 
its base to measure the two orthogonal compo-
nents of moment. We tested the array by whisk-
ing it across a small, sculpted head, an object 
selected specifically for its intricate concavities 
and convexities (for details and video, see sup-
plementary information). Whisking was per-
formed with the array at evenly spaced heights 
and angles. Analysis of moments on each whisk 
provided four radial contact points in three-
dimensional space (one for each whisker). Fit-
ting a smooth surface to the contact points then 
resulted in a faithful extraction of the original 
shape of the sculpture (Fig. 1b). 

To test the ability of whiskers to extract the 

features of fluid flows, we used two opposing 
4�1 whisker arrays (Fig. 1c, inset). Each stain-
less steel wire was replaced with a thin, flex-
ible, plastic strip to ensure that there was a large 
surface area normal to the flow and to maxi-
mize bending. When a stream of air moving at 
velocity V was directed towards the centre of 
the array, each whisker was deflected by a mag-
nitude that was dependent on its distributed 
load, permitting an accurate characterization 
of the shape of the fluid stream (Fig. 1c). More 
complex whisker configurations would allow 
flow patterns to be described in three dimen-
sions, which might enable moving underwater 
objects to be tracked by wake.

Until now, neural responses of the whisker 
system have been described mainly in terms 
of kinematic variables, that is, position and its 
variation with time. Our findings indicate that 
the primary sensory neurons of animals that 
use their whiskers for exploration may also 
encode information about moment. This idea 
is consistent with physiological recordings from 
the rat trigeminal ganglion5. Sensing moment at 
the whisker base during contact with an object 
could be a low-frequency counterpart to the 
whisker vibrations that are thought to be used 
to discriminate textures6,7. 

Our results on biomimetically engineered 
whiskers may find application in land-based 
robots and autonomous underwater vehicles, 
in which a capability for tactile perception 
could broaden and enhance performance.
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Robotic whiskers used to sense features
Whiskers mimicking those of seals or rats might be useful for underwater tracking or tactile exploration.

Figure 1 | Whisker arrays extract information 
about complex environmental features. a, A 
whisker (red) of length L rotates through an 
angle θ against an object at distance d, which 
elicits a moment M at the base. b, Extraction 
of information about an object shape using an 
artificial whisker array (whisker lengths are 2, 3, 
4 and 5 cm). c, Fluid-flow profiles, determined 
using two opposing whisker arrays, arranged 
as shown in the inset. V is the fluid velocity and 
each whisker is 0.5 cm�11 cm. Blue curve: data 
from whisker array; red: data from a Pitot tube 
placed at the height of each whisker, which gives 
the true air speed. Standard deviations (10 trials) 
are within the size of the symbols.
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