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Hipp, Joerg, Ehsan Arabzadeh, Erik Zorzin, Jorg Conradt, Chris-
toph Kayser, Mathew E. Diamond, and Peter Konig. Texture signals
in whisker vibrations. J Neurophysiol 95: 1792-1799, 2006. First pub-
lished December 7, 2005; doi:10.1152/jn.01104.2005. Rodents excel in
making texture judgments by sweeping their whiskers across a surface.
Here we aimed to identify the signals present in whisker vibrations that
give rise to such fine sensory discriminations. First, we used sensors to
capture vibration signals in metal whiskers during active whisking of an
artificial system and in natural whiskers during whisking of rats in vivo.
Then we developed a classification algorithm that successfully matched
the vibration frequency spectra of single trials to the texture that induced
it. For artificial whiskers, the algorithm correctly identified one texture of
eight alternatives on 40% of trials; for in vivo natural whiskers, the
algorithm correctly identified one texture of five alternatives on 80% of
trials. Finally, we asked which were the key discriminative features of the
vibration spectra. Under both artificial and natural conditions, the com-
bination of two features accounted for most of the information: The
modulation power—the power of the part of the whisker movement
representing the modulation due to the texture surface—increased with
the coarseness of the texture; the modulation centroid—a measure related
to the center of gravity within the power spectrum—decreased with the
coarseness of the texture. Indeed, restricting the signal to these two
parameters led to performance three-fourths as high as the full spectra.
Because earlier work showed that modulation power and centroid are
directly related to neuronal responses in the whisker pathway, we con-
clude that the biological system optimally extracts vibration features to
permit texture classification.

INTRODUCTION

The whiskers are one of the principal sources of sensory
information for rodents; a conspicuous and specialized sensory
pathway has evolved to process vibrissal signals. Since the
discovery of rodent barrel cortex (Woolsey and Van der Loos
1970), great strides have been made in understanding the
relationship between the circuitry and the physiological prop-
erties of neurons (Armstrong-James and Fox 1987; Brecht et
al. 2003; Staiger et al. 2004). In the last few years, research has
begun to turn to another aspect of sensory processing: how
does neuronal activity represent the real physical objects with
which the animal interacts? Through active movement of their
whiskers, rats are able to discriminate the shape of small
objects, the aperture size of openings, and the distance and
location of objects (Brecht et al. 1997; Hutson and Masterton
1986; Krupa et al. 2001). An additional sensory capacity, the
focus of the present work, is the discrimination of the surface

features of objects; rats can judge the depth and distance
between ridges as well as the coarseness of textures (Carvell
and Simons 1990, 1995; Guic-Robles et al. 1989). Indeed,
when making a texture discrimination by sweeping their whis-
kers across a surface, rats demonstrate discriminative capaci-
ties that rival or exceed those of humans using their fingertips.
Here we aim to identify the signals present in whisker move-
ment that give rise to such fine sensory discriminations.

The nature of the signals present in the whiskers is of interest
for several reasons. First, whiskers carry out a signal transforma-
tion, acting as the interface between external objects and sensory
receptor neurons. Whereas in visual system it is readily apparent
that sensory receptors transduce the energy of photons, such a
straightforward statement cannot be made for the whisker sensory
system. To probe a texture, rodents actively move their whiskers
at a frequency of ~5-12 Hz (Carvell and Simons 1990, 1995;
Harvey et al. 2001). Signals arising from contact with the object
surface are conducted toward the follicle, where the primary
sensory neurons are situated. In this process, the mechanical
properties of whiskers modify the signals in ways that are only
recently beginning to be understood (Fend et al. 2003; Hartmann
et al. 2003; Neimark et al. 2003). Second, the features of the
signals that reach the whisker follicle can give us indications of
what to expect in neuronal processing. If sensory processing
mechanisms have evolved to take advantage of the most infor-
mative features of the physical signal, then identifying those
informative features will lead us to more precise hypotheses about
neuronal processing mechanisms.

In this study, we investigate which features of the whisker
movements are best suited for the discrimination of textures.
We use a hardware model of a whisker system as well as in
vivo measurements of rat whiskers. Applying a classification
algorithm to the power spectra of whisker movements, we
identify vibration features which could be extracted to support
optimal performance. This leads to a model of texture discrim-
ination that is, we argue, corroborated by recent electrophysi-
ological experiments (Arabzadeh et al. 2005).

METHODS

Hardware model

RECORDING SETUP. To probe textures, rodents actively move their
whiskers across them. We simulated this process using metal whiskers
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