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Abstract— Hyperacuity is a general aspect of animal perception that uses the population response across overlapping
sensory receptors to perceive at higher acuity than the sensor
resolution. Following a recent demonstration of hyperacuity in
robot touch [1], we here demonstrate hyperacuity for both a
biomimetic fingertip and a region of tactile skin. Our study
clarifies some design principles that improve tactile perception.

Fig. 1.

Construction of tactile sensor shaped like a human fingertip.

I. INTRODUCTION
Although hyperacuity is most widely studied in vision, it
also occurs for touch and audition, and may be considered
a general aspect of human/animal perception. For example,
Braille reading involves perceiving spatial patterns of a finer
resolution than the spacing between touch receptors in the
fingertips [1]. Thus, nature has discovered design principles
that allow perceptual systems to operate at finer acuity than
might be expected from the receptor density. These principles
give lessons for robotics when optimizing sensor accuracy.
In a recent study, we gave the first demonstration of hyperacuity in robot touch [2] using a biomimetic fingertip [3]
constructed for the iCub robot [4]. Here we follow that study
by showing hyperacuity over a region of tactile robot skin,
and also present an improved dataset for validating hyperacuity on the fingertip. We conclude by discussing the design
principles necessary to achieve hyperacuity. These principles
represent good practice for optimizing sensor acuity while
keeping within manufacturing and cost constraints.
II. METHODS
Data collection: Two tactile sensors were used to gather
data [3]: (i) a fingertip-shaped sensor of dimensions 1.5 mm
long by 13 mm wide (Fig. 1); and (ii) a flat region of tactile
skin approximately 60 mm wide (Fig. 2). These sensors were
designed as a fingertip and palm sensor for the iCub humanoid robot [4], and utilize a capacitive sensing technology
for pressure over multiple taxels [3]. The present experiments
test their position sensing capabilities with a Cartesian robot
designed to probe the acuity of tactile sensors [5] (test stand
for experiments shown in [2, Fig. 1] and [6, Fig. 1]). Fingertip sensor data was collected by tapping briefly (0.1 sec)
against a smooth metal rod (dia. 4 mm) while moving the
fingertip gradually with 1600 taps spanning a 16 mm range of
positions (Fig. 3). Skin sensor data was collected by tapping
the sensor with a metal probe (dia. 4 mm) while moving the
probe so that 800 taps span a 40 mm position range (Fig. 4).
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Fig. 2.

Construction of area of tactile skin for the palm of a robot hand.

Data analysis: We used a Bayesian perception method
for classifying position that relates to sequential analysis
models of perceptual decision making in neuroscience and
psychology [7], [8], and has been applied successfully to
robot tactile perception [2], [9], [10], [11], [6]. The method
implements a recursive Bayesian update of the beliefs for
each perceptual class (here position) until reaching decision
threshold. The likelihoods for the position classes, here
every 1 mm, were constructed from training data, and then
the Bayesian classifier was applied to distinct test data to
assess real-time performance. A Monte Carlo method (1000
iterations per data point in Fig. 5) gave accurate statistics
on the mean absolute errors and reaction times. Further
methodological details can be found in the above citations.
III. RESULTS
Inspection of raw data: For the fingertip (Fig. 3), at the
beginning of the data set only the taxels at its base are
in contact, then the middle taxels and finally the taxels at
its tip. Each taxel has a broad, Gaussian-shaped receptive
field about 8 mm across with centers spaced about every
4 mm. For the palm (Fig. 4), a similar pattern of taxel
activations is also apparent, with contacts initially starting
to the left of the palm and moving across to the right. The
broad overlapping Gaussian-shaped receptive fields are now
around 16 mm diameter with centers about every 5 mm. For
both the fingertip and palm, the geometry of the overlapping
receptive fields implies that multiple taxels will be activated
simultaneously. Thus, the hardware construction implies that
stimuli will be coarse-coded over multiple sensor outputs.
Classification results: The Bayesian perception method
was applied to both the fingertip and palm data. Position
acuity for the fingertip reached approximately 0.3 mm for 10
taps and for the palm approximately 0.5 mm, estimated from

Fig. 3. Tactile data recorded as the fingertip taps against a test rod (dia. 4 mm) at constant rate of 1 tap/second, with 0.01 mm move across the rod after
every tap to span a 16 mm range of positions. Taxels are represented in distinct colors depending on the taxel position shown on the diagram to the right.

Fig. 4. Tactile data recorded as the tip of a rod (dia. 4 mm) taps against the area of tactile skin at constant rate of 1 tap/second, with 0.05 mm movement
after every tap to span a 40 mm range of positions. The color coding of the taxels by their location is shown on the diagram to the right.

the mean absolute errors of the classified positions (Fig. 5).
Given that the taxel spacing for the fingertip and palm
is approximately 4 mm and 5 mm respectively, both tactile
sensors demonstrate hyperacuity with an approximately tenfold improvement over taxel resolution.

be an efficient way of improving sensor accuracy. In general,
sensors should be able to achieve hyperacuity if they have
multiple, overlapping, broad but sensitive receptive fields. We
envisage that these design principles should become central
to the construction of cheap and accurate tactile sensors .

IV. DISCUSSION
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Fig. 5. Position acuity against mean reaction time for: (A) fingertip; (B)
palm area of tactile skin. Results implicitly depend on a decision threshold.

