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FIGURE 4 | Individual trial (A) on a periodic grating of spatial period

λ = 0.8 mm and (B) on a sandpaper P240: evolution of normal

force NF, tangential force TF, velocity of the finger v and spectrum

of the sound over time. tslip corresponds to the onset of the slip.

The gray box corresponds to the slipping phase. The spectrogram
(lower part) was computed on 50 ms time windows and
every 5 ms. Color represents logarithm of the power
spectrum.
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FIGURE 5 | Periodic stimuli: relationship between the speed of the

finger and the frequency of the peak intensity of the spectrum for one

individual subject. Each stimulus spatial period λ) is represented by a
different color: λ = 0.16 mm (magenta), λ = 0.24 mm (green), λ = 0.4 mm
(red), λ = 0.8 mm (blue) and λ = 1.6 mm (gray). Continuous lines are
theoretical slopes (f = 1

λ
· v).

pressure is uniform (the wave length of the vibrations is more
than 30 cm at 1 kHz), the skin average displacement over the sur-
face of the belt aperture was of the order of 0.3 µm (see Table 5).
For periodic stimuli, a two ways ANOVA (no interaction term)
revealed a significant effect of NF (p < 0.001) but not of veloc-
ity on the vibrations magnitude. The larger the force, the more
intense was the vibration. A linear regression revealed a signifi-
cant slope of 0.13 of the logarithm of intensity as a function of
the NF. For sandpapers, we found no effect of velocity.

The logarithm of the intensity is plotted on Figure 7 as a
function of the five stimuli’s spatial period (A–C) and the three
sandpaper’s grit size (B–D). The range of RMS values varied
a lot across subjects. Before pooling the data of all subjects,
the data of each individual were normalized with respect to a
specific condition: λ = 0.4, NF = 2 N and v = 100 mm/s for
periodic stimuli and P240, NF = 1 N and v = 100 mm/s for
sandpapers. Normalization factors are shown in Table 5 for each
subject.

Figure 7 presents data for all speeds and forces pooled together
in black lines. The effect of NF (Figures 7A,B) and finger velocity
(Figures 7C,D) is shown in colored lines. For periodic stimuli, the
logarithm of the RMS magnitude increased linearly with the log-
arithm of the spatial period (slope = 0.24, p < 0.001, all forces
pooled). The slope was significant for each level of force sepa-
rately (p = 0.029, p < 0.001, and p = 0.003 for NF equal to 1, 2,
and 4 N, respectively). There was a significant pair wise difference
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