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Nonlinear Tactile Element to Sense Contact Force and Area

Takayuki HosHI* and Hiroyuki SHINODA*

In this paper, we propose a new tactile sensor element to realize practical robot skins. The element acquires
not only a contact force but also a contact area within its several-cm-sq. sensing area. By arraying the elements,
we can cover a large area with a small number of them, and collect rich tactile information. The structure of
the element is very simple; two layers of compressible insulators (urethane foam) which are sandwiched between
three pieces of stretchable conductive sheets (conductive fabric). The structure enables us to obtain the contact
force and area from the capacitances between the conductive layers. We also propose a method to connect the
elements with no long wires. Sensor/communication chips are arranged at the boundary of the elements. The
chips measure the capacitances between the conductive layers and send signals through the same layers.

Key Words: tactile sensor, robot skin, haptic interface, contact area, nonlinear elasticity
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Fig.1 Tactile sensor skin composed of proposed sensor ele-
ments. It is soft, stretchable, and capable of covering
a large area easily.
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Fig.2 Cross-section of sensor element prototype.
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Fig.3 Supposed surface stress distribution o(z,y).
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Fig.4 Relationship between surface stress ¢ and extension
ratio A\p,. The soft layer A1 is more easily compressed
than the hard layer Az.
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Fig.5 Relationship between contact force F' and capacitance
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mean the smallest, medium, and largest contact area,
respectively.
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Fig.6 Simulation results. Calculated AC; for various
(F,S)s. (E1 = 4.8 kPa) D is defined as D = 2,/S/w
to represent the diameter of S for a circular object.
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Fig.7 Simulation results. Calculated AC> for various

(F,S)s. (B2 =15 kPa)
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Fig.8 Simulation results. Calculated (ACi, AC2)s for vari-
ous (F,S)s.
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Fig.9 Photograph of sensor element prototype.
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Fig.10 Experimental results of basic performance. Measured
trajectories of (AC1, AC3)s for the stimulators A:
D =05 mm, B: D =10 mm, C: D = 20 mm, and
D: D =40 mm.
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Fig.11 Cross-section of sensor element on base with hemi-
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Fig.12 Experimental results on effect of surface configura-
tion. Measured trajectories of (AC1, AC3)s for the
stimulators A: D = 0.5 mm, B: D = 10 mm, C:
D =20 mm, and D: D = 40 mm.
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Fig.14 Experimental results on effect of contact position.
Measured trajectories of (AC1, AC2)s for the stimu-
lator B: D = 10 mm.
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Fig.15 Experimental results on effect of force direction.
Measured trajectories of (AC7, AC32)s for the stimu-
lator A: D = 0.5 mm.
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Fig.16 Experimental results on effect of viscoelasticity. Mea-
sured trajectories of (AC1, ACy)s for the stimulator
B: D =10 mm.
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Fig.17 Experimental results on reproducibility. Averaged
trajectories of (AC1,AC2)s for various (F,S)s with
error bars representing the maximal deviations.
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3.2.1 0000000
gobooooooobooboooooooooooooboo
gooobooocoooooboooooooooooobooooo
goooooboooooboooooooobooooobobooooo
3.2.2 00000000
goboooooooooooooobooooooooo
pgoboooooooobooooboooooooboooobooboooo
goobobcboooobouoobobooboobOobOoboooo
goooboobooooooboooooooooooboooo
goboooooooooooboooooooooboooooo
oo0ooOooooooUooo (o,3)0oooooooooo
gboboooooooooboboooooobooboooobooon
gobooocooooooooboooOooooooobooon
gooooooooooooo
gboooooooooooooboboobobooooo
goooooooooooooooooobooooooon
gooooooooooooooobooooooobobooo
gobooooooooooooooooooobooobooon
goooooooooboooooooooooooboon
gooooooooooooooooobobobbooooo
3.3 00O
goooooooooooooboooooboooboobo
goooOOoO0oO0O0O000000 Fig.200O0O00O0D0O0O0OO
C:.0C,00000Fig. 190 BOOOOODOOOOODODO
ooswOoopoopboo Gy 00O0O0O0O0O0O0O0SW
0O OFFOI0OO0DOONOODUOODOOOODOO Vou [V]

goooooooooboo

Vout (OFF) = %Vdd 0130

Ca
out(ON) = ——Fr—Fr— 0140
V. t(O ) Cl + 02 + Cref Vdd

0000 Ve O 8000 A/DOOCOUOODOOOOOO
gboobobooboboboobmomkomboooooooog
goc.0c,000000000000000000000
gboooobooooooooobooooooooooooon
3.4 00O LSIOOO
000000 Fig.2100000.35 um CMOS O OO0
gobooooooboooooboooOooooOobobooooooo

(b)

Fig.21 (a) Closeup top view of CMOS LSI chip. The size
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Fig. 22 Experimental results for operation check of prototype
of sensor /communication chip. Measured trajectories
of (AC1,AC>)s for the stimulators A: D = 10 mm,
B: D =20 mm, and C: D = 40 mm.
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ACl S

Fig. 23 Mapping from (AC1, AC3) to (F,S) for estimation.
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