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Abstract—Humanoid robots use tactile fingertips to perform
object manipulation. In this paper, an improved prototype of a
tactile capacitive fingertip for the hands of the humanoid robot
iCub is presented. In particular, a conductive silicone based
material has been used to improve the characteristics of the
capacitive sensor and an additional silicone foam layer has been
also introduced in the sensor architecture to prevent behavior
variation due to fingertip deterioration (e.g., caused by object
manipulation). A characterization of the fingertip sensing
behavior is presented. This work is funded by the European
Commission as part of the project ICT-FP7-231500 RoboSKIN.

I.  INTRODUCTION (HEADING 1)

Tactile and kinesthetic systems provide important
information to humans about their interaction with the world
[1]. Shape, roughness, first impact contact and position are
some examples of physical parameters. For the same reasons,
the development of reliable and stable tactile sensors endows
humanoid robots with the ability of interacting with the
external world. The use of sensors placed on robotic systems
capable of measuring variable contact forces and pressures
therefore becomes important both in research and real world
applications. Active object exploration by humanoid robots
leads to the development of tactile sensors which gives the
opportunity for object grasping and manipulation by the use of
robotic hand

In literature are already presents survey on the state of the
art of tactile systems [2] and current technologies available for
humanoid robot [3]. Therefore, example of robotic system
oriented to object grasping and manipulation are present in
[4-15].

As respect to the previous realization [16], in this work the
main optimization is the use of a different conductive silicone
and the introduction of one protection layer useful to increase
the lifetime of the sensor. In this paper architecture of the
sensor within performances characterization along a straight
line will be presented.

II.  FINGERTIP SENSOR ARCHITECTURE

The fingertip sensor consists of a PCB (with twelve flat
single electrode capacitance) wrapped around a plastic
support. The PCB includes twelve flat capacitance connected
to a programmable capacitance to digital converter (CDC
AD7147 from Analog Device [17]) also placed on the PCB.
The CDC measures and digitizes the values relative to the
variation of capacitors and then it sends them via I°C interface
to a microcontroller housed on the hand of the robot, this way
it is possible to reduce the number of wires used to connect the
sensor to the rest of the robot (two for the communication and
two for the power supply). In order to develop the tactile
sensor, the PCB is covered with three different layers (see
Figure 1):

e The first layer is made with a soft dielectric material
(Soma Foama 15 from Smooth-On). Mechanical
deformation of the soft dielectric material leads to
capacitance variations; therefore it is possible to detect
pressures applied on the fingertip.

e The second layer is made with a flexible electrically
conductive RTV silicone (SR8850-1 from Al
Technology INC). This allows the development of a
single ground plane above all electrodes placed on the
PCB thus enabling the detection of each type of object
(conductive and non conductive). This layer is
connected to the digital ground of the CDC by one flat
pad on the PCB.

e The third layer is made with a soft dielectric material
(Soma Foama 15 from Smooth-On); used such as
such as a protection thus intrinsically increases the
lifetime of the fingertip sensor.
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Figure 1. Schematic section of the new architecture proposed for the

development of the fingertip of iCub humanoid.

Figure 2 show photos of the fingertip during its production
steps. In order to strengthen the adhesion between the
conductive layer and the PCB pad, after the development of
the first dielectric layer a gasket wire is soldered on the pad
and then glued on the dielectric (see Figure 2.A). Therefore, a
small conductive silicone is vulcanized at room temperature
(see Figure 2.B) for 24 hours and then the last layer is
developed (see Figure 2.C).

SMD parts included on the PCB of the fingertip sensor are
subsequently covered by a fingernail [REF] when placed on
the iCub Robot, whereas for static characterization on the test
setup a dedicated support is used (see Figure 3).

III.  FINGERTIP SENSOR CHARACTERIZATION

A. The characterization setup

The characterization setup consists of a cartesian robot
(TT-C3-2020 from IAI) which moves one non-conductive
probe against the fingertip. The non-conductive probe is fixed
at the top of an off-center load cell (AS1 form Laumas) which
measures independently the force applied to the fingertip by
the probe during the test. A microcontroller records the CDC
output and the load cell circuit output. Therefore the Data are
stored in a computer by a dedicated graphic user interface
made in Matlab®.

In this paper we present the sensor characteristics when it
is excited along a straight line by different pressures.

B.  Characterization protocol

e One non-conductive probe of 4 mm diameter has been
used. By the use of the Cartesian robot the non
conductive probe applied different pressures to 13
positions on the fingertip separated by 0.5 mm and
along a 6 mm long straight line (see Figure 3).

e In each position 16 different pressures have been
applied to the fingertip by vertical displacement of the
non —conductive probe.

e FEach pressure has been applied for 2 seconds, with
intervals of 10 seconds.

e In order to investigate sensor repeatability, the whole
sequence has been repeated five times. It must be
observed that, along the straight line the probe is
perpendicular to the fingertip.

C

Figure 2. Photos of the fingertip during the production process; A) after the
development of the first layer. B) after the development of the second layer.
C) After the development of the protection layer.



Figure 3. Fingertip sensor placed on the support used for measurements
toghether with a pictorial representation of the straight line where
measurements have been taken.

C. Data elaboration

Only the steady-state responses at external pressures of the
sensor have been taking into account during post elaboration.
Data elaboration have shown that the movement of the probe
along that straight line stimulates only two capacitors of the
fingertip, indicated with C1 and C2 (see Figure 3); therefore
the post processing is related only to them.

Figure 4 shows the steady-state response of C1 and C2 at
1 mm position. It is possible to observe a non linear trend of
the capacitor variation as a function of the applied pressure.
Therefore, the least squares method has been used to fit a
polynomial model on each steady state response (norm of
residual indicates 4th polynomial model order) at each
position. Polynomial functions thus obtained were used to
calculate the variation of capacitors C1 and C2 due to a fixed
pressure as a function of position along the measurement line.

Results are presented in Figure 5 and Figure 6 report the
variation of capacitors as a function of the probe position for
two different pressure values of 50kPa and 100kPa.
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Figure 4. C1 and C2 steady-state response at 1 mm position point of the
straight line of measurement.
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Figure 5.

C1 and C2 variation as a function of different position of probe. The pressure applied by the probe is 50kPa.
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Figure 6. C1 and C2 variation as a function of different position of probe. The pressure applied by the probe is 100kPa.
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