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Abstract— 1t is possible to accurately recognize the shape of
an object or to grip it by setting soft tactile sensors on a robot’s
hands. We studied a multichannel soft tactile sensor as an
artificial hand and evaluated the pressure’s response
performance from several directions and the slipping and sliding
responses. The tactile sensor consisted of multiple pneumatic
sensors and a soft cap with a fingerprint structure that was made
of silicone gum and was separated from multiple spaces.
Evaluation tests showed that the multiple soft tactile sensors
estimate both an object’s contact force and its contact location.
Our tactile sensor also measured the object’s roughness by the
slide on surface texture.

I. INTRODUCTION

Recently, many kinds of robot hands have been developed
for medical, healthcare, and welfare application [1, 2]. These
robot hands must hold or grasp objects without damaging or
dropping them. To realize such behaviors, tactile sensors are
required to obtain the tactile information between the objects
and the robot fingers. Human fingers, on which robot hands
are modeled, have soft skin and many sensors under it obtain
the following data to detect textures: contact points, contact
pressure, and slipping motions. For these reasons, many tactile
sensors have been developed, and distribution patterned
tactile sensors are clearly effective for robot fingers. To
realize distributed tactile sensors, many kinds have been
developed, including a pressure sensitive electrical
conducting rubber type [3], a light wave guide type [4], and a
pressure sensitive ink type [S]. However, these tactile sensors
lack the flexibility of human fingers and it is not easy to detect
slipping or the surface texture of objects.

Flexible tactile sensors have also been developed using
flexible resin and strain gauges [6] and hyper elastic polymer
filled with silicone rubber [7]. Other tactile sensors were
developed using PVDF film [8] or piezoelectric elements [9]
mounted under the fingerprints to detect slipping. But since
the fingerprints were only built in one direction, slipping was
mainly detected in just one direction.

Based on the above literatures, we have developed a soft
tactile sensor that resembles a human hand. Our soft tactile
sensor, which has four pneumatic sensors (transduced
pressure to voltage) and a soft plastic cap made of silicone
resin. Our sensor also has an additional fingerprints printed on
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the soft plastic cap’s surface. This paper reports the angular
characteristics and the detectability of object textures.

II. TACTILE SENSOR DESIGN
2.1 Basic design of tactile sensors

A human finger consists of three phalanges, distal,
intermediate, and proximal, and three joints, the distal
interphalangeal (DIP), the proximal interphalangeal (PIP),
and the metacarpophalangeal (MP). We developed three types
of tactile sensors. Fig. 1 shows their structures. This soft
tactile sensor, which consist of four or six pneumatic sensors
(transduced applied pressure to voltage) and a soft plastic cap
made of silicone resin, not only detects the math pressure (add
four sensors data together) but also the applied pressure’s
direction. In this paper, the tactile sensor consisted of four
pneumatic sensors is described.

2.2 Tactile sensor
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and pressure

We developed a multichannel soft tactile sensor for a robot
hand and examined the pressure’s response performance from
several directions. The soft tactile sensor consisted of four
pneumatic sensors mounted on a circuit board and a soft
plastic cap made of silicone resin that was separated by four
spaces for four pneumatic sensors.
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The 7mmx7mm pneumatic sensor is an air pressure type
with an amplifier and a thermal compensator (Panasonic
ADP5120). Fig. 2 shows the relationship between the applied
pressure and the output voltage.

Figure 3 shows a tactile sensor with structures that
resemble fingerprints. The structure of the human fingerprint
is about 0.5 mm pitch at its width and 0.1mm at its depth [10].
The tactile sensor’s structure was 0.6 mm wide and 0.5 mm
deep. An aluminum die was made using a machining center.

Fig. 3 Tactile sensor having

structures similar to fingerprint
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Fig. 4 Tactile sensors

Figure 4 shows our tactile sensors. The soft tactile sensor
consisted of four pneumatic sensors that were mounted on a
circuit board and a soft plastic cap made of silicone resin that
was separated by four spaces for the four pneumatic sensors.

The pneumatic sensor was an air pressure type (Panasonic
ADP5120). The 1mm thick cap was made of silicone resin
(Shinetsu silicone KE-1300T), and its hardness was 40 (Type
A durometer). The partition was silicone resin (Shinetsu
silicone KE-1316) and its hardness was 23 (Type A
durometer). We designed the partition’s hardness lower than
that of the cap so to avoid disturbing the pressure
measurements from the outside. With this soft tactile sensor,
the robot hand can gently touch objects. We set the soft tactile
sensor on the distal phalange, and the other dummy soft tactile
sensors were set on the middle and proximal phalanges.

III. EXPERIMENTAL EVALUATION (1)
3.1 Experimental procedure

Figure 5 shows the experimental apparatus to obtain the
directional characteristics. A 10 x 10 mm Al board was
mounted on a load cell and pressed at 2N to the soft tactile
sensor. Each sensor was respond linearly form 0.05N to 7N.
Using the XYZ stage, we obtained angular distribution
characteristics from -15°to 15°were obtained. Figure 6 shows

the direction where the pressure was applied. The square
broken line shows the initial point.

Figure 7 shows the experimental procedure to obtain the
angular distribution characteristics using the same load cell.
The contact point was changed from -15°to 15°in 5°steps.

Load cell

Revolving stage XYZ stage

Fig. 5 Experimental apparatus to obtain
directional characteristics
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Fig.7 Experimental procedure of angular distribution

3.2 Experimental results (angular distribution)

Figure 8 shows the results. Fig.8 (a) shows the result
when pressure was applied at the wide direction, and Sensors
1 and 3 generated identical output and increased the reliance
on the applied angle. Sensors 2 and 4 generated the same
output and decreased the reliance on the applied angle. (b)
shows the result when the pressure was applied in the long
direction, and Sensors 1 and 3 generated identical output and
increased the reliance on the applied angle, and Sensors 2 and
4 generated identical output and decreased the reliance on the
applied angle. (c) shows the result when the pressure was
applied at the left diagonal direction. Sensors 1 and 4
generated the opposite output relying on the applied angle,
and Sensors 2 and 3 generated constant outputs. (d) shows the
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result when the pressure was applied in the right diagonal
direction, and Sensors 2, and 3 generated the opposite output
relying on the applied angle. Sensor 1 and 4 generated
constant outputs.
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Fig. 8 Output characteristics of each sensor

IV. EXPERIMENTAL EVALUATION (2)
4.1 Experimental procedure

Figure 9 shows the experimental apparatus and the object
(acrylic plate) for the slipping evaluations. A tactile sensor
was pressed against the acrylic plate at a constant pressure
(IN) that moved the acrylic plate at a constant speed. A linear
actuator (DRS28SB1G-03NKA Oriental motor) was used to
move the object and to trace the tactile sensor. The tracing
speeds were 5, 10, and 20 mm/sec, and transient response data
were obtained using LabVIEW software. The transient
condition was a stop motion for 1sec, a trace motion for 1sec,
and a stop motion 1sec.

Acrylic plate Tactile sensor

w

Acrylic plate

Linear actuator XYZ stage

Fig. 9 Experimental apparatus for slipping

4.2 Experimental results (slipping)

Figure 10 shows the experimental results obtained from
the tactile sensor. (a) shows the data for a tracing (forward
direction) speed of 10 mm/sec, and the responses of Sensorl
and 3 show the received compressive stress. The responses of
Sensor 2 and 4 show the received tensile stress. (b) shows the
data for a tracing (forward direction) speed of 20 mm/sec, and
the response was faster than (a). (c) shows the data for five
tracing (reverse direction) speeds of 20 mm/sec to obtain
reverse data. The data show that we detected both the slipping
time and the direction

4.3 Experimental results: (sliding)

Next we examined the detectability of the object’s
surface roughness. Figure 9 shows the experimental apparatus
and the object (acrylic plate for the sliding experiment). Its
surface had cyclic roughness (0.8 mm wave length). In this
experiment, a tactile sensor was pressed against the acrylic
plate at a constant pressure (1N) that moved the acrylic plate
at a constant speed. A linear actuator (DRS28SB1G-03NKA
Oriental motors) was used to move the object and to trace the
tactile sensor. The tracing speeds were 5, 10, and 20 mm/sec,
and transient response data were obtained using LabVIEW
software and by Fast Fourier Transformation (FFT). The
transient condition was a stop motion for 1sec, a trace motion
for 1sec, and a stop motion 1sec.

Figure 11 shows the power spectrum. (a) shows it for the
plane acrylic plate that had a peak at about 5 Hz. (b) and (c)
show the power spectrum for an acrylic plate that had a cyclic
roughness of an 0.8 mm wavelength and main peaks at 12.5
Hz for (b) and 25 Hz for (c). When Ais the wave length of the
acryl plate (mm) and v is the tracing speed (mm/s), these data
satisfied equation f= v/A or A=f/v. The power spectrum shows
the roughness of the surface of objects or their textures. In
other words, the roughness of the surface of objects will be
obtained by using the data of power spectrum and the tracing
speed.

V. CONCLUSION

We developed a soft multichannel tactile sensor that
resembled a human finger. This soft tactile sensor, which
consisted of four pneumatic sensors (transduced pressure to
voltage) and a soft plastic cap made of silicone resin, not only
detected the math pressure but also the pressure distribution.
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Fig. 10 Experimental results of each
pneumatic sensor

By measuring the angular distribution, these results show
that our tactile sensor obtained both the contact pressure and
the rough contact position. The data showed we can detect the
slipping time and the slipping direction. The power spectrum
shows the roughness of the surface of objects or their textures.
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