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Robot hand with soft tactile sensors and underactuated control

H. Tsutsui, Y. Murashima, N. Honma, K. Akazawa

Abstract— We developed a robot hand with three fingers and
controlled them using underactuated control to obtain a more
flexible grip. With underactuated control, we can flexibly
operate an artificial robot hand and reduce the number of
actuators. The robot fingers had three joints to imitate human
fingers. One finger was driven by one wire and one servo motor
for bending and by three torsion springs for extension. We also
developed a soft tactile sensor having three pneumatic sensors
and mounted it on front of each robot fingers. We obtained the
following information from our experimental examinations of
the robot hand. It adaptively grasped an object by
underactuated control. The soft tactile sensor deftly touched an
object, and the data showed the contact position with. By
analyzing the data from tactile sensors, we obtained the rough
information of the object’s shape.

1. INTRODUCTION

Since human hands have great flexibility and superior
tactile sensors, they can perform accurate and quick
operations. By exploiting this advantage, many kinds of both
robot and artificial hands have been developed that can done
complicated motions [1-6]. In these papers underactuated
control has been applied to adaptively grip an object with
fewer actuators than joints [7-11]. In addition, many kinds of
tactile or haptic sensors have been developed [12-16]. Haptic
interfaces have also been researched to directly transmit the
force or tactile sense to human hands or brains. But almost of
all tactile sensors were not so soft as compared with human
fingers.

Based on the above literatures, we developed an artificial
hand that was simply operated by underactuated control and
could adaptively grip an object. This robot hand had the
following two characteristics. First, each of its fingers was
managed using underactuated control. Only one servomotor
and one wire were applied for bending a finger, and three
torsion springs were fit to each joint and applied to extend the
fingers. An appropriate value of each spring constant was
selected to smoothly move the fingers. The second
characteristic was that each finger has a soft tactile sensor that
resembles a human hand. This soft tactile sensor, which
consisted of three pneumatic sensors (transduce pressure to
voltage) and a soft plastic cap made of silicone resin, detected
not only the math pressure but also the pressure’s direction.
With these two characteristics, the robot hand adaptively
grasped various shapes, and an adaptive handle for firm, soft,
heavy, and light variations was enabled.
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II. ROBOT HAND DESIGN

2.1 BASIC DESIGN OF ROBOT HAND

The robot hand’s structure consists of three fingers; a
forefinger, a middle finger, and a thumb, (Fig. 1). We placed
tactile sensors on each finger of the robot hand. A finger
consists of three phalanges, distal, intermediate, and proximal,
and three joints, distal interphalangeal (DIP) joint, proximal
interphalangeal (PIP) joint, and metacarpophalangeal (MP)
joint. Since the forefinger and the thumb face each other, the
robot hand can smoothly grip an object. The robot finger’s
length is based on the human finger. We set the three
phalanges at the following distances: distal phalange, 30 mm,
intermediate phalange, 36 mm, and proximal phalange, 46
mm.

The robot hand has three phalanges and three joints for
each finger. Each joint is bent by winding a wire located on the
left and right sides of the finger and is extended by a torsion
spring that is attached to each joint. Fig. 2 shows the
schematics of the robot hand and the torsion springs.

Underactuating control enables bending and extension
simply by winding or slackening a wire. To select the value of
the spring constants, which are higher for the DIP joint and
lower for the MP joint, the hand can bend and grip an object
smoothly using only one servo motor for one finger. Fig. 3
shows the schematics of the wire drive method, and Fig. 4
shows the finger’s movement by winding a wire.
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Fig.1 Photograph of robot hand
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Fig.3 Schematics of wire drive
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Fig.4 Schematics of bending movement of fingers

2.2 Tactile sensor

A robot can recognize an object’s shape or grip adaptively
if we put a soft tactile sensor on its fingers. We developed a
multichannel soft tactile sensor for a robot hand and examined
the response performance of the pressure from several
directions. The soft tactile sensor consisted of three pneumatic
sensors that were mounted on a circuit board and a soft plastic
cap made of silicone resin that was separated from three
spaces for three pneumatic sensors. The pneumatic sensor was
an air pressure sensor (Panasonic ADP5120). The 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 of lower than that of the cap so that it did not disturb
the pressure measurement from the outside. With this soft
tactile sensor, the robot hand can softly contact the object. The
soft tactile sensor was set on the distal phalange, and the other
dummy soft tactile sensors were set on the middle and
proximal phalanges.

Figure 5 shows a soft tactile sensor with three pneumatic
sensors and silicone cap, and a circuit board that is used for a

base plate of this soft tactile sensor. Fig. 6 shows the output
results when pressure was applied at three points. The blue
line shows the result when the pressure was applied on the
fingertip side, the red line shows the result when the pressure
was applied at the middle, and the green line shows the result
when the pressure was applied on the bottom. We did the
measurement as follows. We mounted al0 mm x 10 mm Al
board on a road cell that was pressed at 2N to the soft tactile
sensor that measured the output of pneumatic sensors 1, 2 and
3. When the pressure was applied on the upper side (blue line),
it showed a big value from sensor 1. When the pressure was
applied on the middle side (red line), it showed about the same
value. When the pressure was applied on the bottom (green
line), it showed a big value from sensors 2 and 3. The tactile
sensor obtained not only the contact pressure but also the
rough contact position.
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Fig.6 Detected pressure distribution

Figure 7 shows the experimental procedure to obtain the
angular distribution characteristics using the same road cell.
The contact point was changed from -15° to 15° in5° step.
Fig. 8 shows the results. The broken yellow lines of the left
side show the contact areas of the road cell. (a) shows the
result when the pressure was applied at the fingertip, and only
sensor 1 generated approximately constant output without
relying on the applied angle. (b) shows the result when the
pressure was applied to the middle side. Sensors 2 and 3
generated output the relying on the applied angle, and sensor 1
generated approximately constant output and approximately
constant output and without relying on the applied angle. (c)
shows the result when the pressure was applied on the bottom.
Sensors2, 3 generated output that relied on the applied angle,
and sensor 1 did not generate any output. These results show
that the tactile sensor not only obtained the contact pressure
but also the rough contact position.
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Fig.8 Angular characteristics of tactile sensor

2.3 Control of robot hand Equations

The robot hand must be controlled strongly to grip a heavy
object and deftly to grip a light and/or soft object using the
data from the tactile sensors. When the grasping level was set
up, each finger of the robot hand was bent in the order of the
MP joint, the PIP joint and the DIP joint until the output of the
tactile sensor exceeded or equal the grasping level. Fig. 9
shows the program’s flowchart that consisted of two parts;
myogenic potential control and grasping control. The control
of the robot hand consists of the electromyography (EMQG)
control and the grasping control. The signal of EMG is
obtained from lower arm. The signal is processed using
rectification and smoothing. After processed, if the data
become Larger than threshold level, the control is reveled up
to the grasping control stage. The program of this control was
designed using LabVIEW soft program.

In this paper, we focus on grasping control. In Fig. 9, F
shows the grasping level set up previously and F1 shows the
measured value, which is combined values of sensors 1, 2, and
3. Comparing F1 and F, each finger gradually grips an object
so that F1 = F. Because this finger is managed by
underactuated control, the proximal phalange makes contact
with an object earlier, and the PIP and the DIP joints bent in
turn, to smoothly grasp the object. In this experiment, we
examined the second part of the program. If F1 < F,
servomotor is operate to grasp by one step and the contact

pressure is measured. Then if F1>F, servomotor operates to
open by one step and the contact pressure is measured. This
control is continued until F1=F and proper grip will be
established.
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Fig. 9 Flowchart of finger control
III. GRASPING EXPERIMENT

NO (F1<F)

A

YES

Proper grasp

The robot hand had three fingers, and each finger had one
tactile sensor and dummy sensors. The experimental objects
were a ¢ 60 mm cylinder waiting 52 g, a rectangular a 60 mm
square weighting 113g, a ¢ 50 mm sphere weighting 140 g,
and a truncated cone, ¢ 60 mm at top and ¢ 30 mm at the
bottom, weighing 66 g. Fig. 10 to 13 shows the experimental
results. Fig. 10 shows a cylinder being grasped and the output
data. The data of each tactile sensor were similar, and the
graph shows that each tactile sensor touched the object’s
bottom. Fig. 11 shows the output data for grasping a square
object. The forefinger and middle finger data were similar, but
the thumb data were different, indicating that the thumb
touched the inside. Fig. 12 shows the output data for grasping
a sphere; the center of the object was inside of each finger.
Fig. 13 shows the output data for grasping a truncated cone,
indicating that the object was a cone that was narrowing in on
the middle finger side. The robot hand adaptively grasped
different objects and estimated their shapes by analyzing the
data obtained from tactile sensors.
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IV. CONCLUSION

We developed a robot hand. The robot hand had three
robot fingers. Each robot finger had a soft tactile sensor that
was constructed with three pneumatic sensors and a soft
plastic cap made of silicone resin that was separated from
multiple spaces. The robot hand had three fingers and was
driven by underactuated control. We examined our robot hand
and obtained following information.

This robot hand adaptively grasped an object using
underactuated control and only required one servo motor for
each finger.

The soft tactile sensor deftly touched an object, and the
output data not only showed the contact pressure but also the
contact position of an object and the robot fingers. Using the
grasping level set up previously, the robot hand grasped an

object with suitable strength.

By analyzing the data from the tactile sensors, we obtained
rough information of object’s shape.
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