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Abstract. In the field of tactile displays, electrostatic force displays
have been developed for presenting tactile stimulation on a screen. How-
ever, with the conventional electrostatic force displays, the user cannot
feel the stimulation without rubbing on the display. In this paper, to
solve this problem, we propose a new method to present a tactile sen-
sation without moving a finger by creating a small space between an
electrode and an insulating surface. Moreover, we evaluate the perceived
threshold of the proposed display through the experiment.

Keywords: Electrostatic tactile display · Passive touch · Conductive
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1 Introduction

In the field of tactile displays, electrostatic force displays have been developed
for presenting tactile stimulation on a screen. The electrostatic tactile display
consists of a high-voltage generator, an electrode, and an insulator. In this
method, the user touches the insulating film on the electrode. If high voltage
is applied to the electrode, he/she feels the tactile stimulation by rubbing on
the film. In the 1950s, Mallinckrodt et al. discovered that a phenomenon such
as vibration-like friction was generated through an insulating film by electro-
static force [5]. Related surveys, dealing with parameters like the effect of input
frequencies, waveforms, or amplitude modulations were conducted by many
researchers [1,3,4,7,9].

However, in this method, the tactile stimulation is not presented when the
user stops moving the finger, and there is little research on displaying the method
by passive touch with an electrostatic tactile display. Pyo et al. developed the
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tactile display, which generates electrovibration and mechanical vibration by
using the electrostatic parallel plate actuator [6]. This device enables passive
touch with electrostatic force, however, it requires a voltage higher than 1 kV.

In this paper, we propose a new method to present tactile sensation with-
out moving a finger; we also implement and evaluate a device applying the
proposed method. If passive tactile presentation becomes possible by this tech-
nique, the range of applications of tactile presentation using electrostatic force
will be widely expanded.

2 Implementation of Device for Passive Touch
with Electrostatic Tactile Display

The electrostatic tactile display consists of a high-voltage generator, an electrode,
and an insulator. In the conventional method, an insulating film covers a flat
electrode shown in Fig. 1 (a), and a user moves his/her finger on the insulator.
When a high voltage is applied to the electrode, the dielectric polarization is
generated in the finger. In this state, the electrode applies an attractive static
force to the finger. When the user slides his/her finger on the display, s/he feels
a tactile stimulation. However, when the user does not slide his/her finger on
the display, s/he cannot perceive the tactile sensation.

Here, we proposed a method that employs a parallel-plate electrostatic actu-
ator mechanism [2,6] for displaying tactile stimulation to a stationary finger
without significantly changing the configuration of the electrostatic tactile dis-
play. Figure 1 (b) shows the schematic sketch of the parallel-plate electrostatic
actuator to generate mechanical vibration. The stationary electrode and non-
stationary electrode are set in parallel. When high-voltage is applied to the sta-
tionary electrode, the attractive electrostatic force occurs on the non-stationary
electrode. We considered that a passive tactile presentation was possible by
adopting Pyo et al.’s method [6]. The finger is considered as the non-stationary
electrode. We created a small space by using cylindrical electrodes, which have a
small diameter, such as a conductive thread or wire, as shown in Fig. 1 (c, d). In
this paper, we used 120 μm diameter stainless steel fiber as a conductive thread.
These threads were arranged lengthwise without any gaps between them on PET
resin (Fig. 2 (b)). The width of these threads arranged is 25 mm to allow enough
space for one finger. All of these threads are conductive. They are connected to
the high voltage generator. Then, we covered them with a polyvinylidene chlo-
ride insulation film. This insulating film is inexpensive and easy to replace. The
thickness of this insulating film is 11 µm.

We considered that the slight vibration of the insulating film and finger sur-
face became possible by applying periodic high-voltage from the high-voltage
generator to the cylindrical electrode, and the vibration could be perceived
by the finger. The high-voltage generator shown in Fig. 2 (c) is developed by
Kajimoto laboratory (The University of Electro-Communications, Tokyo). The
device includes an mbed LPC1768 microcontroller, which controls the output
voltage at a maximum of 600 V by modifying the firmware.
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Fig. 1. (a) Conventional electrostatic tactile display: An insulating film is placed on
a flat electrode. (b) Schematic sketch of the parallel plate electrostatic actuator [2,6].
(c) Proposed method: A soft insulating film is placed on a nonplanar electrode, such
as a conductive thread or wire. (d) Enlarged view of finger surface with the proposed
method.

Fig. 2. (a) Overview of our display device, (b) a conductive thread arranged lengthwise
and (c) the high-voltage generator.
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3 Evaluation Experiment of Proposed Method

We held an evaluation experiment to explore whether it is possible to feel tactile
stimulation with the proposed method. Thresholds of the voltage amplitude
at which the user feels the tactile sensation for various input waveforms were
investigated. In this manner, we can confirm the input waveform that displays
tactile sensation and how the voltage threshold changes in each input waveform.

3.1 Evaluation Method Using Method of Constant Stimuli

In this experiment, we investigated the perception thresholds of each voltage
amplitude by using constant stimuli. As shown in Fig. 3 (a), we prepared three
waveforms: sine wave, square wave, and a delta function that occurs periodi-
cally. Then we changed the voltage amplitude of these waveforms and asked the
participants to answer whether they felt the stimulus presented on the tactile
display. After collecting evaluation results from the participants, we calculated
the perceived tactile sensation (vertical axis of Fig. 3 (b)) and psychometric func-
tion with voltage amplitude on the horizontal axis. This function is calculated by
approximating the logistic curve shown in the following equation to the perceived
tactile sensation in each voltage amplitude.

R =
1

1 + ae−bv
(1)

R shows the perceived tactile sensation, v shows a voltage amplitude, a and
b show constant parameters. By using this function, we estimate the threshold
voltage at which the user feels the tactile sensation. In this experiment, a voltage
where the psychometric function went across 50% of the perception rate was
set as a threshold. An example of a psychometric function obtained from the
averaged results of all participants was shown in Fig. 3 (b). By calculating the
thresholds of every waveform and frequency of the input waves, we can estimate
the trend of the voltage thresholds.
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Fig. 3. (a) Three prepared waveforms and (b) an example of a psychometric function.
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3.2 Outline of Evaluation Experiment

We conducted an evaluation experiment of constant stimuli with 9 university
students (2 female), 22 to 25 years old.

We prepared the display device, a personal computer, a polyethylene tereph-
thalate (PET) resin stand, and a pressure sensor (FSR406) for the experiment.
The display device is put on the PET resin stand to isolate it from the floor and
to make it easier to place the finger. The pressure sensor is installed under the
PET resin stand (Fig. 2 (a)) to measure the pressing force of the finger. We fed
back the value of the pressure sensor to the participants via an LCD monitor
and instructed them to keep it constant.

We prepared three waveforms and 10 types of dominant frequencies from 10
Hz to 630 Hz of each waveform. Furthermore, we prepared 9 voltage amplitudes
from 200 V to 600 V for calculating the voltage threshold, and each condition
was displayed ten times. These conditions were selected in random order. In
addition, we investigated whether the voltage threshold changes by the difference
of the pressing force of the finger. The participants were requested to perform
the experiments under the conditions of a weaker pressing force (between 35 gf
and 44 gf) and a stronger one (between 75 gf and 84 gf). From these conditions,
participants conducted 5400 trials evaluation (3 waveforms × 10 frequencies ×
9 amplitudes × 2 pressure × 10 trials for each condition).

First of all, we explained the outline of the experiment and obtained written
informed consent for participation in the study (based on ethical guidelines of
University of Tsukuba) from all participants. For masking the external sound,
white noise was applied to participants using a headphone during the experi-
ment. We instructed them to place their right index finger on the display device
and to keep the pressure condition during the experiment. After a waveform was
inputted to the display device, participants were instructed to select either “feel
something” or “feel nothing” by using the installed keyboard. After participants
finished the evaluation with all the waveforms, we instructed them to keep the
other pressure condition and repeat the evaluation. 5-minute breaks were taken
three times during the experiment. After the experiment, we collected the par-
ticipants’ answers and calculated a voltage threshold for each input waveform.

3.3 Results and Discussion

The results of the evaluation experiment are shown in Fig. 4 and Fig. 5. The
horizontal axis of these graphs shows the frequency of the input waveform. The
blue line indicates the condition of a weaker pressure, and the orange line indi-
cates the condition of a stronger pressure in these graphs. Figure 4 shows the
number of participants who perceived some tactile sensation for each input wave-
form. Figure 5 shows the result of the voltage thresholds in each input waveform.
These thresholds are derived from the intersection of the 50% line and the logis-
tic curve. From Fig. 4 and Fig. 5, we observed that most of the participants could
perceive the displayed tactile sensation in all conditions of square waves and lim-
ited frequency conditions of sine waves or delta functions. From the result, the
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Fig. 4. Results of the number of participants who feel tactile sensation for each input
waveform. (Color figure online)

Fig. 5. Results of the threshold of voltage amplitude for each input waveform.

availability of the tactile display without moving a finger is confirmed by using
our proposed method. Furthermore, the voltage thresholds are observed to be
less than 500 V in most waveforms. In addition, we found the following two
characteristics; the evaluation results differed according to the pressing force,
and the outline of the graph differed according to the waveform.

Regarding the voltage thresholds, the results of 350 V to 500 V are very high
compared to general tactile display devices. However, it is possible to reduce the
voltage thresholds by making the insulation film thinner, and the advantage of
this method is that there is almost no current flow and power at the display side.
Then, it is possible to install many tactile displays or large area tactile displays.
Therefore, even if a high voltage is required, we consider that this method of
tactile presentation is effective for some specified applications.

Regarding the pressing force, we confirmed that the evaluation result dif-
fers depending on the pressing force. In Fig. 4, there is a significant difference
in the number of participants who perceived the tactile sensation between the
two pressing conditions in the sine waves and delta function. From Fig. 4, we
observe that the number of participants who perceived the tactile sensation is
larger under the weak pressure condition than that of under the strong pressure
condition in most sine waves and delta functions. Most participants perceived
the tactile sensation under both conditions in the square waves. In Fig. 5, there
was a significant difference between the two pressure conditions at all waveforms.
Furthermore, the averaged voltage threshold appeared to be smaller under the
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weak pressure condition than that under the strong pressure condition in all of
the square waves, some sine waves and some delta function. We considered that
the factor of this result is based on the ratio between the pressing force of the
finger and a just noticeable difference. We focused on Weber’s law and showed
it in the following equation.

ΔR

R
= Const (2)

where ΔR is a just noticeable difference in the tactile sensation, and R is a press-
ing force in this evaluation experiment. From Eq. (2), the more pressing force,
the more a difference of perceived amount is needed. Therefore, we considered
that the threshold of input voltage amplitude had to be high for decreasing a
just noticeable difference when the pressing force was strong.

Regarding the trend difference of graphs between waveforms (Fig. 4), when
square waves were displayed, most of the participants could perceive the dis-
played tactile sensation. However, the participants could not perceive the tactile
sensation in some frequencies of sine waves and delta functions. As seen in Fig. 5,
the graphs in the case of sine and square waves are downward convex with the
minimum value around 200 Hz. The graph in the case of the delta function is
gentle and upward right. The reason for the shapes is considered to be related to
the frequency components of each input waveform and the frequency responses
of human mechanoreceptors. Vardar et al. investigated how displayed waveforms
affect haptic perceptions of vibration under electrostatic tactile display [8]. Then
they observed that the participants were more sensitive to square wave stimuli
than sine-wave stimuli for a dominant frequency lower than 60 Hz. Furthermore,
they discussed that a low dominant frequency square wave still contains high-
frequency components that stimulate the Pacinian channel. Our experimental
results were similar to the results of theirs; voltage thresholds are higher in the
case of sine wave stimuli than in the case of square one under 40 Hz frequencies.
In the case of the delta function, these waves have many frequency components,
however, they are smaller in amplitude than the other two waveforms. This
could be because the waveforms did not have sufficient amplitude to stimulate
mechanoreceptors at low dominant frequencies.

4 Conclusions

In this paper, we proposed a method that can display tactile stimulation with-
out moving a finger with an electrostatic tactile display, and we conducted an
evaluation experiment. The proposed method is based on the vibration of a thin
insulating film, which is realized by creating a small space between the electrode
and the insulator. We use a conductive thread as an electrode and place a plas-
tic film on the conductive thread. We explored whether the user can feel tactile
stimulations under several conditions. We collected the evaluation results of the
participants under the conditions of waveforms, frequencies and pressing forces,
and calculated the voltage threshold. From the results, the possibility of a tactile
display without moving a finger is confirmed by using our proposed method.
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Besides, we also revealed the following fact: the evaluation results differed
according to the pressing force and the outline of the graph differed according
to the waveform. Regarding the pressing force of the finger, we considered that
the ratio between the pressing force and the suction force induce the difference
of perceptibility. Regarding the difference in the shapes of the graphs, we con-
sidered that the frequency components of the input waveform and the frequency
responses of mechanoreceptors is the reason.

In the near future, we plan to clarify the modeling of tactile perception
using our proposed method and the difference in the width of tactile expression
compared with the conventional method. Further, we will perform more precise
experiments to observe the physical phenomenon between the surface of the
finger and the display.
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which permits use, sharing, adaptation, distribution and reproduction in any medium
or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were
made.

The images or other third party material in this chapter are included in the
chapter’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the chapter’s Creative Commons license and
your intended use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright holder.
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