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ABSTRACT
We propose a tactile element that can generate both an elec-
trostatic force and an electrostimulus, and can be used to pro-
vide tactile feedback on a wide area of human skin such as the
palm of the hand. Touching the flat surface through the our
proposed tactile element allow the user to feel both uneven
and rough textures. In addition, the element can be fabri-
cated using double-sided inkjet printing with conductive ink.
Use of a flexible substrate, such as a PET film or paper, al-
lows the user to design a free-formed tactile element. In this
demonstration, we describe the implementation of the pro-
posed stimuli element and show examples of applications.
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INTRODUCTION
In recent years, a large number of studies have been con-
ducted about haptic displays, which can provide tactile sen-
sation to the user. Haptic displays for virtual reality (VR)
applications have especially received a great deal of atten-
tion.Various tactile sensations for human hands have been
considered such as frictional haptics (ultrasonic [6], tension
control with wire [2], or electrostatic tactile [3]) and vibra-
tion haptics (mechanical vibration [9] or electrical stimulus
[5]).

Humans perceive tactile feedback from the four types
mechanoreceptors in the skin．These cells are distributed
throughout the skin and, in order to provide a realistic ex-
perience, it is necessary to present multiple stimuli to a large
area of skin [1].
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Figure 1. Printed tactile devices: (a) VR glove, (b) adding tactile feed-
back to a binarized image, and (c) tangible user interface with tactile
feedback.

Several groups have developed tactile displays for multiple
stimuli. Yem et al. proposed a “FinGAR”[10] that can pro-
vide selective stimulation of four modes on the finger tips
with a combination of mechanical vibrations and electrical
stimuli. They conducted a study to evaluate the ability of
their device to reproduce sensations of four tactile feedbacks.
Pyo et al. developed a surface display that can generate both
electrovibrations and mechanical vibrations [8].

Previous studies considered to generate haptics feedback to a
specific part of the human skin such as finger tips [8, 10]. In
contrast to these studies, we aimed to generate multiple stim-
uli to a large area of skin. In order to present haptics feedback
not only to the finger tips but also to a large area of human
skin such as palm of the hand, it is necessary to arrange mul-
tiple stimuli elements. However, there are limitations on the
number of stimuli elements having a size of several centime-
ters that can be arranged due to spatial restrictions. There is
also a possibility that these arrangements hinder the natural
behavior of the human hand. Thus, in order to realize mul-
tiple stimuli to the human body, which includes not only the
finger tips but also the palm of the hand, we need;

• small and thin stimulus elements in order to avoid spatial
limitations.

• tactile feedback using multiple stimuli to provide more re-
alistic haptics.

• flexibility and high degree of freedom for the shape of the
elements.

In this paper, we consider a tactile display that meets these
requirements (Figure 1) and we focus on electrostatic forces
[7] and electrical stimuli [11]. Both stimuli can be realized by
applying voltage to electrodes. In addition, in order to realize
a tactile display that can generate both electrostatic forces and



electrical stimuli, we fabricated a miniature tactile element
using double-sided inkjet printing with conductive ink. Thus,
our method allows the user to realize smaller, lighter, thinner,
and more flexible tactile elements compared with previous
vibration tactile elements. Using a flexible substrate such as
a polyethylene terephthalate (PET) film or paper allows the
user to design free-formed tactile elements and a variety of
tactile devices using 2D CAD software. We have confirmed
that both uneven and rough textures can be added on the flat
surface presenting multiple stimuli, i.e., electrostatic forces
and electrical stimuli [4]. In this demonstration, we describe
the implementation of the proposed printed stimuli element
and we show two types of applications; a wearable type and
a stationary type, to show the potential of flexible substrate.

PROPOSED METHOD
The proposed tactile display is shown in Figure 2 and consists
of electrode patterns printed on both sides of a thin PET film
with conductive ink (NBSIJ-MU01, Mitsubishi Paper Mill).
The electrode patterns are connected to a micro-controller
(mbed LPC 1768, ARM Ltd) and a voltage of almost 500
V is applied to the electrodes (MHV 12-1.0K2000P, Bellnix
Co., Ltd). The surface of the tactile display can present a ver-
tical vibration stimulus to humans as a result of an electrical
stimulus applied to the tactile display. In addition, the back
of the tactile display can a present a frictional stimulus to hu-
mans as a result of an electrostatic force applied on the tactile
display.

On the surface of the tactile display, electrodes with a 3 mm
diameter are arranged with a separation of 2 mm. The right
(red) electrode is connected to high voltage and the left (blue)
electrode is connected to ground. By applying voltage to the
electrodes, potential differences occur inside the contacting
skin, and mechanoreceptors are stimulated. As a result, users
perceive a vibration stimulus.

On the back of the tactile display, an electrostatic tactile dis-
play is formed with an electrode and an insulator layer. When
the tactile display, which is connected to high voltage, con-
tacts a conductive material, the electrostatic tactile display
becomes positively charged and the material becomes neg-
atively charged. Therefore, the electrostatic tactile display is
attracted toward the material and both the normal force and
the frictional force to the tactile display are increased.

By controlling the intensity and frequency of the applied volt-
age to each tactile display, multiple tactile sensations such as
tactile sensations of real objects are presented to the users.

APPLICATION
We propose using the tactile display in a sheet-based VR
glove, as shown in Figure 1a. The VR glove has flexibility
and is attached along the skin. The VR glove can easily be
designed with 2D CAD software, which allows users to de-
sign and prototype VR gloves that fit their own hands. Tactile
sensation of a physical object can be changed with the com-
bination of electrostimuli and frictional stimuli. For example,
we developed a system that can alter the tactile sensation of
a conductive cube with an AR marker. The system displays
the altered object to the users with a display or head-mounted
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Figure 2. Inkjet-printed tactile display (left) with an electrical stimulus
electrode on one side (upper right) and an electrostatic force electrode
on the other side (bottom right).

display (HMD) and presents the altered tactile sensation with
the VR glove. The users can experience the altered object
with both visual and tactile information.

Figure 1b shows another application of the VR glove for a
binarized image that is printed on a paper with conductive ink.
The user can perceive the tactile stimuli only on the printed
part through the VR glove. Specifically, tactile sensation can
be added on the paper with the conductive ink. By providing
tactile sensation to the printed image, users can experience
not only visual information but also tactile information.

The proposed concept can easily change the design of tac-
tile devices that are unique to sheet substrates such as PET
or paper. We developed a physical slider interface with tac-
tile feedback (Figure 1c). The interface consists of a base
part that is fixed on the touch panel display using a dual sided
tape and a thumb part that is slid on the base part. The sur-
face of the Base part is printed with an electrode pattern using
conductive ink and is connected to the ground. Each side of
the thumb part has an electrode pattern to generate electro-
static forces and electrical stimuli. The thumb part also has
a conductive pattern in order to generate a touch input on the
touch panel display, and it can be moved along with the user’s
slide movement. This slider interface allows the user to feel
a “snap feedback”. The interface provides a continuous input
without an applied voltage and an intermittent input with an
applied voltage. Our method can realize a tactile feedback
when switching between continuous and discrete inputs.

CONCLUSION
In this study, we proposed the concept of a miniature tac-
tile display for multiple tactile stimuli. The proposed tactile
display consisted of electrode patterns for electrostatic forces
and electrical stimuli. The patterns were printed on a flexible
sheet substrate. We also showed the potential of the proposed
display for tactile applications. We believe that the proposed
tactile display can be arrayed on a substrate. In future work,
we will evaluate the characteristics of the proposed tactile dis-
play and optimize the design of the tactile display and the
signal to the electrode. In addition, we will develop a tactile
display array to provide tactile stimuli to large areas.
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