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Figure 1. (a) Concept of the proposed haptic display. It consists of a thin plastic pouch with a low boiling point liquid and a Peltier device. (b) Principle 
of the proposed haptic display (left) and the way it works (right). Pouch is shrinking at a low temperature, and it inflates at a high temperature. (c) 
Appearance of wearing the proposed haptic display. 

ABSTRACT 
Conventional pneumatic haptic displays need a complex and 
weight system because air is fed through a tube from an air 
compressor. To address this problem, we propose a wearable 
haptic display device that uses a liquid-to-gas phase change 
actuator and Peltier device. The actuator is composed of a 
thin plastic pouch containing a low boiling point liquid. The 
temperature of the liquid is controlled by a Peltier device in 
close contact with an actuator. This approach allows soft 
actuators to be inflated without the use of a compressor and 
tubes, allowing us to realize a small and light haptic display. 
We implemented the haptic display that has a pouch of 10 mm 
square and evaluated the characteristics of it. We confirmed 
that the maximum output force reached almost 1.5 N, which 
is a similar level to off-the-shelf wearable haptic display. 
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INTRODUCTION 
Various types of haptic displays have been developed to repro-
duce touch and texture in a virtual reality (VR) environment. 
Especially, pneumatic haptic displays have the advantages of 
simpler, lighter, and softer structures and higher output force 
than haptic displays using motors and vibrators. Therefore, 
pneumatic haptic displays are suitable for wearable applica-
tions and can be attached to a fingertip or arm to present haptic 
information [5, 6, 7]. However, the fatal problem of current 
haptic displays is the complexity and weight of the system 
because air is fed through a tube from a large air compres-
sor. Solving this problem can lead to a haptic display that is 
simpler to use and does not inhibit the user’s movement in 
wearable applications such as VR. 

To address this problem, we propose a wearable haptic display 
device that uses a liquid-to-gas phase change actuator [1, 2, 3] 
and a Peltier device (Fig. 1a). The actuator is composed of a 
thin plastic pouch containing a small amount of a low boiling 
point liquid (3M Company, Novec™ 7000). The temperature 
of the liquid is controlled by a Peltier device in close contact 
with an actuator. This approach allows soft actuators to be 
inflated without the use of a compressor and tubes, allowing 
us to realize a small and light haptic display system. The 
actuators can be created with only heat sealing of the thin 
plastic film and liquid filling, which makes it easy for us to 
fabricate actuators of various shapes and sizes. In addition, 
the temperature control of a Peltier device enables the control 
of the inflation of an actuator. 
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The contributions of this study are (1) proposing a soft haptic 
display where the temperature of a low boiling point liquid 
is controlled by a Peltier device, (2) making a design prin-
ciple of the proposed haptic display, and (3) evaluating the 
characteristics of the haptic display. 

METHOD 
The principle of the proposed haptic display is shown in 
Fig. 1b. It is composed of a soft plastic pouch containing 
a small amount of a low boiling point liquid (Novec™ 7000) 
and a Peltier device. When Novec™ 7000 inside the pouch 
reaches 34 ◦C or higher, it vaporizes and increases in volume, 
causing the pouch to expand. This induces displacement of 
the pouch and enables haptic presentation to the wearing users 
(Fig. 1c). The proposed haptic display controls the tempera-
ture of the liquid using a Peltier device (Marlow Industries, 
NL1022T-01AC). The advantage of temperature control by a 
Peltier device is that the pouch can be heated and cooled at a 
target temperature to control the inflation of the pouch. Owing 
to this principle, we can realize a soft haptic display without 
the air compressor and tubes. 

We designed the size of a pouch to be 10 mm × 10 mm for 
force presentation to the fingerpads. Considering the efficiency 
of heat conduction, we selected a thin aluminum-coated film 
with a thickness of 28 µm (Yumefusen, Aluminum evaporation 
film) for fabricating the pouch. The amount of Novec™ 7000 
to be enclosed to a pouch can be calculated refer to our pre-
vious work [3], and we enclosed 0.04 ml of Novec™ 7000 in 
the pouch based on the size of it. We used double-sided tape 
(Tuloka, Thermal Tape Width 10 mm) to fix the pouch and 
Peltier together and microcontroller board (mbed LPC1768) 
and motor driver IC (Rohm Semiconductor, BD6211F-E2) to 
control and drive the Peltier device. A thermistor (TE Connec-
tivity, GAG10K3976B1) was inserted between a pouch and a 
Peltier device to measure the temperature at the bottom of the 
pouch. 

EXPERIMENTS 
In the experiment, we measured the output force of the pro-
posed haptic display. Fig. 2 shows the setup of the experiment. 
We fixed the haptic display to a stand made by a 3D printer 
using double-sided tape and measured the output force by 
placing a force gauge (Imada, ZTS-50N) on the other side 
of the display. The measured value is used for the feedback 
control to heat the pouch at a target temperature. We set the 
target temperature for heating to 42 ◦C, which is a temperature 
that does not hurt human skin. The pouch of the haptic display 
was kept warm at 30 ◦C before the heating process was started. 

Haptic Display

Force Gauge
Figure 2. Experimental setup. The haptic display was firmly fixed at the 
tip of the force gauge. 

Figure 3. Results of force measurement and temperature measurement. 

The room temperature of the experimental environment was 
25.6 ◦C. 

Fig. 3 shows the results of the experiment. The blue and red 
line represents the output force and the temperature at the 
bottom of the pouch, respectively. The temperature reached 
the target value (42 ◦C) in about 15 s, and the output force of 
the pouch reached 1.5 N in about 340 s. This value (1.5 N) 
corresponds to the maximum force presented by the off-the-
shelf wearable haptic display [4]. 

In this experimental setup, the force gauge is in contact with 
the pouch of the haptic display, however, the user’s skin can 
be in contact with it when the user actually uses it. Therefore, 
it can be assumed that the user’s body temperature makes it 
easier to heat the pouch. It may achieve better characteristics if 
the user actually uses it as a haptic display. In the preliminary 
experiment, we can felt the force presentation in about 3 s 
on the fingertip. Considering that the haptic display is small 
(10 mm square) and light (0.76 g), we can conclude that the 
proposed haptic display has a reasonable performance. 

CONCLUSION 
We proposed a simple, light, and soft haptic display by using 
a liquid-to-gas phase change actuator and Peltier device. The 
actuator is made by a plastic pouch and a low boiling point 
liquid (Novec™ 7000), and the inflation of it presents a force 
to users. This inflation is controlled by a Peltier device, thus 
the haptic display does not need an air compressor or tubes. 

We use a Peltier device to heat the actuator only in the present 
prototype, however, if we adopt a design that allows the Peltier 
device to radiate heat, the Peltier device can also cool the 
actuator. This allows us to cool the actuator faster than natural 
cooling, and we can control the inflation and deflation of the 
actuator at a faster rate. In addition, we plan to apply this 
haptic display to various applications such as VR or human-
computer interaction. 
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