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Development of Haptic Thermal Perception Device for VR Controller using Flexible Thermoelectric Material
(MR BB M B2 Wiz VR 2 ha—F il 3 B0 5 7 /S A 2D B 5% )

2. MR H M

This research proposal aims for development of a handheld
and lightweight virtual reality (VR) controller consists of
robotic soft actuator (presented previously in FY2020),
electromagnet (presented previously in FY2021), and
programmable perceived temperature using thermoelectric
devices (TEDs). Continue from the previous research
proposals proposed in the Nagamori FY2020/2021, this
research project is aims to add an additional haptic
perception to VR/AR users by integrating the temperature
illusion of touching object together with the shape and
viscosity perception. By integrating the knowledge in
human perception and materials manipulation, create the
computational model that take the relationship between
TEDs and perceived temperature. This method could allow
the user (VR player) to perceive various haptic stimulation
not only to the shape and viscosity properties of the
touched complex objects, but also the apparent temperature
of such virtual objects. As shown in Figure 1, this proposal
will contribute on the previous works (Nagamori
FY2020/FY2021) by carrying the VR controller with shape,
texture and its elastic properties, and adding the
temperature perception with TEDs. Therefore, by the end
of the research period, this system could fulfill the VR
experience not only for entertainment but also the
educational and training aspect. To summarize, this
proposal will contribute to the following area: 1) a novel
controller to enhance both perceived shape, textures,
viscosity and temperature of the target virtual objects, 2) a
computational model that considering the relationship
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soft actuator controlled with air pressure (2020)

Figure 1 Proposed VR controller that
can simulate the different haptic
thermal properties for VR object
(red) in addition to shape (green) and
viscosity properties (blue).

between temperature rendering and apparent temperature through the visualization and tactile

perception.
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The goal of this research is to provide the sense of
temperature integrated with viscosity perception and
sense of soft interaction. Our team developed the
following prototype and conducted experiments to
verify the usability and the system limitation.

1. Fabrication of thermal display on VR controller
We develop a prototype of the thermal display using
flexible TEDs embedded directly with user fingers,
and therefore, it is possible to attach with the VR
controller. We mold the flexible silicone to mounted
the flexible piezoelectric and electrical sensitive

materials together as the form of the device. The |
materials connect to an electric wire to transmit its Figure 2 Prototype of Flexible TEDs
voltage output. The prototype is shown in Figure 2.

2. Parameterize the voltage input and optimize the thermal output

We conducted the experiment to measure the flexural durability of the TEDs and make sure that
the emit temperature is stable. Therefore, we utilized the thermal camera to detect the apparent
thermal through the device. The experiment reaches by adding the voltage to the TEDs between
5V (i.e., minimum voltage input requirement) to 15V (i.e., maximum voltage requirement). For
each time, the thermal measurement stops when the temperature is stable around 1 minute. As
shown in Figure 3, we found that the device can express the temperature around 15C to 35C with
the stable temperature around 33C (Figure 3E) at the voltage of 15V, the similar behavior has
been observed with the input voltage of 10V but it required additional time to TEDs reach the
stable temperature stage. The accumulation time that is required for stable temperature is around
20 to 30 seconds.
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Figure 3 The parameterization experiment: (A, D) flexible TED attached on the black
background and the setup with thermal (IR) camera, (B) the TEDs at average environment
temperature (20C), (C), the lowest temperature measured by thermal camera, and (E) the
experimental results when input 15V voltage to reach stable stage.

We conducted another experiment to optimize
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the accumulation speed by attaching a small On:aWWVV\M .l
phase change material (PCM) and conductive i i 9 i _
surface between flexible TEDs. Since the PCM i §§‘ fz’ 8“°
could gain the temperature faster than TEDs, we § §§ ;3 ‘E-zs
accelerate the temperature perceived by users sun ; Cloth . TED | Air Fm;'
using PCM. Once the TEDs reach the optimal E ; i b s

stage, we then release the PCM operation Ton  Tow  Tree r 0 e
(Figure 4(Left)). As shown in Figure 4(Right),

the PCM layer absorbed or released heat to Figure 4 The schematics of TEDs embedded
with conductive surface and phase change
) material (Left), and the experimental results
acceleration of temperature depends on the (Right).

target application. While the PCM itself is

maintain a comfort skin, and to manipulate the
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difficult to control the stable temperature (i.e., the heat can accumulate over time), it is possible
to increase the temperature change process of flexible TEDs. Our experimental results found that
the temperature reach to 39C takes around 2 seconds, which means that by providing 3V voltage,
it is possible to provide the immediate temperature around 30C to the users, while wait for the
flexible TEDs to maintain its heating process. We then utilized this method for our future final
prototype.

3. Subjective Experiments

We are conducting the experiment to understand the relationship between voltage input and the
perceived thermal output with and without visual stimulus (i.e., the virtual objects provided on
the HMD). To verify the quality of the thermal information, our experiment included the thermal
sensitivity with virtual objects between with color information and without color information.
While we cannot conclude the experimental results at the moment of this report, we owing to the
advantages of our device to improve user immersion in the VR environment.

4. S % OW O R B L

We submitted the results of our experiments from our current system (flexible TEDs with PCM)
to the Journal of Advanced Function Materials, which is currently under review by the external
experts in the field. The subjective evaluation through our current systems is planned for submit
as a work-in-progress paper to IEEE Haptics Symposium 2024.

As we mentioned in previous section, we cannot develop our final design that embeds the flexible
TEDs with previously developed VR controller. Therefore, after we conducted the subjective
experiments. We plan to integrate our device with the VR controller so that it can offer the
temperature of virtual object together with other material properties (with bare hand). The main
challenge is the weight and the flexibility limitation of each component. Once we can integrate
all components together, we plan to conduct further experiments to verify the usability of our
method in VR environments.
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