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1. Collaborative work with Mitsui Chemicals

A robotic cover with a novel design to achieve both softness and high-heat conductivity was needed
to proceed with this research project. My host researcher Prof. Kheddar introduced MITSUI
CHEMICALS, INC. to me, and we started collaborative work to develop a prototype. Our colleagues

in Mitsui Chemicals visited us two times to have meetings at LIRMM in France.
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Fig. 1. Prototype of the robotic cover.



2. Thermal contact detection using a small prototype of the robotic cover

We developed a prototype built-in pipe for a small robot arm (Fig. 1). The cover temperature can be
controlled by a circulating water system, including the tank attached to the Peltier pumps. By applying
a thermal exchange observer to the control system, heat flow entering from a contact object can be
estimated while controlling the surface temperature. The obtained heat flow changes depending on the
material, temperature, contact area, etc., and the value is expected to be used for material recognition

of a contact object in future work.
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3. Development of a soft robotic shell with active thermal display

Finally, we successfully developed a robotic shell for upper arm of the humanoid robot (Fig. 2) based
on findings from the previous prototype. The displayed cover temperature is regulated based on a
closed-circuit water-circulation system that is built into the cover. Subsequently, such a shell can be
used as a robot body cover that can be set to realize a desired temperature pattern or behavior
subsequent to touch. Our proposed shell enables the simultaneous realization of conflicting softness
and heat conductivity properties. This shell is fabricated with low mass density materials to reduce the
weight required for large surface coverage. The presented soft-shell robotic cover is composed of a
linked two-layer structure: (i) the inner layer, with built-in pipes for water circulation, is soft and acts
as a thermal-isolation layer between the cover and the robot structure, whereas (ii) the outer layer,
which can be patterned with a given desired texture and color, allows heat transfer from the circulating
water of the inner part to the surface. A novel water-circulation system is also developed, through
which both heating and cooling of the cover are achieved within short response times. This fabrication
technique enables robotic cover possibilities, including tunable color, surface texture, and size, that are

likely to have applications in a variety of robotic systems.
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Fig. 2. Developed robotic cover for upper arm of humanoid robot HRP-4.
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1. Conference paper

The conference paper about the soft robotic cover with dual thermal display and sensing
capabilities was accepted (ISER2020) [2]. Because of the Covid-19 pandemic, the
physical conference was postponed to the end of the summer this year.
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2. Submitting patent with Mitsui Chemicals and CNRS

We successfully developed the soft robotic cover that can achieve both softness and high
thermal conductivity. We have filed patent applications about the material and novel
structure (Filing No.: FR2103637, Filing Date: 09/04/2021, Applicant: MISUI
CHEMICALS, INC., CNRS) [3].
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3. Journal paper (Science Robotics)

The paper I submitted during my Ph.D. was published in IEEJ Journal of Industry

Applications [1]. We plan to submit a journal paper of which has high impact factor within

a few weeks [4].

[11 Yukiko Osawa, Seiichiro Katsura: “Thermal Rendering Based on Thermal Diffusion Equation,”
1EEJ Journal of Industry Applications , Vol. 8, No. 6, pp. 957-964, November 2019.

[2] Yukiko Osawa, Abderrahmane Kheddar: “A Soft Robotic Cover with Dual Thermal Display and Sensing
Capabilities,” Proc. International Symposium on Experimental Robotics (ISER2020), Springer Proceedings in
Advanced Robotics, Vol 19, March 2020.

[3] Patent, MISUI CHEMICALS, INC., CNRS, Filing No. FR2103637, Filing Date: 09/04/2021.

[4] Yukiko Osawa, Yuho Kinbara, Masakazu Kageoka, Kenji lida, and Abderrahmane Kheddar: “Soft robotic

shell with active thermal display enabled by a water-circulation system,” 2021 (will be submitted soon).
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