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Further research was conducted on the following topics for FY2020.

(A-3) Human Motion Estimation and Analysis for Robot Motion Planning (Niitsuma,
Nakamura)

The method for estimating human work behavior realized until last year required
expertise in preparing training data for motion recognition, and many parameters had
to be adjusted. Therefore, we proposed a nonparametric method that can be applied
without prior knowledge. The results are summarized in the master’ s thesis. The paper
is currently being prepared for submission.

In addition, for the estimation of human workload, we worked on the creation of
datasets with various body shapes using structural features of the body and machine
learning [2]. In addition, wearing an exoskeleton—type assist suit with artificial
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muscles is also an effective method for assisting workers. Therefore, we studied a
force feedback device that considers the characteristics of the human body structure
and joints [1].

(B-2) Motion Planning of Robots for Cooperation with Workers (Niitsuma, Osumi)

Assuming assembly work by humans, we developed an algorithm that autonomously selects
tasks for the robot to perform by dividing the workload between the robot’s
transportation of deliverables and the replenishment of necessary parts
(B-3) Integration of distributed systems (Niitsuma, Kunii)

We integrated the results of (A-3) and (B-2) into a single system and constructed a
cooperative work system in which the robot autonomously selects and executes safe and
effective tasks based on the operator’ s work situation. The results are also summarized
in a master’ s thesis, which is currently being prepared for submission.

(C-1) Biometric Measurement to Evaluate Interaction with a Cooperative Robot
(Hashimoto, Niitsuma)

Toward more versatile biometric measurements, we worked on the construction of a
biometric acquisition system using Wi-Fi channel state information [3]

We also implemented a sequential LF/HF acquisition system based on real-tam
electrocardiograms for real-time stress assessment. We also worked on measuring
cognitive load during work using fNIRS[4].

Including the results of these efforts, we worked on the following issues that were
planned for research in FY2021.

(C-2) Quantitative evaluation of cooperative work (Hashimoto, Niitsuma)

We evaluated human—-robot cooperative work based on work performance, work movement
observation, and subjective cognitive load. A sufficient number of subjects could not
be collected due to the effects of the new coronavirus infection. Integration with
biometric measurements could not be realized

Since the extension of the research plan to FY2022 was approved, we would like to
continue the project in FY2022.
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