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Interacfive humanoid robot design using Bunraku puppet structure and Jo-ha-kyu
Principle
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This study aims to apply the movements and emotional expressions of the

Japanese traditional puppet theater "Ningyo Joruri Bunraku" to robotics. Using motion capture, we
analyzed the puppet®s movements and identified techniques for emotional expression. Specifically, we

confirmed that the puppet™s stretching and chest joint movements synchronize with the voice of the
Gidayu (narrative chanting) and the sound of the shamisen (three-stringed instrument), and are
related to the mechanism of Jo-Ha-Kyu (a traditional Japanese concept of modulation). We implemented
these Bunraku puppet mechanisms into a robot, developing a robot capable of expressing the
stretching techniques. Furthermore, we proposed a method combining motion analysis in the frequency
domain using the Hilbert-Huang Transform with deep learning, enabling the robot to perform the
delicate movements of Bunraku puppets, optimized to the motor performance.
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