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Interaction Motion Generation using

Puppet Theater Movements and Diffusion Models

Ran Dong
(Chukyo University)

Abstract :

Interactions between humans and virtual characters or humanoid robots often suffer from the
“uncanny valley” phenomenon, wherein near-human movements nonetheless appear subtly unnatural.
To address this issue, we draw inspiration from Bunraku— Japan's traditional puppet theater—
wherein three puppeteers imbue expressionless puppets with emotional depth through nonverbal
cues: the preparatory “Hodo,” the initiating “Zu,” and the rhythmic structure “Jo-Ha-Kyu.” This
study investigates the nonverbal coordination mechanisms employed in Bunraku, focusing on how
the puppeteers achieve highly synchronized actions through “Hodo” and “Zu.” We first captured
full-body puppet motions using a combination of optical and magnetic motion capture systems. The
recorded data were subsequently analyzed in the frequency domain via the Hilbert-Huang
Transform (HHT) to extract the “Hodo” and “Zu” signals. Following this, we employed a Human
Motion Diffusion Model by masking the left-hand channels and conditioning the model on the
remaining joints, enabling the generation of plausible left-hand trajectories that align with the
overall movement context. Finally, we demonstrated the transferability of the extracted motion data
to a humanoid robot by mapping the captured motion onto the robot’ s kinematic structure, with
further refinement achieved through HHT-based optimization to preserve the temporal and

expressive characteristics of the original performance.
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