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Thesis Summary

Motion capture (MoCap), which digitizes human movement, is becoming increasingly important as a
fundamental technology in many fields such as sports science, rehabilitation, and robotics. However,
conventional MoCap systems require multiple cameras and involve substantial constraints related to
installation environments and equipment costs, making it difficult to deploy them widely in daily living
spaces. This study aims to enable accurate and reliable human motion capture in everyday
environments and systematically presents four approaches that utilize diverse sensor modalities.
The first approach addresses the limited field of view and occlusion issues of fixed-camera systems
by employing a wrist-mounted omnidirectional camera. A machine learning model that leverages
human silhouette images enables robust full-body 3D pose estimation even in daily environments.
The second approach enhances robustness under challenging lighting conditions by using an event
camera that asynchronously captures brightness changes. This method achieves accurate estimation
of body pose and shape in situations where conventional RGB cameras fail, such as low-light
environments or rapid movements, and demonstrates the effectiveness of event-based data. The
third approach focuses on convenient gait capture in daily life and proposes a framework for
estimating full-body walking posture using only a small number of inertial measurement units (IMUs)
embedded in shoes. A minimal sensor configuration combined with a mechanism that suppresses
error accumulation during long-duration measurements enhances practicality for everyday gait
analysis and long-term monitoring. The fourth approach integrates wearable sensor measurements
with physics-based simulation to achieve physically consistent MoCap. Using kinematic and dynamic
information from smartwatches and smart insoles, a torque-driven human model in a physics
simulator reconstructs physically plausible movement.

These approaches independently address issues such as field-of-view constraints, lighting variability,
sensor intrusiveness, and physical consistency, while their sensor configurations and estimation
principles complement one another. Combining them according to situational needs may achieve a
higher level of accuracy and convenience required for MoCap in daily environments. This potential
supports monitoring and functional assessment in industrial, medical, and caregiving settings and
contributes to the development of advanced frameworks such as human digital twins and next-

generation robotics.




