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Characteristic Analysis of Biotic Musculoskeletal Structure and Its Application to
Robotics
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A Dbiotic musculoskeletal structure achieves subtle and quick motions.
Characteristics of the biotic motion-generation have been analyzed in robotics to
create a robot system with the subtle and quick motions.

Focusing on the biotic structure, animals have the musculoskeletal structure which
generates a motion by contracting many muscles around some joints, unlike
conventional industrial robots. Because the musculoskeletal structure needs the
redundant actuation by many muscles. There exist internal forces in the muscles.
Due to the redundancy, not only positioning but also the mechanical impedance of




joints can be controlled.

The previous studies focused on feedforward positioning and improvement of
feedback controller by using potential field generated by the muscular internal force.
However the potential shape strongly depends on the muscular arrangement. As the
result, the stability of controller is influenced by the muscular arrangements.

Focusing on the potential field generated by the characteristic of the
musculoskeletal structure, this study clarifies the mathematical conditions of the
feedforward control based on the stability analysis.

In Chapter 1, back ground of this study is described by explaining characteristics of
biotic motional generation and the musculoskeletal structure.

Chapter 2 explains the parameters, dynamics and muscular characteristics of the
target musculoskeletal structure.

Chapter 3 describes the force relation between muscular tension and joint torque,
the potential field generated internal force in the muscles, and feedforward
positioning by using the potential.

In Chapter 4, the stable conditions of internal force on the musculoskeletal structure
with two joints and six muscles are analyzed from the viewpoint of the potential field.
In this analysis, sufficient conditions are derived by the approximated muscular
lengths. As a result, the muscular arrangement conditions to generate stable internal
force are clarified.

In Chapter 5, the discussion in Chapter 4 expands to the musculoskeletal structure
with more joints and muscles.

Finally this thesis is summarized in Chapter 6.
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