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This thesis focuses on the development of a musculoskeletal bipedal lower—-limb robot and its control
for the stance leg during locomotion, using the principles of the spring-loaded inverted pendulum
(SLIP) model. The research begins with the robot’s design, which utilizes pneumatic artificial muscles
(PAMs) as actuators for both jumping and walking. It is followed by the implementation of bioinspired
feedback control and model-based approaches for stance leg control, aimed at enhancing locomotion

performance.

Chapter 2 emphasizes the use of lightweight PAMs to optimize the mass distribution and reduce the
overall mass of the legs, with the goal of improving dynamic performance while adhering to the
mechanical characteristics of the SLIP model. Experimental data from jumping tests indicate that the
dynamics of the robot’s center of mass (CoM) closely align with the SLIP model, providing a strong

foundation for developing effective control strategies.

To enhance jumping motion, Chapter 3 explores the functionality of bi-articular PAMs designed to
emulate the action of the human gastrocnemius muscle. Experimental findings reveal that real-time
feedback control-based on estimated ground reaction forces (GRFs)—achieved by dynamically adjusting
the air pressure within the bi—articular PAMs significantly enhances the robot’s jumping performance

during locomotion.

Finally, Chapter 4 introduces a specialized controller informed by the characteristics of the
developed robot and the identified PAM model for walking motion, guided by the SLIP model, to optimize
the regulation of GRFs during walking. The results indicate that this controller improves the
alignment of the GRFs with the CoM, thereby enhancing the walking movement, even in the presence of

variations in the phase duration.

In future research, this study aims to manage both the direction and magnitude of ground reaction
forces, enabling the robot to exhibit various dynamic characteristics and improve its adaptability in

diverse environments.
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