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Abstract of Thesis

The foot structures of existing bipedal walking robots are quite different from the human foot complex. The human foot
complex is a delicate mechanical structure and strong body supporter. The moments generating by the human foot complex is
gaining prominence in recent years. In these moments, the vertical moment is one of the major influence factors of stable
bipedal walking. The motions of the human foot complex suggest that the two main oblique joints, the oblique transverse tarsal
and subtalar joints, have a high potential to appropriate generate a vertical moment. Nevertheless, the contribution of these two
oblique joints on vertical moment generation is still not clear and the application of bipedal walking robots is relatively sparse.
Meanwhile, it is difficult to conduct the experiment with/without foot structure by conventional approaches such as cadaver
and human experiments. Since the segments of the human foot complex cannot be arbitrarily changed.

This thesis aims to develop a series of bioinspired robotic feet to understand the contributions of the two oblique joints on
vertical moments generation in walking and apply it to the bipedal walking robot.

In Chapter 2, we focus on uncovering the contribution of the oblique transverse tarsal joint on the free moment
generation. Owing to the transverse tarsal joint being very complex and still existing many points in dispute, little information
has emerged on its contribution relatively. In this study, the free moment is utilized for the evaluation of the vertical moment
generation. To challenge the research purpose, we develop a bioinspired robotic foot with an oblique joint through the
constructive approach concept and conducted axial loading and bipedal walking experiments by a loading machine, and a
musculoskeletal walking robot. The experiment results show that the deformation of the oblique joint foot induced an internal
free moment when bearing the axial loading and drove the ankle rotated internally to reduce the external free moment
generation in the latter half of stance phase.

The finding of Chapter 2 raises our attention to the application of another oblique joint, the subtalar joint. In Chapter 3,
we developed a bioinspired robotic foot with a functional-anatomical based subtalar joint to reduce the yaw moment
generation in walking. We also evaluate the contribution of the stretch propriety of the plantar fascia on the yaw moment
reduction ability. To valid the developed robotic foot, a walking experiment was conducted by utilizing the developed robotic
foot, comparative conditions, and a walking simulator designed based on the rimless wheel walking theory. The results show
that the largest yaw moment reduction occurred at the developed foot with the stiff plantar fascia. Especially, the resulting
magnitudes had significant differences at the initial contact phase.

Chapters 2 and 3 suggest that both two oblique joints have the contribution of suppressing the vertical moment
generation. In Chapter 4, we focus on combining the two oblique joints and imitating their motions to passively compensate
the yaw moment generation in walking and evaluating its contribution to the torso yaw rotation. The bevel-geared mechanism
is designed to simplify the structure of two oblique joints and imitate their rotations on vertical and frontal planes. A walking
experiment is conducted by the comparative conditions and a developed musculoskeletal walking robot.

The experimental results indicate that the developed geared foot significantly suppress the yaw moment and torso yaw
rotation generation during walking without precise control.

This thesis provides new scientific findings and applications of the human foot complex. It also emphasizes the
importance of human foot morphology in bipedal walking. These developed robotic feet may also impact the designs of
medical devices and humanoid robots for the assistance of humans in the future.
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