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Constructive Approach for Understanding Morphology and Nervous System of Bipedal Jumping
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Understanding the theory of locomotion has attracted both scientists and engineers for
centuries. Scientists identify the underlying mechanism in the human body, including the neural
pathways and skeletal mechanism, for locomotion. However, it is difficult to understand the connection
between these identified mechanisms and their effects in locomotion through experiments on human
subjects since current technology does not allow to change the body (e.g. neural pathways) and make a
systematical evaluation.

Studies in recent years have demonstrated that the underlying mechanism for locomotion can
largely be uncovered, by conducting robotic experiments and simulation since these approaches allow us
to change the body components. Whereas, current robotic platform and simulation fall short in the
replication of locomotion with expensive dynamics, including jumping and running

In this thesis, we developed bipedal musculoskeletal robots with similar body kinematics as
human. By applying the muscular stimulation which is based on the electromyographic data of human
jumping, the robot can realize human—like jumping behavior. By using the developed robots, we conduct
three investigations and these stories are shown in the following chapters.

In Chapter 2, we investigate the contribution of stretch reflex and crossed response in hopping
(drop jumping). The results demonstrate that the stretch reflex contributes to the body balance during
hopping. The combination of both stretch reflex and crossed response can improve the balance further.

In Chapter 3, we build a bipedal musculoskeletal robot and investigate the effects of foot
windlass mechanism in drop jumping. From the results, we confirm that the robot shows similar
kinematic behavior as a human during drop jumping. Moreover, the foot windlass mechanism promotes the
height of robotic jumping

In Chapter 4, we implement the up-ward jumping experiments and explore the effects induced by
foot windlass mechanism. The experimental data demonstrate that the foot windlass mechanism
contributes to the rise of longitudinal arch, the decrement of the contracting velocity of triceps

muscles, increase the force output of triceps muscles, and increase the jumping height

In this thesis, we constructed biped robots that mimicking the body structure of a human. By
implemented experiments on these robot platforms, we investigated the body components including spinal
neural pathways (stretch reflex and crossed response) and musculoskeletal structure (foot windlass
mechanism). We identify the effects of these body components in jumping, a simple and representative
bouncing gait. Beyond the improvement of the knowledge in anatomy, such knowledge also contributes to
the clinical treatment (e.g. the development of strategies for neural rehabilitation). Moreover, the
knowledge in this thesis provide ideas for engineers to design an autonomous system, such as a

prosthesis.
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