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(Elucidation of quadrupedal gait transition by using robots and simulated models)
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(Adaptive serpentine locomotion of a snake robot over rough terrain)
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It is well known that quadrupeds select their gaits—i.e., the patterns of movement
of their limbs (e.g., walking, trotting, galloping) according to speed. However, the principle of gait transition is not
revealed in the current literature. We try to elucidate the principle by using quadruped robots. We so far discovered a
specific rule for generating typical quadrupedal gaits (the order of the movement of four legs) through simulated and
robotic quadrupedal locomotions, in which unprogrammed gaits spontaneously emerged because of sensory feedback to
the controller. Additionally, all gaits transitioned according to speed, as seen in animals. We have therefore hypothesized
that various gaits derive because of posture control through sensory feedback.
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We aim to develop a snake robot that can autonomously slither over terrains
with different surface friction, as found in outdoor environments. We build a simple snake robot with a scaled-up ventral
scale plate under each segment, based on the property of longitudinal frictional anisotropy of a real snake’s scales; the
robot is driven by central pattern generators (CPGs) with sensory feedback. When the effect of ventral friction is fed back
to the corresponding CPG via the sensory feedback, it autonomously creates a phase difference between the CPGs,
eventually resulting in a spontaneous unprogrammed serpentine gait with good propulsion. We hope that the autonomous
serpentine locomotion will allow the snake robot to dynamically and adaptively slither in outdoor environments.
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