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Musculoskeletal Force Control for Bipedal Running of an Athlete Robot

*Ryuma NII'YAMA (The University of Tokyo),
Satoshi Nishikawa (The University of Tokyo), Yasuo KUNIYOSHI (The University of Tokyo)

Abstract— The essential component of legged locomotion is control of the ground reaction force. We investigate bipedal
running using a musculoskeletal “Athlete Robot”. The configuration of the muscles in the robot is compatible with the
human. The spring-like property of the human lower leg during running is modeled as an elastic blade foot based on
findings from biomechanics. The motor command is divided into phases extracted from human EMG data. The strength
of the activation in each phase is numerically calculated using a model of the musculoskeletal leg. In the simulation
results, the robot runs 8 steps with a speed of 3 m/s. We also demonstrate that the real bipedal robot is able to run for

several steps.
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2 28E] HAOMRY MERPMEEESR (2010898228 ~24R)

Fig.1 Musculoskeletal Athlete Robot.
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Fig.2 Layout of the muscles.
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Fig.3 Proportion of the size of muscles.
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Fig.4 Musculoskeletal system of the human lower leg and
simplified foot as blade spring.
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Fig.5 Muscle activation pattern in phases.

Fig.6 The snapshot of the running simulation.
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(a) theoretical force output  (b) measured reaction force

Fig.7 Measured ground reaction force for the Gmax muscle.
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Fig.8 Measured ground reaction force for the VAS muscle.
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Fig.9 Snapshots of the three steps of bipedeal running.
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