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Development of Musculoskeletal Robot for Jumping and Landing

*RyumaNITYAMA (The University of Tokyo), Yasuo KUNIYOSHI (The University of Tokyo)

Abstract— To understand the dexterity in motion performed by the musculoskeletal structure, we developed a biped
jumping robot. The robot can jump over half of own height and land softly. For jumping and landing, the dynamics of
body is asimportant as the control. The robot is powered by McKibben artificial muscles, the pneumatic actuators similar
to biological muscle. In the experiment, our robot achieved the jumping onto a chair. We observed a proximo-distal
sequence of joint extension although motor commands are given simultaneously. This sequential joint extension in whole
body motion is caused by the natural dynamics of the muscul oskeletal system.

Key Words: Musculoskeletal System, Actuator, Artificial Muscle, Mechanical Softness, Biomechanics
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Fig.1 Various limbs of mammals.
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Fig.2 Bi-articular hamstring muscle as parallel linkage.
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Fig.3 Time constant of McKibben artificial muscle.
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Fig.4 Jumping and landing robot.
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Fig.5 Overview of control and measurement system.
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Fig.6 Skeletal structure of the robot.
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Fig.7 Main muscles and antagonistic springs.
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Fig.8 Pressure (control input) at jumping onto chair.

180 — T T T T
160 . Hip Joint
140 X Knee Joint -------

) Ankle Joint --------

1(2)8 AN\ Foot Switch

80 [ 4

60 /i 8

40 /i \ A\

20 L. L \}‘“‘ m«\\\ Prana
0

Joint Angle [deg]

0 02 04 06 08 1
Time [s]

Fig.9 Joint angle at jumping onto chair.



Fig.10 Jumping onto a chair with aheight of 400mm.
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