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Hopping by Humanoid based on Pelvic Movement during Human Running
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Abstract: A human running motion can be modeled by a spring-loaded inverted pendulum (SLIP). However, the SLIP
model does not include human-like pelvic movement. On the other hand, in previous studies of the authors, the pelvic
movement may help to increase the force for a pushing-off the ground. However, it is not analyzed that human changes the
strategy of the pelvic movement for changing running speed. In this study, the authors aimed to analyzing the pelvic
movement during human running in condition of various running speed, and verify the influence of the amplitude of the
pelvic movement with the real robot. Based on the human motion analysis, human increases his/her pelvic amplitude
according to the increase of running speed. And, the jumping height of the robot with the pelvic movement also increased

according to the pelvic amplitude.
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Fig. 1 Running model of human.
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Table 1  Pelvic amplitude of human running

Running speed m/s
2.0 3.5 5.0

Pelvic Amplitude deg 3.5 4.3 5.0
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(b) DoF configuration with constraint
Fig. 2 New developed running robot.

Table 2 Robot specifications

Parameters Human Robot

Whole Mass kg 60 60
Thigh mass kg 6.7 6.8
Shank mass kg 33 33
Foot mass kg 0.9 1.1
Thigh length mm 374 377
Shank length mm 339 339
Foot length mm 220 228
Distance  between  hip

joints mm 180 180
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Fig. 3 Experimental condition.

Table 3 Experimental parameters

Parameters

Pelvic rotation amplitude A deg 35,5
Phase difference [0) rad 37w/8
Hip angle Hhin deg 10
Knee angle 6’,{"{; deg 140
Ankle angle 9{”’ e deg 90
Knee joint stiffness Nm/deg

Ankle joint stiffness Nm/deg
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Fig. 4 Comparison of mass displacement with the
difference of pelvic amplitude
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