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3D-COM Motion Estimation for a Humanoid Robot based on Equilibrium of
Reaction Torque

Ken Masuya*! and Tomomichi Sugihara*?

*I Department of Adaptive Machine Systems, Graduate school of engineering, Osaka University
2-1 Yamadaoka, Suita, Osaka, 565-0871 Japan

*2 Department of Adaptive Machine Systems, Graduate school of engineering, Osaka University
2-1 Yamadaoka, Suita, Osaka, 565-0871 Japan

A novel Kalman filter to estimate the center of mass (COM) for 3-dimensional motion
of humanoid robot is proposed. It combines COM informations from the kinematics model, the
ground reaction force and the relationship between COM and the zero moment point (ZMP). In
author’s previous work, a Kalman filter based on the same idea was proposed but it dealt with
2-dimensional motion. This paper improves it and takes the reaction torque into consideration
in order to make tuning to reduce offset easier. Through the simulation which a robot walks
forward, the validity of the proposed method is verified.
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Fig. 1

COM-ZMP model
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Robot

COM-ZMP model
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Fig. 2 The overview of the proposed method.
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Fig. 3 The snapshots of a part of walking from 2.00s to 4.00s
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Fig. 4 A result of COM position estimation[m] versus time[s]. (black solid line : The proposed method,
gray solid line : Ground truth, dash line : Kinematics, dot line : Without COM-ZMP.)
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Fig. 5 Results of COM position estimation error[m] versus time[s] without the position and attitude error.
(black line : The proposed method, light gray line : Kinematics, gray line : Without COM-ZMP.)
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Fig. 6 Results of COM position estimation error[m] versus time[s] with the position and attitude error.

(black line : The proposed method, light gray line : Kinematics with KCSF, gray line : Kinematics
with Pos. Est., dark gray line : Without COM-ZMP.)
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