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A Bipedal Walking Model with an Inverted Pendulum as a Torso

*Seiichi MIYAKOSHI (AIST)

Abstract— The compass-like bipedal walking model is expanded to a humanoid model by an additional
torso link. The torso is modeled by an inverted pendulum, to be expected to its lower torque requirement
(small energy consumption). The existence of a nominal motion trajectory, the comparison of the energy
consumption among different nominal trajectories, and the commonality to human walking are shown.

Key Words: passive dynamic walking, inverted pendulum, upper body
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Fig.1 Compass-like biped walking model with a
torso, and its model in the dynamical simulator
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Fig.2 Stick picture of walking motion with the upper
body as an inverted pendulum (free waist joint)
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Fig.3 Energy consumption plots of each different
waist control type. The smallest is the free joint.
The second smallest uses the linear approxima-
tion to generate the desired trajectory for the
waist servo controller, and the third smallest uses
the sinusoidal approximation. The biggest curve
shows the servo to keep the upper body upright.
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Fig.4 The upper body angle plots of the simulation
(upper) and measuared human data (lower) [10].
The top part of the simulated ground reaction
forces are also plotted at the lower part of the
simulation plot.
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