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Memory-based Bipedal Walking Control with an Inverted Pendulum as a Torso

*Seiichi MIYAKOSHI (AIST)

Abstract— The compass-like bipedal walking model is expanded to a humanoid model by added a torso link.
The torso is modeled by an inverted pendulum, to be expected to its lower torque requirement (small energy
consumption). We show the nominal motion trajectories and the comparison of the energy consumption

among those trajectories.

Key Words: passive dynamic walking, inverted pendulum, upper body
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Table 1 Physical parameters of the biped model

Torso mass 40.0 [kg]
Leg mass 10.0 [kg]
Foot mass 1.0 [kg]
Torso length 1.0 [m]
Thigh neutral length 0.5 [m]
Shank neutral length 0.5 [m]
Restitution coefficient 0.0

Floor young’s modulus | 2.058 x 107 | [N/m?]

L MS International 0 000

Fig.1 Compass-like biped walking model with a
torso, and its model in the dynamical simulator
DADS
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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 Approximation by a line at the transition on
single support phase. The bigger amplitude dot-
ted curves are the absolute angles of the two legs,
and the smaller dashed curve is the absolute an-
gle of the upper body. The each solid curves
show the difference of the upper body and the
leg.
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Fig.4 Approximation by a sinusoid. The bigger am-
plitude dotted curve is the absolute angle of the
middle of the two legs, and the smaller dashed
curve is the absolute angle of the upper body.
The solid curve shows the difference of the up-
per body and the middle of the legs.
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Fig.5 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.6 Few steps with the memory based control.
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