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In this paper, we present a framework for learning biped locomotion using dynamical movement
primitives based on nonlinear oscillators. Our ultimate goal is to establish a design principle of a con-
troller in order to achieve natural human-like locomotion. We suggest dynamical movement primitives
as a central pattern generator (CPG) of a biped robot, an approach we have previously proposed for

learning and encoding complex human movements.

Demonstrated trajectories are learned through

movement primitives by locally weighted regression, and the frequency of the learned trajectories is
adjusted automatically by a frequency adaptation algorithm based on phase resetting and entrainment
of coupled oscillators. Numerical simulations and experimental implementation on a physical robot
demonstrate that robust biped walking against external perturbations and environmental changes can

be achieved with the proposed algorithm.

Key Words : Biped Locomotion, Learning from Demonstration, Dynamical Movement Primitives,
Locally Weighted Regression, Phase Resetting
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Fig. 1 Left: Physical system. Right: Five-link model of
the robot.
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Fig. 2 Proposed control architecture for biped locomotion
with dynamical movement primitives.
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Fig. 3 Numerical evaluation of the robustness of walking
against external perturbations. The plot shows the magni-
tude of the maximum external forces which the robot toler-
ated.
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Fig. 4 An example of the response against backward per-
turbations. The robot is pushed backward by a perturbation
force of —2.0 N for a duration of 0.1 sec at ¢ = 2.0. (a) with
phase resetting. (b) without phase resetting.
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Fig. 7 Snapshots of a walking experiment over surfaces with different friction properties and a seesaw-like metal plate with a

slight change in the slope.
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