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Leg Task Models for Reproducing Human Dance Motions

on Biped Humanoid Robots

Shinichiro Nakaoka*!, Atsushi Nakazawa*2, Fumio Kanehiro*?, Kenji Kaneko*?,

Mitsuharu Morisawa*?, Hirohisa Hirukawa*3

and Katsushi Ikeuchi**

In this paper, we propose a method that enables a biped humanoid robot to reproduce human dance motions with

its whole body.

its own legs to support the body during a dance performance.

Our method is based on the paradigm of Learning from Observation.

In this study, a robot uses

We propose leg task models, which can solve the

problems caused by severe constraints in adapting human motions to the legs of a robot. First, elements of the leg

task models are recognized from motion data captured from human performances. Then motion data of a robot is

regenerated from the recognized elements so that the motion is stably executable on the robot.
verified by experiments on a humanoid robot HRP-2 using a traditional folk dance.

Our method was

HRP-2 successfully performed

dance motions that were automatically reproduced from motion data captured from human dance performances.
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1. Demonstration and Observation

Fig.1 Concept image of the LFO paradigm. A robot learns and
executes a performance through the three steps shown.
Recognition and execution are based on task models de-
fined from the top down
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Fig.2 The defined tasks.
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Table 1 Skill parameters.
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Ysu is the local coordinate from a
support sole

Labels in parentheses show the

Common to Beginning time
ty Finishing time
STAND -
STEP Parameters of the swing sole
Ty Horizontal position on ¥s, at ¢
Ry attitude on sy at ty
Parameters of the waist
Yy Yaw orientation on s, at tf
Parameters of the mid-point (option)
t1 Time of the mid-point
r1, R, Position and orientation of the swing
sole on X, at ¢
SQUAT tq Time of the mid-point
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(a) vertical (z-axis) position of a foot (toe marker)
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Fig.4 Trajectories of a human foot motion. Each filled area
corresponds to one STEP task in proper thresholds
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(a) vertical (z-axis) position of the waist
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Fig.5 Vertical motion trajectories of the waist. Each filled area
corresponds to one SQUAT task in a proper threshold
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Fig.6 Overview of the task generation system

] [D Process [:] Data type ]

Table 2 Execution parameters

hr  Reference sole height for horizontal impact reduction

h, Reference sole height for vertical impact reduction

vy Velocity threshold for vertical impact reduction

hy Default waist height

hs Default stepping height

t; Time margin of ZMP transition

tp, Time threshold for pausing ZMP

0s Angle margin of the knee joints for preventing the sin-
gular point

At Time resolution of motion trajectories
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Fig.7 Graphs of generated foot trajectories. Dashed lines show
normal trajectories and solid lines show trajectories to
which the smooth factors are applied
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Fig. 12 Fault examples. (a) is an overrunning of the angle limit

of a coxa yaw joint. (b) is an overrunning of the pos-

sible step distance. (c) is a self-collision between the

knee joints. (d) is a self-collision during stepping
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