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In this paper, a control system consisting of real-time gait generation and posture control for biped robots is
proposed for the purpose of not only providing them with locomotive ability in various modes such as walking
and running but also enabling them to obtain a high balancing ability, which cannot be gained solely from GRF
(Ground Reaction Force) control, by the full use of the said locomotive ability in different modes for posture
recovery.

Specifically, to generate a variety of approximate gaits, a dynamics model comprising two foot masses, an
inverted pendulum representing the horizontal motion of the upper body of a robot and a flywheel representing
the bending motion of its upper body is proposed.

As a way to prevent slipping and falling down of an actual robot, the motion of the inverted pendulum and that
of the flywheel are combined so as to satisfy the target ZMP and the limit of the horizontal GRF. The
“divergent component of the motion of the inverted pendulum under the time-varying vertical GRF” is defined
in order to guarantee the continuity of gait generation and is used as the boundary condition between the current
and a temporary cyclic gait.

For the purpose of reducing dynamics errors of approximate gaits, a method for error compensation for a gait
in which the vertical GRF varies is also proposed.

In order to achieve the above-mentioned posture control method which can be applied to a gait with varying
vertical GRF such as of running, the control system consisting of “combined compliance control”, “model ZMP
control” and “long-term scenario control” is proposed.

The “combined compliance control” is a method in which one foot of the walking robot is raised and the other
is lowered as if trying to tilt a seesaw back and forth having the target ZMP as its fulcrum, while each of the
soles is flexibly inclined pivoted on its own target COP so that the robot can adjust itself to the unevenness of
the ground and generate the required GRF moment for posture stabilization.

In order to reduce inclination errors of the actual robot, the “model ZMP control” applies the virtual external
force to the dynamics model for gait generation.

The “long-term scenario control” revises the scenario altered by the “model ZMP control”.

The effectiveness of the above proposed methods is demonstrated by simulations of gait generation and a

9[km/h] running experiment.
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