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Robot Motion Generation using Dynamical Consistency via Nonlinear State-space Mapping
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This paper proposes a controller design method from a given stabilized system. Between two dynamical systems,
a state-space mapping is introduced satisfying dynamical consistency. Not only motions but also controllers are
transformed based on the obtained mapping to generate dynamically equivalent motion. For linear systems, a linear
state transformation is introduced based on eigen value decomposition of state transition matrix, and the effectiveness
of the proposed method is evaluated by using two inverted pendulum systems. Moreover, by transforming the inverted
pendulum motion into a two mass spring system, it is shown that the proposed method is available for completely
different systems. For nonlinear systems, a nonlinear state transformation is utilized and conditional equations to be
satisfied for transformation are introduced. The proposed method does not suffer from time-delay of the closed loop
system because of the attractor based controller. The proposed method is applied to the tap dancing robots and the

effectiveness is evaluated by experiments.
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Fig.1 Feedback control system for robot motion generation
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Fig.2 Vector field in state space
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Fig.3 State-space mapping
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Fig.4 Inverted pendulum systems
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Fig.5 Motion of the small inverted pendulum
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Fig.6 Motion of the large inverted pendulum
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Fig.9 Tap dancing robot and its model
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