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Predictive Dynamics: an optimization based method for human motion simulation

Abstract:

Predictive dynamics is an approach for simulating realistic human motion in a virtual world with an
optimization—based motion prediction. With this approach, motion is governed by human
performance measures, such as speed and energy, which act as objective functions to be optimized.
It avoids direct integration of differential-algebraic equations in order to create the resulting
simulations for redundant digital human models. Instead, it formulates an optimization problem by
defining appropriate performance measures and constraints to recover the real motion of the dynamic
system. In the formulation, both kinematics and kinetics parameters serve as unknowns, and
equations of motion are treated as equality constraints. Procedures to choose physical performance
measures and appropriate constraints based on the available information about the bio—system are
presented. Constraints on joint torques and angles are imposed quite easily. Predicting motion in
this way allows one to use avatars to study how and why humans move the way they do, given
specific scenarios. It also enables avatars to react to infinitely many scenarios with substantial
autonomy. Such motion prediction capabilities have a wide variety of applications for industries

ranging from automotive to military to clinical analysis and design.
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