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ABSTRACT

When people walk, they don’t merely take steps. Instead, they try to
accomplish certain tasks, such as maintaining a desired speed or
direction. Laboratory observations of human walking support the general
hypothesis that stepping regulation is optimal with respect to task-
dependent goals. This hypothesis has been tested by analyzing stepping
time series with linear update models based on multi-objective error
minimization. We review these experimental findings and discuss how
such stepping regulation strategies can be grounded in physics-based
dynamic walking models. The resulting integrated template models reveal
that goal-directed stepping in the sagittal plane greatly enhances a
walker’s ability to reject large disturbances, and suggests a mechanism for
fall recovery by a process of task switching. Models for lateral stepping
capture and explain the observed statistical structure in terms of
competing costs, and demonstrate the existence of semistable goal-
equivalent sets of steady gaits: perturbations off of any one gait typically
return to a different gait in the set satisfying the same stepping goals.
Semistable dynamics provides a walking paradigm that is less constraining
than provided by asymptotically stable limit cycles and, therefore, is more
suitable for biological walking, which is characterized by its flexibility and
adaptability.
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