
Viability and Global Stability of a
Task-Regulated Compass Walker

Navendu S. Patil1,2,∗, Jonathan B. Dingwell1, Joseph P. Cusumano2

1Department of Kinesiology 2Department of Engineering Science & Mechanics ∗nsp129@psu.edu
The Pennsylvania State University, University Park, PA 16802, USA

Overview
Fall risk ⇔ dynamic stability of walking.

Hierarchical schema for biological movement:

Control to remain viable (avoid failure).
Regulation to achieve task-level goals.

Humans exploit task-level redundancies
[1, 2]; perhaps to minimize their fall risk?

We study the effect of regulation strategies
on global stability of the simplest dynamic
walker in its viable region.

Powered compass walker [3]
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Hybrid Poincaré map: xk+1 = F (xk;Pk).

Step speed: Vk = Lk/Tk

Absolute position: d−k = d+
k + Lk − v̄Tk

Task-level regulation: O ∈ {V, d−}
P opt
k := argmin

06P6Pmax

[Ok+1(xk;P )−O∗]2

Open-loop: Pk = P ∗; Regulated: Pk = P opt
k .
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Humans regulate speed while treadmill walking [1, 2]
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Viability [4]: fall avoidance via control invariance

Regulation enhances global stability: basins of attraction
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Conclusions
I Our simulations illustrate an unappreciated connection between

task-level motor regulation strategies & global stability.

I Furthermore, it suggests that humans might select strategies that most
enhance motor robustness and, hence, minimize risk of fall.
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