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Summary

Power, physical stress, and force constraints are common in many human endeavors, but these
constraints are also prevalent in robotics, autonomous vehicles, and other engineered systems. In
addition to being constrained by power output, human and animal muscles are also constrained by
a maximal force-elongation-velocity curve. The fact that all humans and animals are limited by
such constraints requires them to think differently to achieve many complex tasks. It is the goal
of this proposal to constrain the system actuation in our experimental systems, with one or more
constraints; multiple methods will then be investigated to enable the complex dynamical systems
to learn to achieve specific tasks.

1 Specific Scientific Tasks and Objectives
This research seeks to build a research foundation for highly nonlinear dynamical systems that
learn to achieve tasks when limited by internal or environmental constraints. The primary goals
are to: (1) develop a model-free framework and forecasting strategy to enable dynamical systems
to learn to efficiently exploit their natural dynamics for otherwise unattainable tasks; (2) to in-
vestigate task achievement, such as the building up of momentum to escape from one attractor to
another, through a series of theoretical and experimental demonstrations that require a sequence
of properly timed and constrained actuation. It is believed the proposed research is fundamen-
tally important to many future generation military applications and specifically important to future
robotics applications.

2 Progress
We have developed a model-free framework and forecasting strategy to enable dynamical systems
to learn to efficiently exploit their natural dynamics. The work builds upon past literature in the
area of reinforcement learning to advance the current understanding for nonlinear dynamical sys-
tems. We have also completed an initial investigation of constraining an actuator while building
up momentum to achieve an attractor escape.

The aforementioned ideas have been applied to the problem of nonlinear systems switching at-
tractors. The focus has been on constrained actuation and limiting the energy expenditure when
applying control.
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