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Major Goals: 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.

Accomplishments: 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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other grants or fellowships, but all received some training towards their PhD as a part of this grant. Here is a list of
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2. Levi Manring (PhD) - support was provided for Levi to work on this project. Levi did an internship at Los Alamos
National Labs and then was sponsored by Los Alamos until degree completion.

3. Jared Little (PhD) - support was provided for Jared to work on this project to help build an experimental
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4. Xueshe Wang (PhD) - was supported by an external fellowship, but contributed to our research group’s efforts
and wrote several papers. He graduated with a PhD in Summer 2020.
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Abstract: This paper applies empirical Floquet theory to extract characteristic multipliers from time series data
and builds upon prior works by significantly reducing the influence of experimental noise. Characteristic multipliers
(CMs), which are the eigenvalues of the transition matrix governing the evolution of transient solutions over one
period of motion, quantify the local stability of periodic orbits and can be estimated experimentally without
knowledge of the system model. Traditionally, empirical CM estimates were obtained from the transient dynamics
observed by subtracting measured steady-state behavior from a recorded perturbed response. The subtraction of
two experimentally measured quantities amplifies noise, producing inaccurate CM estimates. By applying a
moving integral to isolate the transient dynamics, this work provides an approach to reduce, rather than amplify,
the influence of noise on empirical CM results. This approach is applied to the reconstructed phase space of a nu
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Article Title: Optimizing logarithmic decrement damping estimation through uncertainty propagation

Authors: Jared A. Little, Brian P. Mann

Keywords: Logarithmic decrement Uncertainty propagation Optimization Viscous damping

Abstract: This work derives an analytical expression for the optimal number of periods between sam- ples when
estimating damping using the logarithmic decrement method. This expression, obtained from an uncertainty
analysis of the method’s principal equation, is shown to be a function of only one system parameter: the damping
ratio. This suggests that for linear sys- tems with viscous damping there is a unique, damping-dependent period
choice correspond- ing to minimum uncertainty in the estimated damping ratio. This result led to the discovery of a
constant optimal amplitude ratio offering a straightforward guideline that can be applied by the experimenter to
obtain damping ratio estimates with minimum uncertainty. The derived expressions are applied to a series of
numerical and experimental systems to confirm their validity.
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Abstract: This paper describes an approach for attractor selection (or multi-stability control) in nonlinear
dynamical systems with constrained actuation. Attractor selection is obtained using two different deep
reinforcement learning methods: 1) the cross-entropy method (CEM) and 2) the deep deterministic policy gradient
(DDPG) method. The framework and algorithms for applying these control methods are presented. Experiments
were performed on a Duffing oscillator, as it is a classic nonlinear dynamical system with multiple attractors. Both
methods achieve attractor selection under various control constraints. While these methods have nearly identical
success rates, the DDPG method has the advantages of a high learning rate, low performance variance, and a
smooth control approach. This study demonstrates the ability of two reinforcement learning approaches to achieve
constrained attractor selection.
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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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1. James Turner (PhD) - partial support was been provided until Jim won a NDSEG fellowship.
Although Jim continues to work on this topic, he is now actually supported by that national fel-
lowship. Jim graduated with a PhD in Fall 2021.

2. Levi Manring (PhD) - support was provided for Levi to work on this project. Levi did an
internship at Los Alamos National Labs and then was sponsored by Los Alamos until degree
completion.

3. Jared Little (PhD) - support was provided for Jared to work on this project to help build an
experimental demonstration of the conceptual ideas. He graduated with a PhD in Fall 2019.

4. Xueshe Wang (PhD) - was supported by an external fellowship, but contributed to our research
group’s efforts and wrote several papers. He graduated with a PhD in Summer 2020.

5. Samuel Moore (PhD) - Sam started in Fall 2021 and has contributed to this grant since he
started.
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