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Objective

Data and Data Processing

A chaotic system is one that is
especially sensitive to initial
conditions and does not exhibit any
repeating behavior. We seek to build a
machine learning model that can
reflect the chaotic nature of a double
pendulum without any prior
knowledge about the physics of the
system. We find that a Long Short
Term Memory Network performs
especially well at this task.

• Data was generated from the Lagrange
equation via Runge-Kutta method.
• State of the pendulum is described by
positions and velocities for both bobs
• Contains 1000 time series with 10,000
states of the pendulum for the first 10
seconds.
The data was processed into two parts. In
one we make a Markovian Assumption to
pair data at consecutive time points. In the
other we construct a regular time series of
states over 10 seconds.

Double Pendulum Background

Models

The Double Pendulum system is a
widely used system to study nonlinear behavior and chaotic
phenomena. At large initial angles
there are no closed solutions that
can describe the trajectory of the
pendulum as the motion is chaotic.

Linear Regression

Results

Discussion
Small Angles Cases
Linear regression with feature maps and
auto regression performed well.

Markovian Assumption Fails
Since the phase space is extremely
large, ANN is not able to capture all the
details of the chaotic system.

Normalization with LSTM Succeeds
LTSM Trajectory Prediction

Bias Variance Tradeoff
1. LSTM normalization reduces variance.
2. Neural Network has high variance.
3. Auto and linear regression has high bias.

Future Work

Techniques: Polynomial Feature Map

Autoregressive Model

NN Trajectory Prediction

Techniques: ARIMA

Feed Forward Neural Network
Techniques: L2 Regularization, ReLU and
Linear Activations, Hyperparameter
Tuning, Learning Rate Decay

• Explore how to generalize ANN to
predict the entire path of the
double pendulum for any initial
condition.
• Learn the chaotic map between
two consecutive states in the
pendulum.
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The memory states of LSTM allows it to
accurately predict the chaotic nature
of the pendulum. The RMSE is 0.02.
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