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ABSTRACT

Deep learning, as many other disciplines in artificial intelligence, makes use of great quantities of
data to identify the important features to learn of an event or behavior. Nevertheless, when we
introduce some knowledge, such as the principles of the thermodynamics, we optimize the process
of learning and, what is more, we are capable of developing interpretable models.

The present work proposes the implementation of the so-called Structure Preserving Neural Network
(SPNN) [1] to build a model to emulate sloshing dynamics. The cited neural network learns the
GENERIC structure [2] of the dynamics by means of data. Its constraints ensure the fulfillment
of energy conservation and entropy generation to provide accurate, interpretable, and trustable
results. Following the spirit of deep learning, and given the high dimensionality of the problem,
the dataset has been projected to a lower dimensional manifold with a sparse-autoencoder. There,
we perform the learning process optimally over the main features of the dynamics embedded in the
latent space. The net has been tested with a proof-of-concept fluid, which will be the basis to learn
new behaviors.

In addition, we address the inclusion of data acquisition for learning corrections, as well as new
behaviors, from limited real-world data. When working with synthetic data for data-driven learning,
i.e. data obtained from computer simulations, we can work with state variables that are not
easily measurable, or even internal variables. We propose an approach based on Recurrent Neural
Networks to relate measurements of the free surface of a liquid from video frames with the embedded
space previously found to learn, predict and correct new behaviors.
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