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Crystallization in polymer-based materials is a long-standing challenge due to

the high dimensionality of molecular conformation spaces. We develop machine

learning (ML) methods to study this non-equilibrium thermodynamic process based
on molecular dynamics simulation data. Even at the monomer level, the bound-

ary between crystalline and amorphous phases depends strongly on the chosen

order parameters. We therefore discuss a purely data-driven approach for distin-

guishing between ordered and disordered states. In particular, we combine an

autoencoder neural network, which compresses local conformation fingerprints,

with a Gaussian mixture model for clustering.

The method does not require explicit information on the expected phases or their
decision boundaries, yet shows good agreement with human-intuitive order pa-
rameters such as average orientation (AO) and stem length (SL). As an example,
we use the method to analyze detailed temporal patterns of crystalline order
before an apparent signature of the transition is visible in thermodynamic ob-
servables.
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