
Arseniy Burov

Machine-learning XRD Patterns 
analysis

 

November, 2025

Crystallography and Crystal Chemistry
IX International School-Conference of 
Young Scientists 2025



2

Some unknown phase from 
the experiment. 

We have XRD pattern?

How to identify it?



3

Crystal structure representation for NN

Given a pattern to be classified, a Fourier transform (FT) is used to calculate its virtual PDF. 

Szymanski, N. (2024). npj Computational Materials, 10(45).
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Types on NN used for XRD detection

Model architecture specifications used. We have a Standard convolutional neural network 
(SCNN) and b multi-layer perceptron (MLP) architectures. 

Salgado, E. (2023). npj Computational Materials, 9(214).
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Multi-phase test Szymanski, N. (2024). npj Computational Materials, 10(45).
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Example from “cutting-edge” science 
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Example from “cutting-edge” science 
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Post-analysis of the results

Error 1 – is a very poor fit, such that 
the fitted model is meaningless. 

Error 2 – where a different CIF has 
been used for refinement compared 
with that in the paper and in the 
Materials Project. 

Error 3 – where the predicted 
structure has ordered cations but 
there is no evidence for order, and a 
known disordered version of the 
compound exists. 

Error 4 – where the compound is 
correctly identified but is already 
reported.
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Pre-trained model of XRD-AutoAnalyzer

Was pretrained on the Li–Mn–Ti–O–F chemical space (46 structures) 

https://github.com/njszym/XRD-AutoAnalyzer
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Pre-trained model of XRD-AutoAnalyzer

https://github.com/njszym/XRD-AutoAnalyzer
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Original chemical space: Li–Mn–Ti–O–F (multi-phase)
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Original chemical space: Li–Mn–Ti–O–F (lab sample)
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How to evaluate the stability of a structure?
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Structure mining from Materials Project: Li–Ni–O–H–F

Stable phases: 32 samples with 
energy above the hull = 0 eV/atom
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Structure mining from Materials Project: Li–Ni–O–H–F

Metatable phases: 239 samples 
with energy above the hull = 0 
eV/atom
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Structures in the training dataset

Li–Ni–O–H–F chemical space (362 entries):

MP phases with E_above_the_hull < 0.02 eV/atom

Last training epoch: 
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Test on Li-rich NMC (lab sample)



Thx


