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Crystallography
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Powder Diffraction 

IN: Neutron beams

Unknown Power of Crystals  

Out: Particle intensities at each angle

Atoms in Crystal
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Classification and Analysis: The Hard Part

3 examples of  
P-Orthorhombic
crystals

3 examples of
I-Tetragonal
crystals

4



The Goal

?
Diffraction Experiments

Unknown Crystal 
Structure Indexing/Classification 

Bravais lattice
 & 

Space Group

Neural Network
Why Deep Learning??!
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Deep Learning and Neural Networks(NN)

OR ?
Training Stage
Test Stage

1 epoch = 1 pass through dataset
Training = Homework, 
Testing = Exam

How? Really good math
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What do we get?

[0.88,0.12] 

෍%𝑛 = 1[        %,       %] 

Normal/Top 1 Accuracy: If label is highest model prediction 

Top 3 Accuracy: If Label among top 3 model predictions

7



Methodology
ResNet CNN CNN

(Lolla et al.,2021)

180k Set
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De-Duplicating

Lost ~33% of data (~180k -> ~120k)

Chemical Name PubYear Space Group

Whole
Dataset

Chemical 
name
Space 
Group

MnO3
SG: 5

De-Duplicated
Dataset

Ag1
SG: 24

Size = 1

Most Recent 
Entry

Closest to 
Median 
Volume

Size > 1

Si
ze

 =
 1

Size > 1
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Duplicated Vs De-Duplicated Data Performance

Loosing ~33% of data
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Does the resolution of the experiment help? 
Low Res

High Res

~85%
~80%

~55%
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Training Time(Epochs)
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Let's add the more data to try to get better?

+
~120k                                               ~1.1 million ~91%

~80%

~58%

Training
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The real issue: Label Imbalance 

~90% of dataset
is taken up by 2/230 labels

Top 2:
P1
P2₁/c

(most of these 
have ~2 entries)
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Data Augmentation

P-Monoclinic F-Cubic
Bravais 
Lattice

Random 
Sample n 

Augmented Set

Random Sample 1 & create new .cif
Lattice angles shifted within ±10 

degrees
Lattice lengths shifted within  ±20%

Working 
Set

10% of Each BL →
 Rest of Data

Original Dataset

Test Set

Size < nSize >= n

until
size = n
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Data Augmentation to 50k Balanced 
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Conclusions and Next Steps 
•De-Duping matters

•Our resolution testing didn’t change much

•Adding more data helped, but it wasn’t enough to 
overcome label imbalance 

•Data augmentation is promising and strongly needed

•Moving to more complex cases
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Swapping Hydrogen with Deuterium

Det. 
Could 
get 
better
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