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Recap.

Machine Learning has been revolutionary
Input

Layer 1

Output

Layer 3

Layer 5

LeNet-5 (LeCun 1998)



Antonia Vojtekova

Enhancing Hubble

SHORT EXP INPUT AstroUNET-1 LONG EXP TARGET

Vojtekova+21



Enhancing X-ray imaging
Sam Sweere 

arXiv:2205.01152Traditional pipelines (Non ML)

INPUT SHORT EXP GAUSSIAN BLUR WAVELET FILTER LONG EXP



Sam Sweere 
arXiv:2205.01152

Enhancing X-ray imaging

SHORT EXP 
INPUT XMM-DeNoise Wavelet filtered LONG EXP

Messier 51



X-RAY

OPTICAL

XCLASS/XMM/SDSS

Matej 
Kosiba





FPR =  FP / (FP + TN)

TPR =  TP / (TP + FN)

Kosiba+20



THE LARGEST 

BOUND OBJECTS
GRAVITATIONALLY

Dolag



J. Hartlap



Lieu+16



RASIA+2012
Relaxed



RASIA+2012
Disturbed



0.62 Gyr

19.53 Gyr
tcool =

3

2

(ne + ni)kBT

neni⇤(T, Z)
<latexit sha1_base64="6+IRFkAx/tHYhp/QK+ij1fMuSNE="></latexit>

Cooling time



How to measure morphology?

Santos+2008:

Maughan+2012:

Others: centroid shift, hardness ratio, etc. (see Rasia+12, Ghirardini+21)



Input x

Label y
M500 = 1⇥ 1015M�

<latexit sha1_base64="rcWdqpepUwdhMShjJOrYlC1TNZg=">AAACCnicdZDLSgMxFIYz3q23UZduokVwNWS01XYhCG7cCArWFjp1yKSphmYmQ3JGKEPXbnwVNy4UcesTuPNtTC+Iiv4QOHz/OZycP0qlMEDIhzMxOTU9Mzs3X1hYXFpecVfXLo3KNOM1pqTSjYgaLkXCayBA8kaqOY0jyetR93jg12+5NkIlF9BLeSum14noCEbBotDdPA3zMiF9fIj9AETMDfbJVe6X+/g0DFRbQegWiVetViuVfex7ZCg8IiXyRYporLPQfQ/aimUxT4BJakzTJym0cqpBMMn7hSAzPKWsS69505YJtUtb+fCUPt62pI07StuXAB7S7xM5jY3pxZHtjCncmN/eAP7lNTPoVFq5SNIMeMJGizqZxKDwIBfcFpozkD1bUKaF/StmN1RTBja9gg3h6/b/i8tdz9/zyuel4pE3jmMObaAttIN8dICO0Ak6QzXE0B16QE/o2bl3Hp0X53XUOuGMZ9bRDzlvn1LImME=</latexit>

Prediction ŷ

M500 = 9⇥ 1014M�
<latexit sha1_base64="3cLOZNeHA/85TVUQ23o5O3klM0k=">AAACCnicdZDLSgMxFIYz3q23qks30SK4GjLaarsQBDduBAVrC20dMpmMhmYmQ3JGKEPXbnwVNy4UcesTuPNtTC+Iiv4QOHz/OZycP0ilMEDIhzMxOTU9Mzs3X1hYXFpeKa6uXRqVacbrTEmlmwE1XIqE10GA5M1UcxoHkjeC7vHAb9xybYRKLqCX8k5MrxMRCUbBIr+4eernFUL6+BDX2iBibrBHrnKv3MenfluFCvxiibi1Wq1a3ceeS4bCI1ImX6SExjrzi+/tULEs5gkwSY1peSSFTk41CCZ5v9DODE8p69Jr3rJlQu3STj48pY+3LQlxpLR9CeAh/T6R09iYXhzYzpjCjfntDeBfXiuDqNrJRZJmwBM2WhRlEoPCg1xwKDRnIHu2oEwL+1fMbqimDGx6BRvC1+3/F5e7rrfnVs7LpSN3HMcc2kBbaAd56AAdoRN0huqIoTv0gJ7Qs3PvPDovzuuodcIZz6yjH3LePgFeC5jI</latexit>

Supervised learning



x y z

Illustris TNG300 simulations



Santos+2008:



Maughan+2012:



1.94x1015M⊙

7.2x1013M⊙

MASS



7.91keV

0.01keV

Temperature



Cooling  
time



Supervised learning is easy



Science goals

‣A data-driven, unbiased, interpretable model to describe clusters



Input data

Output data

Unsupervised learning



Variational Autoencoder (VAE)
Input data Output data

Encoder Decoder
𝛍,𝛔 z

z ~ N(𝛍,𝛔)

Latent space



Loss

Reconstruction 
Loss

KL divergence 
Loss+

input output

minimize minimize

latent space unit gaussian



ESA/Planck Colab./STScI
HERPICH+2013

Astronomical objects are 3D



Sampler

Grid 
Generator

Localisation 
Network

STN transformer

Localisation 
Network

Sampler

𝛉

Grid

Grid 
Generator

𝛉 = (x scale, y scale, rotation, dx, dy) 
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reconstruction lossAstroSTN

Bamford+(in prep.)



(Preliminary) Results



The Latent space



0 1 2 3-3 -2 -1

Visualising latent space
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Take home message

‣Supervised learning is easy 

‣ Supervised learning only as good as the training data quality 

‣Unsupervised learning for exploratory data analysis 

‣Spatial transformer networks remove expendible features



Bonus slide

Bamford+(in prep.)



Questions?


