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Why do we need ML in astrophysics?

Morphology LSB structure Gravitational lens

Cosmic Web

Galaxy Spectra



Morphology (Hubble Sequence)

-5

-2    1                   3                      5

J. Antonio Vazquez-Mata ● jvazquez@astro.unam.mx



⅓



What kind of objects do we have? 
Sloan Digital Sky Survey (SDSS) images 
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Hubble Classification using SVM
Huertas-Company et al. (2008, 2009, 2011)

SDSS galaxies considering colour, axis 
ratio and light concentration. 

First, it was used to classify galaxies at
high redshifts i.e. very far, faint,
difficult to classify by eye.

~2000 classified galaxies as training 
sample

Good correlation with visual classification.



SDSS classified galaxies: 

~ 300 000 

carried out by thousands of “normal” 
people, and then a probability is given 
based on the number of votes. 

https://zoo4.galaxyzoo.org

Willett et al. 2013
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Galaxy Zoo (Kaggle competition)

61 578 training images

79 975 test images 

SDSS images 
45x45 pixels

WINNER:

Sander Dieleman in 2014

Dieleman et al. (2015)

J. Antonio Vazquez-Mata ● jvazquez@astro.unam.mx



Galaxy Zoo (Kaggle competition)

Dieleman et al. (2015)

Accuracy > 90%

For galaxies with high 
classification probabilities -> 
~99%
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Improving galaxy morphologies for SDSS with Deep Learning 
(Dominguez-Sanchez et al. 2018)

Catalogues:

~ 240 000 SDSS images from Galaxy Zoo (Decision tree)
~ 14 000 SDSS images from Nair et al. 2010 (Actual Hubble type)

Results:

~ 670 000 galaxies classified using SDSS images 
acc > 0.9 using GZoo
for multiclass, authors do not report accuracy
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Improving galaxy morphologies for SDSS with Deep Learning 
(Dominguez-Sanchez et al. 2018)
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SDSS and DESI

J. Antonio Vazquez-Mata ● jvazquez@astro.unam.mx



Tested methods (Cheng et al. 2019)

Using the Galaxy Zoo sample

DESI images

Binary classification:
Early / Late types

Winner:    Convolutional Neural Network
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Current work
Gaussian filter applied to DESI images 
to enhance internal structures 
(Hernández-Toledo et al. 2010) 

Tidal debris detection 

Residual image after subtracting a 
Sérsic model.

~ 6500 MaNGA galaxies

-> classification improvement 

 New challenge for the CNN
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Our CNN results 
(Luis C. Mascherpa thesis)

~10 000 galaxies from Nair et al. (2010) and
MaNGA catalogues to train

Accuracy using Inception

~ 0.94 in training without overfitting 
~ 0.92 when applying a test set (~1000 galaxies)

multiclass:

~ 0.6 due to the number of galaxies in each class
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New strategies, unsupervised classification? 

Martin et al. 2019

Using deep data from the Subaru Telescope 
(deeper than DESI)

~50 000 objects detected

160 clusters identified at higher redshifts

 Results are comparable with those 
obtained using the Hubble morphology
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Summary
● Morphology of galaxies is fundamental to study the evolution of the universe.

● Machine Learning is playing an important rôle to classify very large samples 
of galaxies.

● Limitations: large samples well classified, image resolution/processed and 
number of galaxies in each class.

● Can unsupervised morphology be the real way to face the new/future large 
galaxy samples?
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