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Astrophysical context

● 1920 : the Great Debate
Is our galaxy, the Milky-Way, the only 
galaxy in the Universe? 

● 1924 : Edwin Hubble
Ends the debate by measuring 
cepheid variable stars in distant 
« nubulae » (i.e. distant galaxies).

● 1936 : Hubble sequence
First classification of galaxies based on 
their morphology.

« The nebulae are so numerous that 
they cannot all be studied individually. 
[…] The answer to so many questions is 
sought in the classification of nebulae »
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Galaxies and their classification
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Galaxy spectra
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History of galaxy spectra classification

Kennicut
(1992)

Dobos et al. 
(2012)

Fraix-Burnet et al.
(2021)

● 55 spectra
● Manual inspection

● 40,000 spectra
● Based on spectral 

features rather than full 
spectrum (bias)

● Manual inspection

● 700,000 spectra
● Based on full spectra
● Unsupervised
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Classification: formalism

Data

n observations yi of p 
dimensions

Label

n labels zi assigning each 
observation yi to one of the 

K classes

classification
For me, the {yi} are the 
spectra, and p the number 
of sampled wavelength
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Supervised vs. unsupervised

SUPERVISED
Learns from pre-existing 
classifications 

+ Fast
+ Convenient for routines and

pipelines
- Learning-sample dependant
- Struggles with unusual

data
- Prone to biases

UNSUPERVISED
Learns «on the go», finds 
discriminant information and 
patterns

+ Free from human biases
+ Finds statistically

discriminant features
+ Deals well with unusual data
- Can be computation heavy
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Examples: supervised

Source: https://data-flair.training/blogs/cats-dogs-classification-deep-learning-project-beginners/
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Examples: supervised

Ribeiro, Marco Tulio, Sameer Singh, et Carlos Guestrin. « “Why Should I Trust You?”: Explaining the Predictions 
of Any Classifier ». ArXiv:1602.04938 [Cs, Stat], 9 août 2016.
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Fisher-EM

E-step

Fisher-step

M-step
Projection in a discriminant subspace:
● By maximizing the Fisher criterion
● Low dimension (K-1)

Statistical criterion:
Integrated Completed Likelihood (ICL)

Multivariate Gaussian Mixture Model:

Bouveyron, C., & Brunet, C. 2012a, Stat. Comput., 22, 301
Library FisherEM on R
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Some results: on simulated spectra

Data
● n = 11 475 spectra yi

● p = 496 dimensions
● simulated with CIGALE

● 7 simulation parameters
(Tmain, Tburst,  τmain,  τburst, fburst, metallicity, E(B-V))

● noiseless
● corrected for redshift
● normalised

CIGALE

Code 
Investigating 
GALaxy 
Emission

Boquien et al. (2019, A&A 622, 103)
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Some results: on simulated spectra
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Integrated Completed Likelihood

● K<13 optimum at K=12
conv. consistent

● K=13 no convergence
● K>13 plateau, 

optimum at K=23
conv. decreases

Two regimes

On noiseless spectra:
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Some results: on simulated spectra

● ● ●

●

●

●

●

●

●
●

●

●
●

●
● ● ●0

25

50

75

100

10 12 14 16 18 20 22 24 26
Number of classes

(%
)

Convergence rate

●
●
●●●
●●
●
●
●

●

−5

−4

−3

−2

−1

0

10 12 14 16 18 20 22 24 26
Number of classes

(×
10

7 )

Integrated Completed Likelihood

● K<13 optimum at K=12
conv. consistent

● K=13 no convergence
● K>13 plateau, 

optimum at K=23
conv. decreases

Two regimes
● K=12

On noiseless spectra:



Julien Dubois - 01/12/2021Atelier OMP – Unsupervised classification of galaxy spectra14

Some results: on simulated spectra
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Some results: on simulated spectra
K=

12
K=14
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Some results: on simulated spectra

wavelength (nm) wavelength (nm)

K=12 K=14
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Some results: on simulated spectra
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Some results: on simulated spectra

When noise is added: 
example with a signal-to-noise ratio (SNR) of 20

● No more ICL break at K=13
● No convergence issues
● Optimum at K=12 (median)

Converges towards a solution 
similar to that of the K<13 regi-
me on noiseless data.
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Some results: on simulated spectra
SN

R=
20

, K
=1

2

no
ise

les
s, 

K=
12
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Some results: on simulated spectra

wavelength (nm) wavelength (nm)

SNR=20, K=12 noiseless, K=12



Julien Dubois - 01/12/2021Atelier OMP – Unsupervised classification of galaxy spectra21

Some results: on simulated spectra
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Conclusion

Take-away message:
● Fisher-EM on R is a reliable method 

for unsupervised classification in high 
dimension

● Also a Bayesian version available
● Was shown to be able to discriminate 

physical properties of galaxies via the 
spectra

E-step

Fisher-step

M-step
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Thank you !

The end
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