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3The old astronomer, by Charlie Bowater

Astronomy has been,  
traditionally, 
an experience of 
solitude
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Big data is slowly 
arriving…

… new methods might 
take a little longer

Kremer et al., 2017
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The goal of the

Cosmostatistics Initiative

is to speed up this process

while acknowledging

Volatile and competitive job market
Potential contribution of non-astronomers

Diversity of personal and academic 
background
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The COIN Residence Program (CRP)
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The COIN Residence Program (CRP)

Step 1 - Choose the people
Who ƖƀƧtƒ ƭƨ coƋƥƀbƨƑaƭƄ?

StaƓƄ ƭhƞ ƑuƥƄs ƂƥƞarƋƲ,
fƑoƦ sƓƀƫt
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The COIN Residence Program (CRP)

Step 1 - Choose the people
Step 2 - Ask them on which subject they 
would like to work
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The COIN Residence Program (CRP)

Step 1 - Choose the people
Step 2 - Ask them on which subject they 
would like to work
Step 3 - give them good working 
conditions

CRP #4, 2017, Clermont Ferrand, France

Preparation, comfort, motivation
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The COIN Residence Program (CRP)

Step 1 - Choose the people
Step 2 - Ask them on which subject they 
would like to work
Step 3 - give them good working 
conditions

CRP #4, 2017, Clermont Ferrand, France
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The COIN Residence Program (CRP)

Step 1 - Choose the people
Step 2 - Ask them on which subject they 
would like to work
Step 3 - give them good working 
conditions

CRP #5, 2018, Chania, Greece
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The COIN Residence Program (CRP)

Step 1 - Choose the people
Step 2 - Ask them on which subject they 
would like to work
Step 3 - give them good working 
conditions
Step 4 - make sure they do not diverge
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+ 1 galaxy catalog
+ 1 GMM tutorial
+ 2 photoz catalogs
+ 41 open clusters

In 5 years, 
60 researchers
15 countries
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Case study:

Astronomy needs a recommendation system
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Types of astronomical data:

Photometry                 Spectroscopy

Brightness 
given wavelength
per object

Useƃ ƭƎ dƞƑiƯƄ lƚƁeƥs (cƋaƬsƄƒ)
VerƘ ƄƱpƞƍƬivƄ

Brightness per object
given wavelength range

FeƀtƮƑeƬ
(cƇeƀƩ)
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Difficulties in Big Data Scenarios

Photometry x Spectroscopy
An example from SDSS

http://www.preposterousuniverse.com/blog/2009/10/06/practicality-and-the-universe/ http://www.stsci.edu/~inr/bdpics/bd5.htm

Integration time of at least 
                                               45 minutes
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Astronomers would like spectra of everything

Spectroscopy is the key
… which we will not have

Big Data in astronomy means more 
photometry!



18

Data situation:

The Problem
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Example of things you might want to classify

Supernova Ia

Time
B

ri
gh

tn
es

s

https://phys.org/news/2014-08-ia-supernovae-stem-explosion-white.html

https://phys.org/news/2014-08-ia-supernovae-stem-explosion-white.html
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Why is this important?

Supernova Ia
Only Supernova Ia can be used as standard candles



Supernova photometric classification:

It’s complicated!

http://rsta.royalsocietypublishing.org/content/370/1960/774
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Introduction: 

Machine Learning solution
Spectra as labels, photometry as features

Training 
sample

Photometry +
Spectra (labels)

Target sample

Photometry
Determine labels
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Introduction: 

Machine Learning solution
Spectra as labels, photometry as features

Training 
sample

Photometry +
Spectra (labels)

Target sample

Photometry
Determine labels
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   Representativeness

SpeƂƭrƎƒƜƨpiƂ ƬƀmƏƥƞ
waƒ ƧƄvƞƑ ƦeƀnƓ ƭƨ be ƀ 
tƑaƈƧƢnƆ Ƭet
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Active Learning
Optimal classification, minimum training



26

AL for SN classification
Static results

Active Learning

Passive Learning

Canonical 
strategy

From COIN Residence Program #4,   Ishida et al., 2019, MNRAS, 483 (1), 2–18
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SN are transients
Not everything is available for labelling

1.    Feature extraction        
done daily with available        
observed epochs until 
then.

2.    Query sample is also         
re-defined daily:         
objects with r-mag < 24

From COIN Residence Program #4,   Ishida et al., 2019, MNRAS, 483 (1), 2–18
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Beginning from scratch

From COIN Residence Program #4,   Ishida et al., 2019, MNRAS, 483 (1), 2–18
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Does this solve the 
problem completely?

No, it is just the best you can do!

Is this the only way 
of doing it?

Certainly not!



30

What is next for this project?

❏ Agreement being drafted with a major telescope to stress test 
this idea in a more realistic astronomical scenario - world 
wide coordination with spectroscopic telescopes

❏ Adapt this to multi-fiber spectrograph - where should I point 
the telescope? 

❏ Issues still to be tackled:
❏ Uncertainties everywhere!
❏ Scalability - LSST will have 2 million alerts/night
❏ Metrics for different science goals

❏ Anomaly detection

❏ Active Learning for Regression
❏ Representativeness and correlations in uncertainty 

space
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This is a (very unique) group effort!
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What have we learn from 
the COIN experience so far?

● The human factor needs to be respected

● True interdisciplinary means freedom and requires 
trust

● The environment is very important (architecture)

● There is human potential waiting to be used in 
science in the outside world (for free)

● The most efficient way to work with astronomical 
data is to have an astronomer friend



33https://cosmostatistics-initiative.org/residence-programs/crp6/

Next time, up the mountain!

Application deadline, 10 April

https://cosmostatistics-initiative.org/residence-programs/crp6/




35

Extra Slides
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The COIN Residence Program (CRP)

Step 1 - Choose the people
Step 2 - Ask them on which subject they 
would like to work
Step 3 - give them good working 
conditions

CRP #4, 2017, Clermont Ferrand, France
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The COIN Residence Program (CRP)

Step 1 - Choose the people
Step 2 - Ask them on which subject they 
would like to work
Step 3 - give them good working 
conditions

CRP #3, 2016, Budapest, Hungary
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The queried sample
Partial LC, no training, time domain, batch

SNPCC spec:                 Queried sample:                        Telescope time: 
1103 objects                   800 objects                              Queried/spec = 0.999  

From COIN Residence Program #4,   Ishida et al., 2019, MNRAS, 483 (1), 2–18



39

AL for Photo-Z

Vilalta, Ishida et al., 2017 IEEE Symposium Series on Computational Intelligence (SSCI)







A. Connelly, TED2014

Urgency:

The data Paradigm

https://docs.google.com/file/d/0B2ihEiuQBJL2aEcyR0dmZHE5cTQ/preview


https://www.kaggle.com/c/PLAsTiCC-2018

https://www.kaggle.com/c/PLAsTiCC-2018


The repercussion

https://www.kaggle.com/c/PLAsTiCC-2018/discussion/74292 

Our data is extremely complex … 
                                     ...and this is an opportunity...

https://www.kaggle.com/c/PLAsTiCC-2018/discussion/74292


Batch Mode
Partial LC, no initial training, time domain

The arrow 
shows 

traditional
Full light-curve
results with full

SNPCC spec

From COIN Residence Program #4,   Ishida et al., 2019, MNRAS, 483 (1), 2–18


