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“Crude classifications and false generalizations are the curse of organized life.” G. B. Shaw

ESO AIA 2019 Unsupervised Learning Alberto Krone-Martins



C#IN
|J LisBoa

Unsupervised Learning

Three astronomical examples
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Explict methods : talking with machines U
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What would you do

'. _ to find stars and galaxies

in this image?

Alberto Krone-Martins
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Explicit methods : limitations U usio

Supervised machine
learning...
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Supervised methods : limitations U i
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Classification

(Y1, .oy Yk), with y; € Z

Data
(1, ..., x)), with x; € R"
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(Y1, s Yi ), with y; € RP and p < n




Unsupervised learning : Cornerstones U

Classification
(Y1, .oy Yk), with y; € Z

Data
(1, ..., x)), with x; € R"

Lower dimensional representation
(Y1, s Yi ), with y; € RP and p < n

Clustering can be seen as a limit case of dimensionality reduction




1) LISHOM

Unsupervised learning : Ingredients

Classification
(1, ..., xg), with x; € R" (Y1, - Yi ), with y; € Z




Classification
(r1,...,xK), with x; € R" (Y1 ooy Yi ), With y; € Z

Euclidean j

Manhattan
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Data Classification
(1, ..., xg), with x; € R" (Y1, - Yi ), with y; € Z
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Data

Clustering
(5131, ...,in),With x; € R"

Classification
(ylv ceey yk)7W1th Y; € 7,

Iteration 1

Random centers

Move centers!
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Classification
(ylv ceey yk)7W1th Y; € 7,
Alberto Krone-Martins
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Iteration 2
Unsupervised Learning

Clustering
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Unsuperv

Random centers
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Data Clustering Classification
(a;l,...,xk),with x; € R" (yl,...,yk),with Y; € Z

Iteration 3
New Centers Class assignment

_|_

Move centers!
Find cluster?

Euclidean
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Classification
(ylv ceey yk)7W1th Y; € 7,

ing
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Iteration 4

Clustering
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Classification
(ylv ceey yk)7W1th Y; € 7,
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Iteration 5

Clustering
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Classification
(ylv ceey yk)7W1th Y; € 7,

ing
Class assignment
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Clustering
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Final iteration
Euclidean
Unsupervised Learning

©)

Unsuperv

New Centers
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Data Clustering » Classification
(a;l,...,xk),with x; € R" (yl,...,yk),with Y; € Z

Hierarchical

Agglomerative

Iteration 1
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Data » Clustering »
., Tk ), with x; € R™

Hierarchical

Classification
(ylv ceey yk)7W1th Y; € 7,

Agglomerative

Ilteration 1 ]
Clustering 1

@ O
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Data » Clustering »
., Tk ), with x; € R™

Hierarchical

Classification
(ylv ceey yk)7W1th Y; € 7,

Agglomerative

Ilteration 2 ]
Clustering 2

e @(®0
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Data » Clustering »
., Tk ), with x; € R™

Hierarchical

Classification
(ylv ceey yk)7W1th Y; € 7,

Agglomerative

Iteration 3 _
Clustering 3

(@&
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Data » Clustering »
., Tk ), with x; € R™

Hierarchical

Classification
(ylv ceey yk)7W1th Y; € 7,

Agglomerative

Representation : Dendrograms
Clustering 3

GSE
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Classification
(1, ..., xg), with x; € R" (Y1, - Yi ), with y; € Z
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Lower dimensional representation
(1, ..., xg), with x; € R" (Y1, -5 Yi ), with y; € RP and p < n
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Lower dimensional representation
(z1, ..., T ), with z; € R" (Y1, -, yx), with y; € RP,and p < n
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Lower dimensional representation
(z1, ..., T ), with z; € R" (Y1, -, yx), with y; € RP,and p < n
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Lower dimensional representation
(1, ..., xg), with x; € R" (Y1, -5 Yi ), with y; € RP and p < n
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Photometry, positions, etc.

UPMASK

Algorithms:
PCA, k-means

clustering, KDE2D,
random field

construction, PDF-

sampling, iterations

ESA/DPAC/U.Lisboa/CENTRA
Membership scores
Krone-Martins & Moitinho, 2014
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ESA/DPAC/U.Lisboa/CENTRA
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Photometry, positions, etc.

UPMASK

Algorithms: Dim. Reduction
PCA, k-means

Supervised vetoing clustering, KDE2D,
random field
construction, PDF-

Iterative procedure sampling, iterations

Unsupervised clustering

Membership scores

Krone-Martins & Moitinho, 2014

Unsupervised Learning Alberto Krone-Martins



Photometry, positions, etc.

UPMASK

Algorithms: Dim. Reduction
PCA, k-means
Supervised vetoing clustering, KDE2D,
random field
construction, PDF-

Iterative procedure sampling, iterations

Unsupervised clustering

ESA/DPAC/U.Lisboa/CENTRA
Membership scores

Krone-Martins & Moitinho, 2014

Does it look like a
known cluster?

Cantat-Gaudi, Krone-Martins, et al., 2019
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3000

3000

2000

ESA/DPAC/U.Lisboa/CENTRA

1000

Galactic
centre
- 1000

=5000 —-4000 -3000 -=2000 -1000 [ 1000
Cantat-Gaudi, Krone-Martins, et al., 2019 X [p€]

=3000

Cantat-Gaudi, et al., 2018

101 new stellar clusters

from Gaia DR2
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ESA/DPAC/U.Lisboa/CENTRA

NASA/Caltech/IPAC

yesayasoftware.com
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Flisvos

Dimension and data

randomization

Cluster reduction to 2 clusters

Supervised boundaries (from
the usupervised clustering)

the separating hyperplane

Unsupervised clustering

ESA/DPAC/U.Lisboa/CENTRA

Loop while delta(“score”)

! !

|

«— Compute final score

lterative procedure
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ESA/DPAC/U.Lisboa/CENTRA

Cluster ...
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ESA/DPAC/U.Lisboa/CENTRA

Mostly stars in
MW satellite galaxies

Unresolved galaxies

Cluster ...
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NASA/Caltech/IPAC

-90

Using Gaia DR2
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Unsupervised learning : Lensed Quasars

ESA/DPAC/U.Lisboa/CENTRA
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Unsupervised learning : Lensed Quasars

Among the most interesting (and useful) extragalactic phenomena...

modelling: astrometry + photometry + spectroscopy

measurement: (14 21) drds .
photometry 7 = )

time-series drs
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Unsupervised learning : Lensed Quasars

Among the most interesting (and useful) extragalactic phenomena...

modelling: astrometry + photo»

measurement:
photometry
time-series
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Unsupervised learning : Lensed Quasars

Lens candidate selection

Astrometric + photometric Astrometry +

patterns + ERTs lower lightcurve entropy
+SVM

Image wavelet
power spectrum
signatures +
hierarchical
clustering

. v L e e D e e W
. spgy v »
22
i sdd
. “es “ew

+Astrometry
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__Unsupervised learning : Lensed Quasars

; DY
= v BNTRA

Lens candidate selection

Tctal pewaer per scale

Image wavelet
power spectrum
signatures +
hierarchical
clustering

+Astrometry
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__Unsupervised learning : Lensed Quasars
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—_— Wavelet analysis Wavelet powerspectrum
e Wavelet analysis Wavelet powerspectrum

— -
Image (g-r) —_ Wavelet analysis Wavelet powerspectrum
Image (r-i) —> Wavelet analysis Wavelet powerspectrum .

—-
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__Unsupervised learning : Lensed Quasars
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Wavelet Scale & Channel
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Inside the machinery...

Lens candidate selection

— -
Astrometric + photometric Astrometry + Candidates

patterns + ERTs lower lightcurve entropy
. + SVM

—— Lens spectroscopic confirmation

- . Tctal pcwer per scale
BURTS i, Image wavelet -BE
| power spectrum y i S

signatures +
hierarchical

clustering

+Astrometry 3 e H Rt te oY) “

Results

An Agile Software Engineering methodology
approach while doing Science...
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GraL confirmed lenses: May/2018 - April/2019
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GRAL113100-441959
(11h 31m 0.042s; —44° 19' 59.370")

Ad [arcsec]

05 00 -05 -10 -15
Aa cos(d) [arcsec]
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Thank you!

SL/ML methods are “just” engines,

we can profit much more by building “ships”
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