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Discovering variable stars
Independently on 3rd-party catalogues

Unique approach



Classification
Using artificial intelligence and novel dimensionality reduction method



Finding stars cookbook

• Capturing astronomical images

• Calibrating images

• Extracting data

• Magnitudes synchronization

• Finding varying light curves (to spot variable stars)

• Classifying the ,,most variable“ stars



Observing the sky and extracting data

Obtaining raw data Observing from AsU AV D50



Extracting from .FITS

Finding bright objects



Fail

Data are not 

cross-calibrated



Reference stars method

• Finding reference stars in images

• Comparing to web catalog

• Calculating zero-point

Disadvantages

• Relyance on web catalogue data 
(contains error)

• Complicated search of reference stars
(and not always possible)



Self referencing

Lets say most of the stars are constant

Most stars have a flat magnitude curvature

And we are finding only the varying data

Magnitudes are relative, they only make sense within this data source





Schyzo parameter

Variability index

Variance/schyzo

=

Catalogue

comparison



Light curves classification

• Obtaining training data from web catalogues

• Feature engineering

• Training classifiers

• Selecting best models



Obtaining training data

• Representative set of light curves from OGLE survey (hard to make 
them of simmilar distribution)

2000 Classical Cepheids

82     Anomalous Cepheids

203 Type II Cepheids

2000 RRLyr Stars

2000 Long Period Variables

137 Double Period Variables

23 R CrB Stars

2000 δ Sct Stars



Different stars – different light curves

Descripting graphs by features

Period, amplitude, curvature, 

variance skewness...



Key Description

amplitude (+)
Amplitude from the Fourier 

decomposition

hl_amp_ratio (+)
Ratio of higher and lower 

magnitudes than the average

kurtosis (+) Kurtosis

period (+) Period

phase_cusum (+)
Cumulative sum index over a 

phase-foled ligit curve

phase_eta (+)
Eta over a phase-foled ligit

curve

phi21 (+)
2nd and 1st phase difference 

from the Fourier decomposition

24 features inspired by 

UPSILoN paper



Feature correlation

Lower correlation (white

squares) means better

differentiantion



Dealing with high dimensionality

Andrew`s curves

mapping of features

on amplitude, 

curvature, period and 

skewness

f.e. on these features

T2Cep looks more 

differentiated than

LPV



t-distributed stochastic neighbour
embedding





Training classifiers

• Trying neural networks, support vector machines, logistic regression...



Random forest

• Overperformed all others

• Able to generalize most



Results

Trained on 2/3 of training

data and evaluated on 

remaining 1/3 (that the

algortihm never seen

before)

To ensure the algorithm

can generalise



Command line interface

IN

OUT



Results

1 Officialy registrated

and many other pending...





Trying spectroscopy...



Impacts and social relevance

• New methods and findings
• photometry

• classification

• Secondary science: get most from reusing older data 
• (even students can find their own)

• Zero-cost (no expenses on new images)
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Thank you for your attention


