Data science at EGO/Virgo.
Exploring Machine Learning
techniques.

Flena Cuoco

Twitter: @elenacuoco


http://www.elenacuoco.com/
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are time series sequences... noisy time series
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QOur “signals”

Known GW signals Unknown GW signals @

Compact coalescing Core collapse
binaries has known supernovae Moving lines
theoretical waveforms Broad band noi
l road band noise
_ _ Glitch noise
Optimal filter: Matched g Optimal filter
filter ‘ l l

Too many templates to L Pat_tern recogm’qon”
test Parameters estimation by visual inspection
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https://www.zooniverse.org/projects/zooniverse/gravity-spy

Fxample of Glitch signals
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Example of other noise signals

Spectrogram of V4:spectro_LSC_DARM_300_100_0_0 : start=1189644747.000000 (Sun Sep 17 00:52:09 2017 UTC)
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Spectrogram of V1:spectro_Hrec_hoft_20000Hz_300_100_0_0 : start=1210701379.000000 (Fri May 18 17:56:01 2018 UTC)
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Numbers about data

Data Stream : Number of Number of

« 50MB/s  1-3PB » 1/week e 1/sec
» 1/day? * 0.1/sec?

| cstvemmnsn i
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How Machine Learning can help

Data conditioning Signal Detection/Classification/PE
Non linear noise coupling » Alot of fake signals due to noise
Use Neural Network to learn noise » Fastalert system
Use Neural Network to remove noise = Manage parameter estimation
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Signal detection

#'Fergus Hayes, and Chris Messeng

/ Phys. Rev. Lett. 120, 141103

@ CNN
® Matched filtering
—— SNR2
=== SNR4
—-+= SNR&

Deep learning procedure requiring only the raw data time
series as input with minimal signal pre-processing.

Performance similar to Optimal Wiener Filter



Glitch classification example

Massimiliano Razzano and Elena Cuoco
2018 Class. Quantum Grav. 35 095016
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G2net: goals of the ACTION

Investigate possible
solutions to monitor
the low-frequency
Newtonian noise
through the use of
adaptive robots.

Facilitate conceiving
innovative solutions
for the analysis of the
data of Gravitational
Wave (GW) detectors.

Investigate new
strategies for the
handling/suppression
of instrumental and
environmental noise
using Machine
Learning techniques.

Bridge the gap
between the
disciplines of GW
physics, geophysics,
computer science and
robotics

Elena Cuoco




