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Gravitational waves -
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Propagation of GW

They stretch and squeeze anything in thg,if:path
but in a such a small scale that it |s nearly
iImpossible to detect them.

Source: China Features



Detection principle:
Laser interferometry
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Photodetector

Fabry-Perot arm cavity




Types of signals

* One time cataclysmic events — mergers of binary
systems (BHBH, NSNS, BHNS)

* Periodic phenomena — rotating non-
axisymmetric neutron stars, wide binary systems
(power of magnitudes weaker)
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Evolution of binary system

Inspiral

Post — Newtonian
Theory

Source: Obtaining gravitational waves from inspiral binary systems using LIGO data;
Antelis, J. et al. 2016




Current discoveries

Hanford, Washington (H1) Livingston, Louisiana (L1)

— L1 observed

—— H1 observed H1 observed (shifted, inverted)
N )

Strain (102}

—— Numerical relativity —— Numerical relativity
Reconstructed (wavelet) Reconstructed (wavelet)
Reconstructed (template) Reconstructed (template)
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Challenge
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F-statistics

lNme domain frame data E

__}__ " Epbeeris data '

E Short Fourder Transform | T :
Data Base (SFDB) (i, Lab

Marrow=-band time Optimal grid

domain segment s of parameters
_ o

Rensitivity Search for candidates
upper limits in time-domain segments

Estimate of FAP,
study of outlicrs

Source:github.com/mbejger/polgraw-allsky.gt



Why Machine Learnhing?
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Sensitivity curve of Virgo
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Glitch — transient
noise event

Whitened strain

Time series signal of
Binary Black Hole

Time (s)

Source: Gabbard, H. et al.#2017



Motivation

* Promising tool in classification of complex
patterns and weak signals

* |t may be essential for the classification of
periodic signals!

* Alternative for Fourier transform based methods

* Noise reduction of unknown sources
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F-statistics candidates
classification

» Convolutional neural networks — search for
patterns in 2D data (images)

» Data sets containing various SNRs and
frequency of the signal (various number of
points)

* Our own definition of SNR — integrated over
whole signal; increases both with width of time
window and amplitude of the signal




(G
e
(G
5
-
Q
e
(G
-
Q
-
),
O

frequency derivative

frequency

.. .. - " ol
. - e s e

. = ocoemm

. - - 8 MEaEs S

ss s @ E S0 WAEE EEeE.
L] - e me e @M NaEE

T T T T
n = " 2
['=] ['=] 's] 's]

o o " tudmEE

"o sme s smes =N

. s ¢ cmen sum
P Y ’l""& L

. e L] ooolllli -

L] - RN

. Segdeee P ABE |

right ascension

declination




Convolutional neural network
- Multi Instance Learning

Inpuc layer (51) 4 feacure maps

Inpuc layer

(51) 4 feacure maps

: f (C1) 4 feawure maps (52} 6 feature maps {C2) & feature maps

convolution layer sub-sampling layer conmvolution layer sub-sampling layer ) fully connecced MLP

source: deeplearning4j.com



Real vs predicted data, accuracy: 0.9573119893279973
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Real vs predicted data, accuracy: 0.8250497017892644
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Periodic signal classificati

» Long-Short-Term-Memory network — search for
patterns in time series data
» Different types of periodicity of the signal




Amplitude
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Generated data
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Perdicted

data
Real vs predicted data, accuracy: 0.999166493019379 1200

Noise
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Perdicted

data __ Real vs predicted data, accuracy: 0.5178162117107731
: 386 24 343 173
Noise
N H 81 73 68 I 600
Periodic
Ampl. 339 98 339 162
mod
Freq.
mod 451 79 423 777
Noise =~ Periodic Ampl. Mod Freq. Mod

Real data




Machine Learning proved to be
promising method for signal
classification!

Both, In terms of

and




Problems \

* Performance of computing on CUDA 7 'and
Tensorflow 1.4

» Parallel GPUs — loss of & ccuracy, averaging
after epochs

......



Horovod - tests of noise
reduction: bigaer loss - worse

White noise

— Parallel GPUs

¢ Local
Long

A Loc-Prom

» Prom-Loc

val_loss

Pink noise

B Prometheus
¢ Local
Long

Single GPU,
Mixed GPUs ) N 4 s promLoc

val_loss
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Future...

» Overtraining issue for high frequency solved
 Merge LSTM and CNN in one MIL

 Test child algorithm _
* Test models on multi GF




Machine Learning proved to be
promising method for signal
classification!

Both, In terms of

and
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