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Outlin
e 

I.  Gravitational waves in a nutshell 
II.  Why real time analysis 
III.  From In-time analysis to Wavefier prototype 
IV.  The technical / implementation aspects 
V.  What’s next 
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What are Gravitational Waves (GWs)? 

4	
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GEO, Hannover, 600 m 

aLIGO Livingston, 4 km 

AdV, Cascina, 3 km 

aLIGO Hanford, 4 km 

2015	
2017	

~2019	

~2025	

LIGO	Scientific	Collaboration:	
•  1263	collaborators	(including	GEO)	
•  20	countries	
•  9	computing	centres	
•  ~1.5	G$	of	total	investment	

Virgo	Collaboration:	
•  343	collaborators		
•  6	countries	
•  6	computing	centres	
•  ~0.42	G€	of	total	investment	

2	

KAGRA	Collaboration:	
•  260	collaborators		
•  12	countries	
•  5	computing	centres	
•  ~16.4	G¥	of	construction	costs	

It	will	operate	as	part	of	the	
LIGO	Network	and	Collaboration	

International collaboration 
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LIGO/Virgo data 

Time	series	sequences…	noisy	Ime	series	with	low	amplitude	GW	signal	
buried	in	

Data	flux	stream:	50MB/s	
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• Known	
waveform	
• Transient	
signal	

Compact	binary	
coalescence	
(CBC)	

• Unknown	
waveform	
• Transient	
signal	

Core	Collapse	
Supernovae	
(CCSN)	

• Known	
waveform	
• Persistent	
signal		

Con<nuous	
Waves	(CW)	

• Unknown	
model	
• Persistent	
signal	

Stochas<c	
Background	(SB)	

Which kind of astrophysical sources? 
I. 
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Which kind of noise? 
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The first GW catalog (O1/O2 run) 

9	

GWTC-1:	A	Gravita<onal-Wave	Transient	
Catalog	of	Compact	Binary	Mergers	Observed	
by	LIGO	and	Virgo	during	the	First	and	Second	
Observing	Runs	arxiv.org/abs/1811.12907	
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Why real time analysis 
Use	of	Machine	learning	
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17 August 2017, 12:41:04 UT 
The MultiMessenger Astronomy 

11	

DOI:10.1103/PhysRevLett.119.161101. 
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Low Latency data analysis 

GW	detec<on	 GW	candidates	 Sky	localiza<on	 Event	valida<on	GW	
alert	

EM	
observatories	

From	few	minutes	to	30	minutes	
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GW alert system 

hFps://emfollow.docs.ligo.org/userguide/index.html	
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O3 event rate ~1/week. Up to now 32 events! 
II.
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If	we	are	able	to	classify	the	noise	events,		
we	can	clean	the	data	in	a	fast	way	

Transient Signal Classification using Machine 
Learning 
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hTps://www.zooniverse.org/projects/zooniverse/gravity-spy	

Gravity	Spy,	Zevin	et	al	(2017)	
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Artificial Intelligence workflow 
II.
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Supervised		
• We	need	a	labeled	
training	data	set	

• We	want	to	
disentangles	
‘glitches’	due	to	
noise	from	
‘transient	signals’	
due	to	astrophysical	
signals	

Unsupervised	
• Extract	signal	
features	

• We	try	to	catch	
main	rela<ons		
among	the	
detected	signals	to	
create	cluster	of	
classes	

Machine learning implemented pipeline 
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From In-time analysis to 
Wavefier prototype 
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Data	
Whitening	
in	<me	
domain	

Wavelet	
transform	 De-noising	 Parameter	

es<ma<on	
Trigger	
list	

ETG*: Wavelet Detection Filter (WDF) workflow 

19	
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*	ETG=	Event	Trigger	Generator	
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In-Time Analysis running @VIRGO 

hFps://wdf.virgo-gw.eu/	
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Why Wavefier and Key Objectives 
○ Setup	a	prototype	for	a	real	<me	pipeline	for	the	detecIon	
of	transient	signals	and	their	automaIc	classificaIon		

○ Best	prac<ces	for	somware	management		

○ Test	different	somware	architecture	solu<ons	to	prototype	
a	scalable	pipeline	for	big	data	analysis	in	GW	context.	

○ Interoperability	and	access	to	data	and	services	

○ ICT	services	suppor<ng	research	infrastructures	

○ Use	of	data	in	network	infrastructures	and	services	

○ Big	data	and	Machine	Learning		solu<on	easy	to	plug-in		

○ Test	on	cluster	infrastructures	
21 III
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The technical and 
implementation aspects 

22 
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Architecture Overview 
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Wavefier	
Architecture	
Macro	Areas		

Data	
Management	

Data	
Processing	

Repor<ng	
Management	
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Architecture Overview – Data Injection 

Data	management	
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Architecture Overview – Processing Data 
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Architecture Overview – Reporting  
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Architecture Overview 
IV

. T
he

 te
ch

ni
ca

l a
nd

 im
pl

em
en

ta
tio

n 
as

pe
ct

s 



H2020-Astronomy	ESFRI	and	Research	Infrastructure	Cluster	(Grant	Agreement	number:	653477).	

Software Deployment  
IV
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Apache Kafka 
Open-source	stream-processing	somware	plaoorm	developed	by	LinkedIn	and	
donated	to	the	Apache	Somware	Founda<on	

29	
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Apache Kafka® is a distributed streaming 
platform.  

3
0 

KaLa	is	generally	used	for	two	broad	classes	of	
applicaIons:	

○ Building	real-<me	streaming	data	
pipelines	that	reliably	get	data		

○ Building	real-<me	streaming	
applica<ons	that	transform	or	react	to	
the	streams	of	data	More info on: 

https://kafka.apache.org 

What	exactly	does	that	
mean?	

A	streaming	plaOorm	has	three	key	capabiliIes	:	

○ Publish	and	subscribe	to	streams	of	
records		

○ similar	to	a	message	queue	
○ Store	streams	of	records	in	a	fault-
tolerant	durable	way.	

○ Process	streams	of	records	as	they	
occur.	
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Software Deployment  
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Grafana 
“Grafana	is	the	open	source	analy<cs	&	monitoring	solu<on	for	every	database	“	

32	

Useful	build-in	features	
○  Authen<ca<on,	Organiza<on	and	user	serngs	

Mixed	Datasource,	Mix	different	data	sources	in	the	same	graph	
○  Grafana	supports	dozens	of	databases,	na<vely.	Mix	them	together	in	the	

same	Dashboard.	
Na<ve	No<fica<on	and	Aler<ng	

Why grafana?	
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Software Deployment  
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InfluxDB 
“InfluxDB	is	a	<me	series	database	designed	to	handle	high	write	and	query	loads.”	

34	

Why InfluxDB?	
Specific	for	<me	series	database	(TSDB)		

All	is	designed	as	<me	series		

Friendly	because	InfluxDB		have	a	SQL-like	query	language	for	interac<ng	with	it	

Grafana	has	Na<ve	support	for	InfluxDB		IV
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Software Deployment  
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Software Management 
o  Distribuite	Team:	Trust-it,	EGO	
o  Different	exper<ses	and	point	of	view:		Physics,	Somware	Engineer	and	

Computer	science	
o  Different	Environment	
o  One	unique	target…	the	prototype	

36	
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Docker	is	an	open	plaoorm	for	developers	and	
sysadmins	to	build,	ship,	and	run	distributed	
applica<ons.	

We use Docker!  

Docker	take	the	concept	of	container	and	build	an	
ecosystem	around	it	that	would	simplify	its	use	
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Automation and Continuous Integration 

Development	 Check	

Check the 
integration	

GITLab	Registry@Trust-IT		
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Developer	

GITLab	Repo@Trust-IT		
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Check the integration - Local Deployment 

Docker Composer 

wavefier-importer 

wavefier-common 
wavefier/wavefier-ml 

wavefier-wdf 

wavefier-trigger-
handlers v0.0.1 

v0.0.1 

v0.0.8 

v0.0.2 

v0.0.2 

#> docker-compose up 
wavefier-wdf 
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Automation and Continuous Integration 

Development	 Check	 Deployment	

Check the 
integration	

GITLab	Registry@Trust-IT		

Documentation	
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Developer	

GITLab	Repo@Trust-IT		
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Automation on Documentation 

The 
Documentation is 
also generated 
foreach git 
Commit 

Done	
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Automation and Continuous Integration 

Development	 Check	 Deployment	

Check the 
integration	

GITLab	Registry@Trust-IT		

Documentation	
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GITLab	Repo@Trust-IT		
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Kubernetes (K8s)  
was	a	project	spun	out	of	Google	as	a	open	source	next-gen	container	scheduler,		
designed	as	a	loosely	coupled	collec<on	of	components	centered	around	
deploying,	maintaining,	and	scaling	applica<ons.	

IV
. T

he
 te

ch
ni

ca
l a

nd
 im

pl
em

en
ta

tio
n 

as
pe

ct
s 



H2020-Astronomy	ESFRI	and	Research	Infrastructure	Cluster	(Grant	Agreement	number:	653477).	

Kubernets	abstracts	away	the	underlying	hardware	of	the	nodes	
and	provides	a	uniform	interface	for	applica<ons	to	be	both	
deployed	and	consume	the	shared	pool	of	resources.	

Architecture overview 

K8s	Cluster	
Services	
(master)	

Worker	

Worker	

Worker	

K

K

K

Masters	
are	responsible	at	a	minimum	for	
running	the	API	Server,	scheduler,	
and	cluster	controller.	They	
commonly	also	manage	storing	
cluster	state,	cloud-provider	specific	
components	and	other	cluster	
essen<al	services.	

Nodes	
Are	the	‘workers’	of	a	Kubernetes	cluster.	They	
run	a	minimal	agent	that	manages	the	node	
itself,	and	are	tasked	with	execu<ng	workloads	
as	designated	by	the	master.	IV
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Do you remeber local deployment? 

Docker Composer 

wavefier-importer 

wavefier-common 
wavefier/wavefier-ml 

wavefier-wdf 

wavefier-trigger-
handlers v0.0.1 

v0.0.1 

v0.0.8 

v0.0.2 

v0.0.2 

#> docker-compose up 
wavefier-wdf 
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WaveFier running on Kubernetes 
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From Offline data to Online data 

Online	data	

◎  Receiving	data	from	different	
sources	

◎  Receive	data	from	
interferometer	

Project 
Goal 

Offline	data	

◎  Pick-up	interferometer	data	

◎  Store	data	in	files	
◎  Access	to	cluster	
◎  Move	data	in	cluster	

Process 
streaming 

data 
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Online data - Deployment 

4
8 

IV
. T

he
 te

ch
ni

ca
l a

nd
 im

pl
em

en
ta

tio
n 

as
pe

ct
s 



H2020-Astronomy	ESFRI	and	Research	Infrastructure	Cluster	(Grant	Agreement	number:	653477).	

Current Grafana Dashboard with Classification 
Results 

49	
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Next step? 
Move	from	prototype/development	to	produc<on	

Inves<gate	the	use	of	much	more	sophis<cated	Machine/Deep	learning	algorithm,	
using	GPU	

50 
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Wavefier’ repos 

hFps://zenodo.org/record/3356656	
hFps://repository.asterics2020.eu/content/wavefier	
hFps://gitlab.in2p3.fr/escape2020/wavefier/dockers	V.
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DOI: 10.5281/zenodo.3356656  
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