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Data Driven Science for a Data Informed World esa
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Stored on 512 GB tablets,
it would form five towers reaching the moon

ESAC Science Data Center
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ESA Space Science Proposal — ESA Datalabs
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Eesa

[& Login

ESA Datalabs (0.6.1/8ETA]

ESA Datalabs is available as "Public Moderated Beta"

If you wish to apply for access, please submit your request here.

TO BE MORE EFFICIENT TO MOVE THE
QUESTIONS THAN TO MOVE THE DATA.»

Jim Gray, eScience: A Transformed Scientific Method

N
N,

BRING YOUR QUESTIONS TO THE DATA

There is a new paradigm, opening completely new opportunities for discovery —
a data-intensive approach to science. In many domains, we have entered what
could be called the golden age of surveys, with several large-scale projects,
spanning decades, between finished, ongoing, and planned activities. ESA is
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Multi-Domain & Multi-Mission Digital Platform Eesa
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A Platform Designed to Boost Research Productivity Eesa

ZABBIX

Software as a Service solution, low-code platform based on highly scalable microservice architecture
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Datalabs for Interactive Analysis Eesa
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ESA Datalabs (0.7.1/8e1A]

File Time Camera Graphics Guides Window Help

Web-Based

jw01865001001_xx106_00006_miri
jw01865001001_xx107_00011_miri
jw01865001001_xx108_00019_miri
jw01865001001_xx108_00020_miri

= > THE EUROPEAN SPACE AGENCY @ esa
SA 8 5 & QO
"~ File Edit View Run Kerel Git Tabs Settings Help
m | [ Output View X  Launcher X | [ eJWST_Datalabs_example.® 2
J2000 ~ 21 18 44,613 +00 FOV: 24' X 22" @ K <, ¢ ‘reedback — + X O [ » m C » Code v O 0 & Python 3 (ipykernel) O
=2k 2 {(9‘ &)H I.AH Y \‘ @)= K Example Query Region + Calibration level (1) + Filter name (F113W) 4
Qo .
® (] j2a = Jwst.cone_search(coord, radius,cal_level=-1, filter_name='F113@w')
table2a = j2a.get_results()
v (table2a. columns)
- (tablezal'observationid', 'dataproducttype', 'calibrationlevel', 'public'l)
+Phobos
2 2 s <TableColumns names=('dist','observationid','calibrationlevel’, 'public','data
T O. producttype', 'instrument_name','energy_bandpassname', 'target_name','target_ra
» : . *,'target_dec', 'position_bounds_center", 'position_bounds_spoly')>
y observationid dataproducttype calibrationlevel public
g = jW01865001001_xx107_00012_miri image -1 False
jW01865001001_xx105_00001_miri image -1
5 jW01865001001_xx105_00002_miri image -1
jW01865001001_xx105_00003_miri image -1
R jW01865001001_xx105_00004_miri image -1
1 . jW01865001001_xx105_00005_miri i

jW02368007001_xx102_00002_mi

jW02368007001_xx103_00003_nj
jW02368007001_xx104_00004_
jW02368007001_xx105_00001_

Desktop-Based i

"
jw02368007001_xx106_00002, + +
jw02368007001_xx107_00003 +
Name - RA(J2000) ~ Dec(J2000) ~ Observation D ~ jW02368007001 x108_0000¢  + + +
Y Y filter fume jw02368007001_xx109_00001 +

jw02368007001_xx10a_00002 +
jw02368007001_xx10b_00003
‘ Jw02368007001_xx10c_00004_

+ + ¢ 2
S E SAS ’
+
+

- + + 2

J211803.61+000948.7 21h 18m 03.612s +00° 09 48.71 254810010

J211813.90+000806.2 21h 18m 13.902s +00° 08' 06.28" | 254810025
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Datalabs for Interactive Analysis esa
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ESA Datalabs 1o.0.0/8eTA]

File View Movie Tools Help

a a o a . @ +[§lo o : 2 ® ¢ o <
1-Fit Actual Size Reset Camera Axis Reset Camera Pan Rotate Axis Track Differential Carona Multiview Projection Annotation SDO Cut-out SAMP
2023-10-05T10:03:09 B W~
2023-10-07T10:03:09 B »=-cr
© New Layer ~ & sync
Viewpoirt 2023-10-07710103:09.000
¥ Grid
Fov -
Timestamp o0 -
¥ Miniview 60 = 60
¥ SweK events
PFSS Model = 40

~ Timeline Layers

Layer @ Custominterval -
» = > THE EUROPEAN SPACE AGENCY @esa

¥ SWEK Events

ESA Datalabs o.8.0

ESA Datalabs will be upgraded to version 0.9.0 on Monday, September 9 starting from 10 am until 1 pm CEST.

SR KA BERSae During this time you may experience unexpected behaviour while using the platform.
v @ Flare 20 5 20 Should you have any questions please contact the ESA Datalabs Service Desk.
NOAA SWPC Filter
v @ Coronal Mass Ejection —_— O » ®m C » Makdwnv __ @ git No Kemel ©
CcACTuS Filter ‘
¥ @ Active Region 40 G .
e | m / my_workspace | . . . e
Lo | . , Tutorial to plot the Solar Orbiter orbit position
SPoC 60 Name Last Modified
v & Coronal Hole 80 80
SPOCA " - = data 4 months ago
v & sunspot m example_pipeline_input 5 months ago Import necessary libraries
| JGesrne = My Data 4 months ago
v ® Coronal Dimming = My Notebooks 2 months import matplotlib.pyplot as plt
Halo CME My Notebooks 2 months ago from matplotlib import dates
Coronal Dimming Module = my_pipelines 5 months ago import pandas as pd
v @ Coronal Wave from astropy import units as u
™ my_test_conda 3 months ago :
Halo CME my_test_conda months ag: from sunpy.coordinates import frames, get_horizons_coord
v @ Filament . 8 notebook_output_files 3 months ago from astropy.coordinates import SkyCoort
AAFDCC ™ output 5 months ago from astropy.tine import Time
v @ Filament Eruption import astrospice
e B pulled_system_pipelines 3 months ago from datetine import datetime, date, time
v @ Flare Trigger ™ ScienceUCD ayear ago
Flare Detective /home/mjanvier/miniconda3/envs/solo-pipeline/lib/python3.10/site-packages/tqdn/auto.py:22: TqdmWarning: IProgress not found. Please update jupyter and ipy
v @ Emerging Flux [ GSSCRoom20190426.pptx widgets. See https://ipywidgets.readthedocs.io/en/stable/user_install.html
= D notebooks 4 months ago from .autonotebook import tqdm as notebook_tqdm
v [ Eruption B orbit_tutorial
ipynb 3 months ago N s .
Eruption Patrol Define the timing of interest
v G COMESEP " Quick_Guide.ipynb 4 months ago
cacTus [ team_workspaces 4months ago

-07-15T14:50:00"
o datetime
datetime(date)
late1)
from the to_datetime output

-HelioViewer i e

Load the kernels

kernels = astrospice. registry.get_kernels("solar orbiter", "predict") SCIENCE

/home/mjanvier/miniconda3/envs/solo-pipeline/lib/python3.10/site-packages/erfa/core.py:154: ErfaWarnir ;:
(Note 6)

-
warnings.warn('ERFA function "{}" yielded {}'.format(func_name, wnsg),
Files Downloaded: 100%| NN 1/1 [00:00<00:00, 14.18file/s] DAIA
#

»

Load the coordinates for the objects to be plotted (here, SO, Earth and the Sun)

et >
LG LR .U Gy G o Ui s CEN IRE e
# solo s[0]

1

earth_coords = astrospice.generate_coords("earth", times).heliographic_stonyhurst

sun_coords = astrospice.generate_t times) .heliographic_stonyhurst
-

Generate the figures
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Datalabs Marketplace
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ESA Datalabs [0.3.0/BETA]

Create Datalab

Find a datalab in ESA datalabs catalog

Filter results

aladin

Aladin is an interactive sky atlas allowing the user to visualize digitized
astronomical images or full surveys, superimpose entries from
astronomical catalogues or databases, and interactively access related
data and information from the Simbad database, the VizieR service and
other archives for all known astronomical ohiects in the field

jl-esdc
Jupyterlab ESDC

jl-juice
JupyterLab with JUICE moon coverage tool (0.8.0).

jwst
Jupyterlab JWST

jwst-nsrt
Jupyterlab JWST NSRT

Euclid DPS

jupyter

filezilla
FileZilla

jl-euclid-dps

Herschel
Euclid DPS JupyterLab o —r

jl-pangaia

PanGaia JupyterLab Jupyter

jwst-miricle
Jupyterlab JWST Miricle

gfitsview

QFitsView - An image display and visualization tool for astronomical data

fv

FV - An image display and visualization tool for astronomical data

jl-herschel
Herschel JupyterLab

jupyterlab

Plain JupyterLab for demonstration of basic functionality.

jwst-nips
Jupyterlab JWST NIPS

theia-python

Theia Python Editor

| - || .- Lz
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Pipelines for Batch Processing Analysis

e Keyword in input file

Pipeline input FITS file

CRDS override list

CRDS cache overrides

CRDS cache

CRDS Context

Detectort

Detector1 intermediate output

Keyword in output file

Image 2 CRDS cache override list

Image2

FITS file output

Lz +

FALS
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Pipelines Marketplace
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ESA Datalabs [0.7.0-3-67FEcB2D]

Pipeline launch

‘ Filter results

System Pipelines

BC_MCAM
This pipeline contains 2 steps: tm2raw_mcam and pds4_packager.

[bc] [exampl

kuhi Wed May 10

Detectorl
This pipeline run peline.Detector1Pipeline’ on 'strun’ command

| example | |jwst |

2 jkuhi ® Wed May

cdr-demo

This pipeline chains two ‘command' steps. There is intermediate output
after the first step and the final output after the second

| example |

2, jkuhi ® Wed May

’ ‘ Sort by last modified

O Steps @ Pipelines

JWST

This pipeline runs Detector1Pipeline' and then processes the
output on ipeline.Image2Pipeline’ on 'strun’ command

[example | [jwst |

& jkuhi ® Wed May 10 2

timestamp

This one-step pipeline has two inputs. The first input is a text file. The
output of the pipeline is the copy of the input file with current time
appended. The second input to the pipeline is an integer that specifies
sleep time. The pipeline step sleeps the specified number of seconds

2 jkuhi © Wed May 1

Hello_PIPEMAN

This pipeline has two steps. The input to the pipeline is a text file. The two
steps append "Hello" and "PIPEMAN" in block letters to the copy of the
input file. The output of the pipeline is a copy of the input file with the
appended "Hello PIPEMAN". This example uses a ‘figlet’ pipeline step that
needs to exist as a step in Pipeline Catalogue. figlet’ is a unix command
that writes text in block letters.

| example |

A jkuhi ® Wed May 10

A8 & & B

& Browse User pipeline

Image2
This pipeline runs peline.Image2Pipeline’ on 'strun’ command

| example | |

kuhi Wed May 1

scatter-gather

This pipeline contributed by INTEGRAL demonstrates the CWL scatter
feature. In the scattering pipeline a step produces an array output of files
and the next step is spawned for each array element. The entry-point file
is's gather.cwl'. The 'data’ input directory takes text files. This is an
advanced pipeline

| example | | scatter-gathe

kuhi © Wed May 10 202

simple
Very basic pipeline

| example |

© Wed May 10 20

10
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Innovative Architecture — Technology Stack esa

User Services

Services Services
Portal

Desktop

COMMON
WORKFLOW
LANGUAGE

Pipeline

Exploitation Services Support Services
Discov ®  Analysis
Discovery Analysis Workspace Pipeline Integration scovery y
Services Services Services Services Framework »
Interoperability =
Data Application Services
Services Services

Test Framework
Data Lake Services System
Engineering

Infrastructure Services

Storage Computing Regist Logging And User Resource
Infrastructure | Infrastructure gistry Monitoring § Management § Management

cosmos
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For Problem Domain Science End-Users Eesa
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ESA Datalabs (0.3.0/p
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Create Datalab

Find a datalab in ESA datalabs catalog ESA Datalabs (0.3.0/8e74 A8 &8 0 @

Filter results Show sections

Aladin Sky Atlas File Manager (PCManFM) Running
Aladin is an interacti i digitized Y L a nal 1t for »>— Offers a standard file tha o

et

Running datalab
PUBLISHED NEW
Selecta

gLAB n
g . . . w WST JUPYTERLAB JUPYTERLAB
( g8 ; Advanced configuration

dalone > o

Minimum CPU resources needed

Team Jupyterlab JupyterLab datalab for generic use

GODOT JupyterLab . Minimum memory resources needed with ESA archive data
Tisisa

GODOT HARM

= & 2 Datasets
[ ——— ®© 0 p

Internal volumes

ESA Datalabs (0.2 c/ac14)
Herschel

PUBLISHED PUBLISHED NEW

” N «YOU CAN EITHER MOVE YOUR QUESTIONS
o ‘ Kollori Vi A T OR THE DATA. [..] OFTEN IT TURNS OUT
=z ovsprogranming b uses GV os G % @ ’ TO BE MORE EFFICIENT TO MOVE THE

‘ QUESTIONS THAN TO MOVE THE DATA.»

Jim Gray, eScience: A Transformed Scientific Method

GATATSM WST JUPYTERLAB JUPYTERLAB

Terminal

Cesa

BRING YOUR QUESTIONS TO THE DATA SR

> THE EUROPEAN SPACE AGENCY in]wi
oo i 2 io " . . view Interop Help 8 o
ESA Datalabs (0.3.0/RE] PAN Available data - 109 ERT] 22: 47: 08. 230 +58:01:03.31 x ¥ projection RGN =
.
. le
D t I b d * @ Deka) Lastnews
atalabs S
. P released (dedicated to
Ny version 11, in english
LAUNCH NEW DATALAB '_. and french)
| - v Ok
N - ot
Aladin Vi
() DESTROY &) Logs () DESTROY ®
.
TopCat
OPCAT .
£ Logs () DESTROY () DESTROY .
.

12
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For Problem Domain Science End Users++
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ESA Datalabs 1o.s.0/8€7A) 8 8 & & B R Q L ¥ ©

@ Eesa

Visibility

Modification date: n/a

. se this form to share with some users as a private access, only them will have access to your lab. Or you can share with everyone using the publish flow. Your datalab will be reviewed by a moderator
Datalab version:

Author: Vicente Navarro . )22 21:19  Build version:| 1.4.0-0 v
Select your datalab type I ter |

VNC based X server
Where are your files? Ut repusUTy

@ Public, everyone can use it O Private, specify a lig

Popularity: 0

Enter public Git repository

‘ License | Please select a license v|

Popular Licenses
BSD 3-Clause No Nuclear Warranty
Enter branch to use ‘ master Creative Commons Attribution Non Commercial 3.0 Germany
GNU General Public License v2.0 only
GNU General Public License v3.0 or later
GNU Library General Public License v2.1 or later
MIT License
Clicking on this button will allow you to get an archive  European Space Agency
European Space Agency Community License — v2.4 Permissive (Type 3)
European Space Agency Community License — v2.4 Strong Copyleft (Type 1)
European Space Agency Community License — v2.4 Weak Copyleft (Type 2)
European Space Agency Public License (ESA-PL) Commentary — v2.3
European Space Agency Public License - v2.4 — Permissive (Type 3)
European Space Agency Public License - v2.4 - Strong Copyleft (Type 1)
European Space Agency Public License - v2.4 — Weak Copyleft (Type 2)
Others
3dfx Glide License
AMD's plpa_map.c License
ANTI R Software Riohts Notice

21:19: Build started
21:21: Build ended with status BUILD_SUCCESS

European Space Agency




ESA Datalabs Community — Today esa
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, e 768 Registered Users

| osa | -
e e 584 geta Users

|

(|

L
r

=

17447

-_.{;; N - : |

ESA Détalaﬁbs — JWST,,:Workshop, Heidelberg 4 - 8 Sept 2023
ESA Datalabs — Euclid Wo/rkshop, Copenhagen 21 - 22 Jun 2023
ESA Datalabs Workshop = ESAC 24 - 25 Nov 2022
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ESA Datalabs Community — SCI / ESA

esa

2500 - Optimistic @
Optimistic: onboarding of all T e
ESA Space Science |
. . . Cluster
interested missions and N
collaboration opportunities 2000 1 K
ntegra

' aia Expected
Expected: onboarding of e ; 4 .
Space Science Euclid § o/
and JWST missions as A o
currently planned //

4
1000 - s P
Ariel po Pessimistic
Pessimistic: onboarding of " SR §
existing registration requests 500 4 ,,,,,A,,,,,,__;,;i%"?i’i"r:
p) 4 6 8 10 12
April 2023 Months
16
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ESA Datalabs Community — SCI Eesa

User Services
Portal Desktop
Services Services

Exploitation Services , Support Services

Discov Ana yi Workspace Pipeline Integration
Services Services Services Services Framew . FU N CTI O N A |_

Interoperability

Data Application SUEE
Test Framework

Data Lake Services System
Engineering

Infrastructure Services

Storage Computing Regist Logging And User
Infrastructur@d @ nfrastructure gistry Monitoring | Managemen anagemen

+ B EEE > THE EUROPEAN SPACE AGENCY



ESA Datalabs Community - ESA

=+ IMEEUROPERN SPACE AGENCY wesa

ESA Datalabs

ESA Datalabs i avaadie as Pusic Modera
1 you wish 10 apaly for access, please s

«YQU CAN EITHER MOVE YOUR QUESTIONS
OR THE DATA. [...] OFTEN IT TURNS OUT
TO BE MORE EFFICIENT TO MOVE THE

Lo QUESTIONS THAN TO MOVE THE DATA.»
\J im Grary, eScience: A Transformed Scientific Method

BRING YOUR QUESTIONS TO THE DATA

e e @esa

SCIENCE MISSIONS | EUROPEAN SPACE AGENCY B SCIENCE STECHNOLOGY o Ee— Qo

carthonline  owssoNs oD s oS sioos | SEA I —

EARTHONCS Fostering science GSSC Now
ion in GNSS

Tweets from
@ESAesdc

v

Our activities
125718

p1 - e _—
B ' ﬁ 3

HRE Data Archive O = | Gesa

HREDA - Human and Robotic Exploration Data Archive

18
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ESA Data Discovery Portal — One Portal To Discover Them All @esa
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ESA Data Discovery Portal [0.7.0/aLPHA)

Type of Asset Type in your que
[\ Datalab

[ pataset type:datalab
Domain

D Navigation (1)

file-browser

aladin
Web File Browser which can be used as a middleware or

standalone app.

Space Science (14,
D B (i) A@ Aladin is an interactive sky atlas allowing the user to visualize
digitized astronomical images or full surveys, superimpose

entries from astronomical catalogues or databases, and

filezilla fv
FileZilla - FileZilla - FileZilla - FileZilla - FileZilla - FileZilla - FV - An image display and visualization tool for astronomical
FileZilla - FileZilla data

jl-esdc jl-esdc-astro

ESA GNSS Science Support Cntre

© Featured

= THE EUROPEAN SPAE AGENCY
P —

P prdeton B O

Choose Datalab

L4

J ¢
[r—— [—
- (X} osscus >0 wree >0

NSA1 NSA2 NSA3

gssc.esa.int
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Discovery of Exploitation Platforms
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ESA Data Discovery Portal

Type of Asset
D Datalab
@ Dataset

Domain

|:| Navigation (1)

D Space Science (15)
Instrument

Thematic Area

Mission

Properties

|:| Query Tool

[:] Visualization Tool
(&4 Analysis Tool

I_] Data Volume

[0.7 OFNLPHA]

GOCE

type:dataset | property:Analysis Tool

GOCE Mission
Gravity field and Ocean Circulation Explorer (GOCE) Earth Explorer mission
@esa  GNSS data. Access policy is Public and license is ESA Data Policy.

Cycle 18doublePoint UVIS Bowtie Monitor

Ground testing revealed an intermittent hysteresis type effect in the UVIS detector
keyOpen both CCDskeyClose at the level of virgul1% comma lasting hours to
days. Initially found via an unexpected bowtieshaped feature in flatfield ratios
comma subsequent lab tests on similar e2v devices have since shown that it is

Cycle 17doublePoint UVIS Bowtie Monitor

Ground testing revealed an intermittent hysteresis type effect in the UVIS detector
keyOpen both CCDskeyClose at the level of virgul1% comma lasting hours to
days. Initially found via an unexpected bowtieshaped feature in flatfield ratios
comma subsequent lab tests on similar e2v devices have since shown that it is

Mrk590doublePoint A Disappearing AGNq ionMark

Recent optical spectroscopy reveals that the active nucleus of the Seyfert 1 galaxy
Mrk590 keyOpen NGC863keyClose has gone into an extremely faint state. The
broad emission lines characteristic of Type 1 AGNs and the AGN thermal
continuum are no longer visible in optical spectra comma and even the narrow

Using a Cepheid based Distance to Test the Large Peculiar M...

We propose to use the HST and WFPC2 to obtain periods and luminosities for
Cepheids in a spiral galaxy in the Centaurus cluster in order to determine its
distance. A Cepheid distance to Centaurus is possible with HST and will be a
major step in the comparison of observed peculiar velocities with the predictions

Confirming the binarity of Kuiper Belt Object 2015 RR245dou...

Binary systems are prevalent throughout the Kuiper Belt comma with roughly 110
systems known to date. The question of how these binary systems formed is of
great interest comma as each proposed mechanism has its own implications for
the conditions in the early Solar System during planetesimal growth. The favoured

The disappearing LBV in the low metal
The metalpoor dwarf galaxy PHL293B of
luminous blue variable openParLBVclosePal
on its spectrum. This source was detected :
20012009 comma modeled as

Cycle 17doublePoint UVIS Bowtie Monit
Ground testing revealed an intermittent hyste
keyOpen both CCDskeyClose at the level
days. Initially found via an unexpected bo
comma subsequent lab tests on similar e2v

UVIS Bowtie Monitor keyOpen CY19 exi
Ground testing revealed an intermittent hyste
keyOpen both CCDskeyClose at the level

days. Initially found via an unexpected bo
comma subsequent lab tests on similar e2v

STIS Ultraviolet Observations of the De
A few days ago comma amateur astro
cataclysmic variable star WZ Sge has gone ir
last outburst event and about 10 years ear
from V15 to V8 in the course of a day and

Herschel Imaging of the remnant of a h
The millisecond pulsar openParMSPclosef
unique since it once contained an accretion
that it is the first such binary found at the enc
binary to a radio MSP. The accretion disk w:

The final word on SN 2009ipdoublePoini
We propose 10 yr postexplosion UVoptical i
2009ip comma in order to determine its ultimz
a nonterminal eruption in 2009 comma and
more extreme supernova openParSNcloseP

Cesa

GOCE Mission

Qa o &

@

Query  Visualize ~Analyze Download

Launch a datalab to analyze the asset

x-glab

gLAB performs precise modeling of GNSS observables (pseudorange and carrier phase)
at the centimetre level, allowing standalone GPS positioning, PPP, SBAS and DGNSS.
Every single error contributor may be assessed independently, which, in turn, provides a
major educational benefit. gLAB is adapted to a variety of standard formats like RINEX-
3.00, SP3, ANTEX and SINEX files, among others. Moreover, functionality is also included
for GPS, Galileo and GLONASS, allowing performing some data analysis with real multi-
constellation data.

X-octave

Octave is a scientific programming language. It is a powerful mathematics-oriented syntax
with built-in plotting and visualization tools. Free software, runs on GNU/Linux, macOS,
BSD, and Windows. Drop-in compatible with many Matlab scripts.

datalabs.esa.int

jupyterlab

Basic JupyterLab for demonstration of key functionality. This has all the standard features
in a default installation of JupyterLab.

datalabs.esa.int

GSSC Now

GSSC Now

guc.esn int
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Platform and Community Release Roadmap esa

Public Beta Azur ﬁ‘r’éws
Unmoderated Cll .

Q1 Public Beta EU
Moderated A
Q1 Private Beta. 9023

2022
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Take away messages esa

The ESA Space Science Exploitation Platform

« SCI Data available for researches to work on it, made easy

Increase Space Science Operations Efficiency

« Reusable for fast implementation of Scientific Processing Pipelines
« Reusable for fast implementation of Scientific Analysis and Visualisation Tools

Enable Collaboration and Open Science

« Share complex processing tools and data with your team (ala JWST)
« Share your contributions with the community in SCI ‘s AppStore

— == i = __ IO



THANK YOU!

Acknowledgements: The diverse skillset required for the development of ESA Datalabs
and GSSC Now, requires involvement of different multi-disciplinary groups. Hence, we
would like to thank our industrial partners, Edisoft, Uninova, CGI, ACRI-ST, GMV and
Ideorum. Thanks also to the Science and Operations Technical IT Unit at ESAC, the ESA
Datalabs User’s Group, the members of ESA Space Science missions, and the ESAC
Science Data Centre.

Find out more in datalabs.esa.int
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