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Outline

Space science data in ESA’s Scienfific missions
* ( science-driven ) data mana emenf
* International standardisation

Al In space science data managément
 Citizen science projects
 Virtual assisstants

The future of space science
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Space science data management in Europe today Eesa

ESA Coordination with Science Provider and User Communities

Science
Operations Science Science Science Science
Systems Operations Instrument Data Data

Studies, Design Planning Handling Processing Archiving
& Bequirements

Usually more by ESA \USUE*“‘:’ more by Member Stﬂlﬁﬁ/ Usually more by ESA
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ESA Science Operations Scope

M'$S'°” Mission Science Data and

Science Products

Objectives . : : : : '
104 HIRRRRRRR

Science Operations
designed to make best Mission Management after in-orbit-commissioning
use of ESA and
external elements and

competences. Science Operations Visibility, Reporting & Knowledge Management

Coordination with Science Communities for Operations & User (Science) Support

Science - - .
Science Science Science Science

Operations :
si,stems Operations }—— Instrument | - Data . | Data

Study, Design Planning Handling Processing Archiving
& Requirements l ‘ ’ |

Translation of mission Generation of conflict- Preparation, Provision of Provision of mission
and science scenarios free and optimised calibration automatic and/or data archive with
into requirements. science instrument and operations interactive data interfaces, services
Identification of most operations plan, timelines of science processing and tools for
efficient system and command sequences instruments and/ capabilities and optimised science
architecture and in close cooperation or support to generation of generation, science
processes. with instrument teams. these activities. science products operations and

incl. quick look long-term

analysis products preservation.
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Example of data flow for a space science mission

Telemetry

Skeleton plans
Auxiliary Data
Telemetry

Observing plan

Calibration data

Analysis S/W
contributions Archive

Calibration AO Documents Query
Analysis S/W &
Retrieval

Instrument
Teams Proposals
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Example data flow for a Planetary mission : JUICE

anning data

M| ssion pl

Feedback Obs/Calibration Obs requests

Science Ops Planning Instrument Operation
Operations Scientists Operations Scientists/Ops
Ops Engineers Engineers

Obs-Regquests

Instrument calibration tests/Operation feedback/
Instrument set-up

Algorithm/routines/calibration files Data Processing

Operations Scientists
Raw data Archiving & Data Distribution
" | [Archive Scientists/Engineers)

Ops Engineers
Calibrated/high level PDS data
products

JSOC

Users/Community

Eesa
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Example data flow for an Astronomy survey : PLATO

1o L

GS/MOC (ESOC)

SOC (ESAC)l

LO/L1 LO algorithms, CPDS,
generation L1 S/W & tools

Proposal Hand-
ling System
generation of

on-board
catalogue

__ PLATO Archive _
—
| (/] —

—— | 23 e—

—Lg—

~— L

Scientific community

access to public data

Calls for Pro-
posals Toolset

Input
Catalogue

Lo/
L2/L3

Ly

PMC SGS

PLATO Data Center

= data processing
algorithms

= development

su rt
i Input Catalogue

generation

L2/L3 processing

follow-up and

preparatory
database

management

PDC main
database

Lg

Payload Calibration/Operation
Team (includes members from

PDC, PSM, Payload & PPT)

Input catalogue
specifications

L2/L3 proc.
specification/
validation

Spec./obs.
Lg

PLATO Science
Management

+ Target/Field
Characterisation
and Selection

+ Follow-Up

» Exoplanet Science

» Stellar Science

+ Complementary
Science
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Example data flow for a collaborative mission : SMILE Eesa

Starfed PLM Data in X-Band
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Example data flow for a Astronomy mission : Euclid

ESAR] pe e ’ Euclidonsortiuma

ScientificCommunity?

Operations@GroundBegment? SDC-ESE

TelecommandsZ Telemetry?
soca

Mission@ External@ ECSGSH
Euclid@rchiv

Operationsf Datal
Centrel Providers@

Pointing, TM,BAux.B
Command®Req.B data?

External@atal

PublicEcientific@
data@

(public@isers)a Level2, 32

DatafFiles?

Level@®
DataiFile

Non-public?
Scientific@latal Metadata@
i eplication?
(Consortiumaisers)3 Metadatal repl

(prim

Operations@
requests?

Processingll
coordination
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Complex data products grow In size and
__ -

complexity Eesa

pace Science Archives - Volume (PB)

2005, ¢ 2010° RS o8 2012 013 =2
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B Herschel - 2009

H Planck - 2009

m Planetary (MEX - 2003, Rosetta - 2004, VEX -
2005, BepiC - 2018)

M Cluster - 2000
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. And they are getting very large very soon.. Eesa

-
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Astronomy Is becoming a data-driven field Eesa

_ Not Assigned
Partially Archival
B Totally Archival

Guest Observer
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Hosting science data for decades

Sdar and Haliospheric Observatory
Gillster Hunygans

XAA-Newion
Guster I

I
1986 1997 1998 19599 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 212 2013 2014 2015 216 2017 2018 2019 2020 2021 2022 023 24 2025 2026 2027 A28 2029 2030 2031 2032 2033 2034 2035 A36 2037 2038

Horizon 2000 Honizon 2000 Plus Cosmic Vision
Honizon 2000 (future) Hornizon 2000 Plus (futume) Cosmic Vision (future)

24 missions developed, operated and curated for over four decades
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International collaboration In standardisation

International Planetary Data Alliance

INZ(o)/~\

International Virtual
Observatory Alliance

ESAC.

o el

‘SCIENCE

@vA

DATA. 2. 21
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International Heliophysics
Data Environment Alliance

Astronomy, Heliophysics and Planetary
Archive Users Groups 15
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The traditional scientific method

»

Motivation . e Simple / easy
Visualization ac;:_egls to .
Creativit reliable an
K;?)?Nll\éld;e relevant data

e Data e Reproducible data
completeness representation
and consistency

e Fast
computation on
new data

e Fasy
comparison
between data
and models/
theory
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The future
scientific method
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Image
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Al / ML to enhance science data f
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We use citizen science to generate labels Eesa

tp Hubble Asteroid Hunter @ ABOUT CLASSIFY TALK COLLECT RECENTS  LAB

~ »‘\
Help us find asteroids in images
from the Hubble Space Telescopel
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-
ﬁ\ Hubble Asteroid Hunter © ABOUT  CLASSIFY TALK COLLECT RECENTS LAB

-, i TASK TUTORIAL

Is there an asteroid trail visible in the images?

- e z Yes

Impossible to tell

FIELD GUIDE

NEED SOME HELP WITH THIS TASK?

, ;f.“v = o
- : -

More than 11,000 volunteers classified
19 years of HST images finding a few
thousand new trails of asteroids in just
a few months!
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Trained Google Auto-ML with the labels from volunteel@®esa
&  HST_labels_70_15_15 il; LABEL STATS & EXPORT DATA
IMPORT IMAGES TRAIN EVALUATE TEST & USE
All images 4,556 = ter images
Labelled 1537 [_] Selectall
Unlabelled
gravitational_lens_art
satellite
ADD NEW LABEL
asteroid(2)

Object detection

satellite(1)

asteroid(1), cosmic_ray(1)

asteroid(1)



£ Cesa

Classifying the eHST archive

40,151 “composite” HST ACS/WFC and WFC3/UVIS images (x4 cutouts = 160k cutouts)

EUROPEAN SPACE AGENCY off  SCIENCE & TECHNOLOGY off  ESAC SCIENCE DATA CENTRE off

122 computer Node hubble science archive
Hours (~ €350) ettt prerpperparr——
Run on multiple nodes
for ~3 hours

Batch classification on
N Google Cloud: ~7 hours
(38 Node Hours, €60)
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How will the future look like?

Are the data reduced
properly?

/r—-—7~\

Is there a signal?

Start o '(/L\ ‘> \f Finish

-

Are quantities X
andY
correlated?

Which sources
are brightest?

Chris Beaumont - Hackable User Interfaces and The Future of Data Analysis in Astronomy https://www.

- D N = =R 3 =

youtube.com/watch?2v=SES

/DMwq9Lc
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ESASKy already features a virtual assistant !

http://sky.esa.int

J2000 v 14 29 42.908 -62 40 46.18. FoV: 6.0'X 4.4' 2MASS color JHK
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Proxima Centauri b (x]) *
Proxima Centauri b (also called Proxima b or Alpha Centauri Cb) is an exoplanet orbiting

within the habitable zone of the closest star to the Sun —the red dwarf star Proxima

Centauri, which is in a triple star system. It is located about 4.2 light-years from Earth in .
the constellation of Centaurus, making it the closest known exoplanet to the Solar

System. Best seen in the near-infrared 2MASS sky. Y > .
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Target List®

[Clear|

3 minutes ago

Proxima Centauri b \-%
Epsilon Eridani
Ross 128
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Which target from this list interests you?
Choose by specifying number or target
ID!

1. JWST_EROs
2. SpiralGalaxies
3. PeculiarGalaxies
4. InteractingGalaxies
5. GalaxyClusters
6. BrightNebulae
7. DarkNebulae

8. GlobularClusters

10. StarFormationRegions

11. SupernovaRemnants

12. SupermassiveBlackHoles

. BrownDwarfs

14. BrownDwarfsinMultipleSystems
15. ClosestExoplanetarySystems
16. CESAR_ISM

17. CESAR_Galaxies

18. CESAR_Colours

3 minutes ago

2 minutes ago

The player can be used to start the
navigation typing “play”, to stop it with
“nause”, to change to the next available
oL n with “next”, and to go back to the
prev. ‘s option with “previous”. These
comm ds apply to the skies panel and

. ‘ tothet get list panel.
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Our powerhorse enabling all this: ESA Datalabs
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ESA Datalabs 0/BET

ESA Datalabs is available as a private beta release, public access is planned for Q3 2022.
If you wish to join our private beta programme, please submit your request here.

. " «YOU CAN EITHER MOVE YOUR QUESTIONS
/° 7.\ ORTHEDATA.[.] OFTEN IT TURNS OUT
_ €2 ] 70 BE MORE EFFICIENT TO MOVE THE

o QUESTIONS THAN TO MOVE THE DATA.»
; \’_/ % Jim Gray, eScience: A Transformed Scientific Method

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
responsible, or is a major partner, in several of these initiatives.

There is, however, a new profound change: data has become a major
technological challenge. Increases by multiple orders of magnitude in dataset
size means that transferring data to a scientist is often unfeasible.

ESA datalabs gives you a privileged position; bring your code directly to ESA's
infrastructure — there is a great set of tools and programming languages are
flexible — and execute it with direct access to ESA’s archives.

30
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Thanks for your attention !

Ed

http://archiveséac.esa.int
http://sky.esa.int

http://datalabs.esa.int

bruno.merih@esa.int
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http://archives.esac.esa.int/
http://sky.esa.int/
http://datalabs.esa.int/
mailto:bruno.merin@esa.int
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