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ESAC Science Data Centre 
The Digital Library of the Universe 

 Large set of science archives co-located  at ESAC 
are a major research asset for community : 

• Astronomy, Planetary, Solar Heliospheric 
 

 Different types of data: 
• Raw data, calibrated processed data, high 

level data products, … 
• All data public and available on-line after a 

short proprietary period  
 

 Need to be kept readily available for future users 
and novel uses by various types of users: 

• Scientific Community (public access) 
• PI team and observers (controlled access) 
• Science Operations Team (privileged access) 

 
 Archive Strategy Plan for 5-20+ years 
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ESAC Science Archives Strategy 

Enable maximum scientific exploitation 
of data sets 

Enable efficient long-term preservation 
of data, software and knowledge, using 
modern technology 

Enable cost-effective archive production by 
integration in, and across, projects 
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ESDC organizational structure 
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Enable Maximum Science Exploitation 

Scientists and Engineers working very closely together 
 

Science driven Archives 
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Individual Mission Science Exploitation 

European HST Archive (Baines) 

Herschel Science Archive (Verdugo, Teyssier) 

Planck Legacy Archive (Dupac, Lopez) 

Gaia Archive consortium release 
(Gonzalez) 
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Individual Mission Science Exploitation 

Cluster Science Archive, 
Including Double Star data 

Planetary Science Archive (Lim, Grotheer) 
BepiColombo Archive (Martinez, Ortiz, Perez) 

Archive Image Browser (Rosetta)  

Soho Science Archive 
Including Proba-2 data 
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Need for multi mission science  

 Large and wide set of ESA astronomy archives 
 Science is more and more multi wavelength 

 
 As missions enter into post operations and legacy phase, need to “hide” 

projects jargons and complexity, and offer simpler science data exploration 
tools 
 

 Build on top of existing ESA archives 
● Re-use existing data infrastructure 
● Re-use of VO protocols (to make it open to other non ESA archives) 

 
 ESASky for astronomy 
 New PSA for planetary science 

 
 Start thinking multi disciplinary (astronomy, planetary, solar heliospheric) 

 
 



Christophe Arviset | SCIOPS 2015 | ESAC Science Data Centre | ESAC | 24/11/2015 | Slide  11 

ESA UNCLASSIFIED - Releasable to the Public 

ESA Sky (Merin) 
Multi Mission Science Exploitation 
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Long Term Preservation Strategy 

Preservation of data, software and knowledge 
 

Regular Technology Evolution 



Christophe Arviset | SCIOPS 2015 | ESAC Science Data Centre | ESAC | 24/11/2015 | Slide  13 

ESA UNCLASSIFIED - Releasable to the Public 

Archival Science through Publications 

 Number of Publications is a 
usual metrics to measure 
the success of a space 
science mission 

 

 HST produced more than 
13.000 publications to date 

 

 Number of publications 
coming from “archival” data 
(vs Guest Observers) has 
increased with time and now 
represents ~50% of HST 
annual publications 

 

 Long Term Preservation of 
Data increases the science 
results from a mission ! 
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Long Term Preservation Strategy 

 Consolidation of all ESA Space Science Archives at ESAC, with strong re-use 
across projects, ensuring easier and cheaper long term data preservation 

● Hardware infrastructure 
● Software architecture and code, including technology migration 
● Human technical and scientific expertise 
● Multi missions, multi instruments science exploitation 

 
 Long term preservation of data processing capabilities (Navarro) 

● Preserve software coming from various places 
● Provide data processing capabilities as a “service” 
● Bring the “user software to the data” instead of the “data to the user” 

 
 Sharing and preservation of knowledge, including international cooperation 

● IVOA, IPDA, within ESA (with EO), CCSDS, PV2015, … 
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ESAC Archives Technologies 

 Flexible and modular system architecture 
● OAIS standard (Open Archival Information System) 
● Interfaces with data providers, external tools and 

archives through VO protocols 
● Enabling building added value services on top of 

our archives  
 

 Need to support all phases 
● Development, operations, post operations, and 

legacy (LTDP – long term data preservation) 
 

 Technology monitoring and update at regular intervals 
● Java Rich Client to Web Thin Layer 
● Database: Commercial to Open Source 
● Web Services and Interoperability (VO) 
● “Big Data” challenges (Gaia, Euclid) 
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Long Term Preservation  
Upcoming Challenges 

 More and more ESA missions entering Legacy phases 
● Venus Express, Planck in 2016 
● Herschel, LisaPF in 2018 

 
 Preserve and improved science exploitation facilities 

 
 Archive technology migration for some old archives (ISO, …) 

 
 Setup Software preservation framework 

 
 Define data persistent identifiers (ie DOI – Digital Object Identifiers) 

 
 ESA LTDP+ programme being defined for 2017-2022 
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International Collaboration and 
Interoperability amongst Archives 

IVOA - International Virtual Observatory Alliance 
•Formed in 2002, 20 member projects 
•Defines interoperability standards (VO framework) amongst 
astronomical (ground and space based) archives 

•Working Groups and Interest Groups per technical domain (data 
access, data model, registry, applications, semantics, operations, …) 

•http://www.ivoa.net/ 

IPDA - International Planetary Data Alliance 
•Formed in 2004, 12 space agencies 
•Defines archiving guidelines for planetary data 
•Defines interoperability standards amongst planetary archives 
•http://planetarydata.org/ 
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Archives Integration within Projects 

Archive is fully part of Science Operations, from the start 
 

Strong collaboration with SGS and Consortium 
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Archives full integrated in projects 

 Archive is not an after thought at the end of the mission 
 Archive is to be part of SciOps development from the beginning 

 
 Archive is more and more a collaborative process with many groups involved 

● Within Archives Groups 
● With SOC/SGS 
● With Consortium 
● With external Community 

 
 Need for more collaborative methods 

● Scrum methodology for daily interactions with SOC/SGS 
 

 Open source development for collaboration with Consortium 
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Standard Archives Architecture 
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ESAC Archives Volume Evolution 

All data stored on hard disks and distributed through Internet 
Euclid will add up to ~150 PBs by 2023 
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Need for new paradigm 

 New ways required to access the Gaia catalogue and associated data 
● Powerful query mechanism, asynchronicity of results 
● One “query interface” for all archive services and VO services 

 
 User can not download all catalogue and all data  

● Need to have user workspaces IN the Archive 
– User database space, user disk space 

● User workspace shareable amongst various users 
 

 Bring user code to the data (OMullane) 
● Part of the user workspace in the archive 
● Share code with other users 

 
The user works with the data WHERE the data is : Archive 2.0 concept 
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Gaia Archive Architecture 

Database 

Data Repository 

archive core systems 

TAP+ADQL 
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Mission and Archives metrics ? 

 Mission success usually measured by number of scientific papers 
 

 How to measure success of the archives ? 
● Number of active users / IP addresses 
● Volume of data being downloaded vs size of the archive 
● Ratio of data-out vs data-in ? 

 
 Big differences between missions, between missions phases 

 
 Interested to hear how other data centres report on archives usage… 
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Science Archives 

• Maximum science exploitation of data 
• Ensure long term preservation of data, software and knowledge 
• Support various functions of Science Ground Segments 

 

Fulfil various Science Operations functions 

• Archives must be science driven 
• Archives require strong IT expertise 

 

Scientists and Engineers working together 

• Open data, open source, open archives 
 

Towards Archives 2.0 
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http://archives.esac.esa.int 
Christophe.Arviset@esa.int 
 

Thanks! 
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