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ACCELERATING SCIENCE
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THE DATA LIFECYCLE
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Controls
Data 
Processing,
Analysis +
Management



EBS DATA PRODUCTION FORECAST
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YEAR 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Data production 
(PB) 2.8 3.4 7.9 4.7 10 20 30 40 50 60

Evolution (%) - +21 +132 -41 +113 +100 +50 +33 +25 +20



ESRF-EBS DETECTORS
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Detector Type Max. data rate # beamlines

PCO EDGE 1 GB/s 10

PCO DIMAX 8 GB/s 2

Eiger2 4 GB/s 8

PSI Eiger 2 GB/s 2

Pilatus 2 GB/s 7

Frelon 1 GB/s 8

Jungfrau 9 GB/s 1

Medipix 1 GB/s 6



.13
3253

CARBON FOOTPRINT OF DATA
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 1 week experiment of 3 users flying to ESRF and producing 200 GB of 
data = 3253 kilograms

 200 GB Data archived on tape for 10 years (full tape library )
~ 13 g * 10 yrs = 130 grams 

ARCHIVING raw data for 
10 years is 0.004 % of CO2eq 
of beam time to acquire 
the raw data!



THE DATA LIFECYCLE
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WHAT IS ICAT?
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• ICAT is a generic metadata catalogue 
developed and supported by STFC/UKIRT 
and ICAT collaboration

● ICAT supports research data management for large-scale 
facilities and is in production managing billions of datasets + files 
at ISIS, DLS, ESRF, HZB

● ICAT is composed of a set of scalable components :
○ ICAT Server:

■ Supports ORACLE and MariaDB databases
■ Rest/SOAP API

○ Authenticators: OpenID, SSO, DB, custom…
○ Fine-grained authorisation model based on roles
○ OAI-PMH metadata harvesting plugin
○ Search component based on Apache Lucene
○ python-icat: python client components
○ PANOSC/ExPands search API
○ Extensions e.g. e-logbook, bespoke portals, …



ICAT SITES
• ISIS: 1984, 150 000 experiments,  20 000 000 files

• DLS: 2008, 50 000 experiments, 5 000 000 000 files,
50 petabytes

• ESRF: 2015, 25 000 experiments, 2 000 000 datasets,
665 000 000 files, 12.4 petabytes

• HZB: deployed in 2019

• ALBA: deployed in 2023

• SESAME: deployed in 2023

• SIRIUS: evaluating in 2023
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ICAT CSMD SCHEMAS
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ICAT DEPLOYMENT
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ISIS DATA GATEWAY 
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ISIS DATA GATEWAY 
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ICAT+ EXTENDS ICAT CORE
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Data Catalog
https://data.esrf.fr

Data Service
Explore and Download 
data

Persistent Identifiers
Make your data findable 

and searchable

Search Service
Search engine for Big Data



ACCELERATING PD SCIENCE
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ICAT PARAMETERS == DICTIONARIES
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METADATA – NEXUS + ENHANCEMENTS
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1. ESRF-EBS has adopted Nexus as standard vocabulary
2. Where Nexus is missing definitions we have defined new 

keywords following Nexus conventions
3. See https://gitlab.esrf.fr/icat/hdf5-master-config/-

/blob/master/hdf5_cfg.xml 



ACCELERATING MX SCIENCE
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ACCELERATING MX SCIENCE
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ACCELERATING MX SCIENCE
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ELECTRONIC LOGBOOK
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ELECTRONIC LOGBOOK
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ACCELERATING SCIENCE
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FAIR DATA POLICY – MEANS
• Findable means implementing

• Digital Object Identifiers for datasets (DOIs), long term data archiving, 
metadata standard (Nexus/HDF5), metadata catalogue (ICAT), search API 
(OAI-PMH/PaNOSC), data portal (ICAT+)

• Accessible means implementing
• Data Policy (esrf.eu/datapolicy), data made available under a 

licence (CC), download protocol (e.g. http, rsync or globus)

• Interoperable means implementing
• Standard metadata vocabulary (Nexus), standard data format

(HDF5), use community standards (Gold Standard)

• Reusable means implementing
• High quality metadata, electronic logbook (ICAT+), 

open data licence (CC)

• Guidelines available from - PaNOSC, 
ExPaNDS, FAIRsFAIR, RDA, EOSC
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FAIR DATA READY FOR REUSE

Page 27 Making the most of data at ESRF - 22 August 2023 - CommDat workshop @ IUCr 2023 - Melbourne

Human Organ Atlas - https://human-organ-atlas.esrf.eu




CONCLUSION
• ICAT is a stable, scalable and maintainable metadata 

catalogue solution for very large data sources

• ICAT has multiple frontends and extensions which 
allows it to adapt to easily to complex scientific use 
cases with dictionaries of parameters e.g. MX, CryoEM, 
powder, spectroscopy, tomography …

• Scientists need processed data and advanced web 
interfaces to find, explore and exploit them

• FAIR DATA needs good metadata from the control 
system and good sample metadata + e-logbooks
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