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EPOS is the European Research Infrastructure serving Solid Earth science

Multidisciplinary research platform to provide access to quality-controlled data from diverse Earth science disciplines,

together with tools for their use in analysis and modelling
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INTRODUCTION GNSS TCS FAIR data Added-value

Thematic Core Services (TCS)

« 10 different solid Earth science disciplines ensure data provision to the EPOS data portal
 TCS are transnational governance frameworks enabling community-specific coordination

e Each TCS is established as a Consortium of research organizations with its own governance
 TCS Consortia are designed to:

v'adopt joint strategies to tackle scientific, technical, financial, legal and ethical issues

v'develop of best practices for data harmonization and interoperability
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Thematic Core Services (TCS)

« 10 different solid Earth science disciplines ensure data provision to the EPOS data portal

 TCS are transnational governance frameworks enabling community-specific coordination

e Each TCS is established as a Consortium of research organizations with its own governance

dto:
tackle scientific, technical, financial, legal and ethical issues

* TCS Consortia are d

v’ adopt joint strate
es for data harmonization and interoperability

v develop of best p
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EPOS data portal

Web services

EPOS-GNSS data gateway
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Web services

EPOS-GNSS product portal

@ https://gnssdata-epos.oca.eu/
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FAIR data principles - Methodology =

CREATION OF FAIR DIGITAL OBJECTS (FDO) EPOS-GNSS implementation started in 2015

@ DATA

@ METADATA

@ PERSISTENT IDENTIFIER

@ ACCES SERVICES

THIS WORK IS LICENSED UNDER CREATIVE COMMONS ATTRIBUTIONS 4.0 INTERNATONAL

FAIR data principles were not on the table at that time
These last years = effort to catch up

The action plan “Turning FAIR into reality” from the EC
expert group on FAIR data (2019)*

e Originally introduced the concept of FAIR Digital Objects
(FDO)

* Turn your data into FAIR Digital Objects

*Turning FAIR into Reality: Final report and action plan from the European Commission expert group
on FAIR data. Publications Office of the European Union. https://doi.org/10.2777/1524
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FAIR data principles - Methodology =

Step 1: Construct a metadata shell around GNSS data files

Metadata must provide all necessary information a user needs
to know about the data

CREATION OF FAIR DIGITAL OBJECTS (FDO)

@ DATA e Use of standardized metadata schema and controlled
vocabularies

@ METADATA « Ensure metadata is machine-readable for automated

processing.
@ PERSISTENT IDENTIFIER

Step 2: Assign Persistent Identifiers (PIDs)

@ ACCES SERVICES _ , ,
* URLs that provide long-term (persistent) link to the data

* Enhance findability and long-term accessibility.

Step 3: Implement GNSS data access services

* Users need search services to find relevant GNSS data and
metadata

* Ensure efficient data discovery and retrieval.
Devaraju et al (2022). FAIRsFAIR Data Object Assessment Metrics (0.5).
https://doi.org/10.5281/zenodo.6461229
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EPOS-GNSS data flow concept
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GNSS data centers
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EPOS-GNSS data flow concept

GLASS software

21 7

GNSS data centers
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GLASS software: Make data in a GNSS data
center discoverable within EPOS

GLASS software
1. Performs GNSS (meta)data quality control

2. Stores results in local database

3. Provides access to GNNS data in data center(s)
and results of quality control through web
portal and web services (API)

4. If data OK: make data discoverable to the EPOS-
GNSS data gateway (web portal and web
services) and EPOS portal who will redirect
users to the data centers for data downloads
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EPOS-GNSS data flow concept em

GLASS software: Make data in a GNSS data
center discoverable within EPOS

GLASS software
1. Performs GNSS (meta)data quality control

2. Stores results in local database

3. Provides access to GNNS data in data center(s)
GNSS data nodes .
and results of quality control through web
portal and web services (API)
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Conclusions

EPOS-GNSS data flow concept

L 2 EPOS-GNSS data gateway

GLASS software: Make data in a GNSS data
center discoverable within EPOS

GLASS software
1. Performs GNSS (meta)data quality control

ccccc
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2. Stores results in local database

3. Provides access to GNNS data in data center(s)

GNSS data nodes .
and results of quality control through web
O e portal and web services (API)
g EPOS-GNSS data nodes L gt
web portal & web services ‘ 4. If data OK: make data discoverable to the EPOS-
. Deutschland ¢
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services) and EPOS portal who will redirect
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Steps towards FAIR data

Step 1: Construct a metadata shell around
CREATION OF FAIR DIGITAL OBJECTS (FDO) GNSS data files

@ DATA Collection of rich metadata

* Technical descriptions of GNSS stations
@ METADATA

e Data licenses

@ PERSISTENT IDENTIF
» Data provenance

ACCES SERVICES

® * GNSS data quality information = generated
at data nodes and made available through
web services
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GNSS data gateway
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Collection of GNSS station metadata (M3G) Ry
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» B sgencies -

GNSS stations with metadata in M3G

9-(HAR ID l:

AARSBAEEL
ABANGAESP

ABBSEaGER

ABDBSBGLP
ABDZ@aGLP

ABEAGBGER

ABEP@BGER

ABGaeaaLP
ACALBBESP
ACERBAITA
ACHE@BFRA
ACIN@AESP
ACNSBAESP
ACOMBAITA
ACORBAESP

ADARBBGER

ADCSEER0U

B stations~

COUNTRY

Belgium (BEL)
Spain (ESP)

United Kingdom of Great Britain
and Northern Ireland (the) (GBR)

Guadeloupe (GLP)
Guadeloupe (GLP)

United Kingdom of Great Britain
and Northern Ireland (the) (GBR)

United Kingdom of Great Britain
and Morthern Ireland (the) (GBR)

Guadeloupe (GLP)
Spain (ESP)
Ttaly {ITA)
France (FRA&)
Spain (ESP)
Spain (ESP)
Italy (ITA)
Spain (ESP)

United Kingdom of Great Britain
and Northern Ireland (the) (GBR)

Romania (ROU)

& Data Centers/Nodes -

INSTALLATION DATE

2819-85-14

Metadata Management and Distribution

System for Multiple GNSS Networks

*"' Networks/Projects

GNS5 RECEIVER

LEICA GRS8
LEICA GR38

LEICA SR53@

SPECTRA SP9aM

TRIMBLE METR9

LEICA RSSa@

TRIMBLE ALLOY
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TRIMBLE ALLOY
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TRIMBLE METR9
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ASH7@1545E_M
LEIATS24

LETARZ28

LEIAR1®
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I Select Columns for Export -

[ Select Export Format ']

ANTENNA RADOME
TYPE

LEIT
LEIT

LEIS
SPKE
SPKE

LEIS

LEIT

HOME
LEIS
5CIS
SPKE
LEIM
5CIS
SCIT
LEIS

LEIM

NOME

LAST TRACKED SATELLITE SYSTEMS

GP5+aL0+GAL+BDS
GP5+aL0+GAL+BDS
aP5
GP5+0L0+GAL+BD5+5B6A5
GP5S+GLO+GAL

aPs

GP5+aL0+GAL+BDS

GP5+HILO+HIAL+5BAS
GP5+GLO
GP5S+GLO+GAL
GP5+aL0+GAL+BDS
GP5+aL0+GAL+BDS
GP5+aL0+GAL+BDS
GPS+OLO+HGAL+BDS+)Z55+IRNSS+5BA5

GP5+aL0+GAL+BDS
GP5+aL0+GAL+BDS

GPS+GLO+GAL+BDS

LAST UPDATE OF
S5ITE LOG

2824-83-15
2824-18-38

2823-84-96

2824-18-18
2824-859-13

2823-84-26

2824-@1-18

2825-a1-96
2824-18-38
2824-12-@
2823-12-87
2824-84-24
2823-85-31
2824-12-85
2825-81-28

=}

2823-86-28

2823-83-21

DATA
LICENSE

CC-BY-4.@
CC-BY-4.@

CC-BY-4.

CC-BY-4.@
CC-BY-4.@

CC-BY-4.

CC-BY-4.

CC-BY-4.
CC-BY-4.
CC-BY-4.
CC-BY-4.
CC-BY-4.
CC-BY-4.
CC-BY-4.
CC-BY-4.

CC-BY-4.

CC-EBY-4.

=]
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9-CHAR ID l&

AARSBBEEL
ABANBGESP

ABBSBOGER

ABDoRoaLP
ABDI@oaLP

ABEABGGER

ABEPBOGER

ABG@BGGLP
ACALBGESP
ACERBEITA
ACHEBGFRA
ACINGGESP
ACNSBAESP

Metadata Management and Distribution

System for Multiple GNSS Networks

Conclusions

y I Select Columns for Export -

[ Select Export Format -

CONTRY NATNTAINER
Belgium (BEL) ROB
Spain (ESP) CARM
United Kingdom of Great Britain and Morthern Ireland (the) 05
(GBR}
Guadeloupe (GLP) IGN_RGP

Guadeloupe (GLP)

United Kingdom of Great Britain and Morthern Ireland (the)
(GBR)

United Kingdom of Great Britain and Morthern Ireland (the)
(GBR)

Guadeloupe (GLP)
Spain (ESP)
Italy (ITA}
France (FRA)
Spain (E5P)}

Spain (ESP)

OV5G-IPGP

05

0s
OVSG- IPGP
CARM
INGV
IGN_RGP
IGEAR

ITACYL

RESPONSIBLE
AGENCY

IPGP
CARM
INGV

TERIA

IGEAR

ITACYL

DATA CENTERS/MNODES

Belpian-node
IGE

Pan-European

IPGP-GH55
IPGP-GMS5

Pan-European

Pan-European

IPGP-GMSS
IGE
IRN
French-node
IGE
IGE
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Introduction GNSS TCS FAIR DATA Added-value

Steps towards FAIR data

CREATION OF FAI DIGITAL OBJECTS (FDO) Step 2: Assign Persistent Identifiers (PIDs):

@ DATA

Collection of Persistent Identifiers = Digital Object

@ METADATA |dentifiers (GGOS)
e Standardization of DOl metadata for GNSS datasets
@ PERSISTENT IDENTIFIER * DOl for datasets of GNSS stations

e DOI for datasets of GNSS networks

ACCES SERVICES .
© Community engagement

* Encourage GNSS station owners to assign DOI
e Help GNSS stations owners to get DOI
e Cite usage of GNSS data through DOI

THIS WORK IS LICENSED UNDER CREATIVE COMMONS ATTRIBUTIONS 4.0 INTERNATONAL
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System for Multiple GNSS Network . o
ystem for Multiple etworks GNSQJ d
fiers ©
H Agencies~ Stations~ Data Centers/Nodes~ MNetworks/Projects File Server C"\de"\t\ +« R

GNSS stations DOI

( y o T Select Columns for Export - 4 Select Export Format - |
9-CHAR ID l= STATION DATA DOI LOCAL /NATIONAL NETWORKS
AARSBBBEL 1a.24414/R0OE- GN55-AARSBBEEL FLEPOS (1@.24414/ROB-FLEPOS)
ABANSBESP - REGAM (-)
ABBS@BGER - 05 Net (-)
ABDEGBGLP - GL (1@.18715/GUADELOUPE.OVSG), RGP (-}, TERIA (-]
ABDZ@BGLP - GL (1@.18715/GUADELOUPE.OVSG), WI (18.18715/ANTILLES.WI)
ABEAGBGER - 05 Net (-)
ABEPOOGER - 05 Net (-)
ABGBEAGLP - GL (1@.18715/GUADELOUPE.OVSG)
ACALBBESP - REGAM (-)
ACERGAITA - RING (1@.13127/RING)
ACHERBFRA - RGP (-}, TERIA (-)
ACINGBESP - ARAGEA (-)
ACNSBBESP - ERGNSS (-), ITACYL (-)
ACOMBBITA - FReDNet (18.6892/frednet)
ACORBBESP 18, 24414/R0OE- EUREF - ACORBGESP ERGNSS (-)
ADARBBGER 18, 24414/R0OE- EUREF - ADARSSGER 05 Met (-)
TH|5 WORK ADCSABROU - NIEP_GNSS (-)
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Steps towards FAIR data

Step 3: GNSS data access services

EPOS-GNSS Data gateway/nodes and M3G have API to
CREATION OF FAIR DIGITAL OBJECTS (FDO) retrieve GNSS (meta)data

e But original EPOS API not developed with FAIR data

@ PATA principles in mind = improvements necessary

@ METADATA * Require background work on

* standardization of rich metadata (e.g. GNSS-

@ PERSISTENT IDENTIFIE DCAT-AP)

@ ACCES SERVICES * Upgrade web services

= Currently, not all collected rich metadata can be
retrieved from EPOS data portal

ROB’s: Already existing Open data portal aligned with FAIR data principles:  https://gnss.be/opendataportal
Paper submitted to GPS sol. with detailed description of methodology https://fair-gnss.oma.be + link to webinar
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EPOS-GNSS stations : Available data
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Increase of available GNSS data files OgsERUATORY

Number of stations with GNSS RINEX files

1400 -
12001+ °
1000 -

800 -

#Stations

600 -

400 A

200 -

1996 2000 2004 2008 2012 2016 2020 2024
Year

THIS WORK IS LICENSED UNDER CREATIVE COMMONS ATTRIBUTIONS 4.0 INTERNATONAL



*

GNSS TCS FAIR data ADDED-VALUE

* %k ok Kk
* % kX

ROYAL

Added-value of increased GNSS data availability ]

Exercise

Solar storms of May 2024 was a series of powerful solar storms with extreme
solar flares and geomagnetic storm components that occurred from 10-13 May
2024 during solar cycle 25.

Pierrard et al, 2025, Effects of the Geomagnetic Superstorms of 10—11 May 2024 and 7-11
October 2024 on the lonosphere and Plasmasphere, Atmosphere 2025, 16(3),
299; https://doi.orq/10.3390/atmos16030299

Effect on GNSS operations : interruptions in GNSS signal reception ?

- Quantification of % increase of signal interruption wrt baseline values (28-04-2024 to 05-
05-2024)

— Using on one hand EUREF’s GNSS network and on the other hand EPOS” GNSS network

THIS WORK IS LICENSED UNDER CREATIVE COMMONS ATTRIBUTIONS 4.0 INTERNATONAL
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Concluding remarks oo

OF BELGIUM

e EPOS is example of a European Research Infrastructure Consortium (EPOS ERIC)

* Members are countries that pay annual membership fee and commit to support EPOS activities in
their countries

* Sustainability of the services remains a challenge

* EPOS-GNSS provides centralized access to GNSS data (and data products) of 1000’s of GNSS
stations

e Valuable source of information for multi-disciplinary research and generation of operational
products

 Distributed infrastructure of data nodes and GNSS metadata system (M3G)

* Implementation of FAIR data principles is ongoing

THIS WORK IS LICENSED UNDER CREATIVE COMMONS ATTRIBUTIONS 4.0 INTERNATONAL




The EPOS@ROB activities received funding from

Belgian Science Policy Office

Belgian Science Policy Office under grant agreements No

I FSIRI/33/EP1, EF/211/SERVE,and B2/202 /P2 /FAIR-GNSS
belspo
o geb the Europeanunion’s Horizon 2020 research and innovation
*
****** programme under grant agreements No 871121 and 101058518

EP@S the European Plate Observing System Research Infrastructure
S Consortium

C& the Solar-terrestrial Centre of Excellence

THIS WORK IS LICENSED UNDER CREATIVE COMMONS ATTRIBUTIONS 4.0 INTERNATONAL

Contact

Carine Bruyninx
C.Bruyninx@oma.be

ROB’s EPOS team
epos@oma.be

*
* %k ok Kk
* % kX

ROYAL
OBSERVATORY
OF BELGIUM



mailto:C.Bruyninx@oma.be
mailto:epos@oma.be

	Slide 1
	Slide 2
	Slide 3: Thematic Core Services (TCS)
	Slide 4: Thematic Core Services (TCS)
	Slide 5: TCS GNSS data and products
	Slide 6: TCS GNSS data and products
	Slide 7: FAIR data principles - Methodology
	Slide 8: FAIR data principles - Methodology
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13: Steps towards FAIR data
	Slide 14: Collection of GNSS station metadata
	Slide 15: Collection of GNSS station metadata
	Slide 16: Collection of GNSS station metadata (M3G)
	Slide 17: Collection of GNSS station metadata (M3G)
	Slide 18
	Slide 19: Steps towards FAIR data
	Slide 20
	Slide 21: Steps towards FAIR data
	Slide 22: EPOS-GNSS stations : Available data
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Concluding remarks
	Slide 27

