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Towards FAIR GNSS data

EUREF Symposium ςMay 27, 2021

C. Bruyninx, A. Miglio, A. Fabian, J. Legrand
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..need for a service that, unlike FTP, 

Å allows users to easilysearch for and download data(and metadata) 
from multiple stations 

Å clearly provides data usage conditions

Å allows to acknowledge data provider

GNSS data repositories

άL ƴŜŜŘ ǘƘŜ Řŀǘŀ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ 
points. 
- NOA point in Greece
- TUC Point in Greece
-5¸bD tƻƛƴǘ ƛƴ DǊŜŜŎŜά

ά!ǊŜ Řŀǘŀ ŦǊŜŜ ǘƻ ǳǎŜΚέ
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FTP

Historical archive of daily RINEX data of EPN stations

For each station

Å Site log

Å Data license (if provided)

Å Networks to which station belongs

Å Precise coordinates

For each RINEX file 

Å File size

Å Owner of data

Å Information about included observations 

Å Data quality metrics

Å ΧΦ

EPN CB & M3G

RINEX files

station 
information

!ƭƭ ƛƴŦƻ ƛǎ ǘƘŜǊŜΣ ōǳǘ ƛǘΩǎ ƴƻǘ ǳǎŜŘ ŦƻǊ ǎŜƭŜŎǘƛƴƎ ŦƛƭŜǎ ǘƻ ōŜ ŘƻǿƴƭƻŀŘŜŘ ŀƴŘ ƴƻǘ 
provided with the downloaded RINEX files.
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Solution?

Evolve towards FAIR GNSS data

Findable
Accessible

Interoperable
Reusable

Provide API (Application Program Interface) to access the data
Ṋ allow to use search criteria 
Ṋ provide all necessary information (=metadata) about the data/station

Has to be done in standardized way to ensure machine-readability and interoperability with other 
datasets
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What are APIs?
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hotels

search query

search results

Χ ŀƴ ŜǾŜǊȅŘŀȅ ƭƛŦŜ ŜȄŀƳǇƭŜ ƻŦ ŀƴ !tL

Application Programming Interface (API) :
a software that allows two applications to 
communicate with each other

https://www.expedia.com/static/mobile/APIConsole/hotel.html

Standardized

https://www.expedia.com/static/mobile/APIConsole/hotel.html
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FAIR applied to GNSS



ROYAL 

OBSERVATORY 

OF BELGIUM

F
A

IR
 G

N
S

S
 d

a
ta

          E
U

R
E

F
 

S
y
m

p
o

s
iu

m
          M

a
y
 2

7
, 2

0
2

1

Data are described with rich metadata

Metadata, machine-readable and 

structured documentation

DATA
METADAT

A

Standard communications protocol to 
retrieve (meta)data

DATA
METADAT

A

APIs (Application Programming 

Interface)

STEP 1 STEP 2

STEP 3

Assign a persistent identifier (PID)

Globally unique and 

persistent identifiers
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Data are described with rich metadata

Metadata, machine-readable and 

structured documentation

DATA
METADAT

A

Standard communications protocol to 
retrieve (meta)data

DATA
METADAT

A

APIs (Application Programming 

Interface)

STEP 1 STEP 2

STEP 3

Assign a persistent identifier (PID)

Globally unique and 

persistent identifiers
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DigitalObjectIdentifiers(DOIs)for data

DOI is a characterstring (standardizedby ISO)used to uniquely
identify an object such as journal articles, researchreports and
datasets,e.g

https://doi .org/10.24414/ FST8-P256Ą landingpage

Persistent identifiers (PIDs) for GNSS data

Most obvious choice: Digital Object Identifiers          (  provided by DataCite

Ṋ Seismological community

Ṋ¦b!±/hΣ DC½Σ /55L{Σ 9th{Σ wh.Σ Χ

Ṋ GGOS working group on DOI ! Common approach to assign DOI to geodetic data and products

Prefix
Suffix
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Examples of DOIs

GFZ

https:// doi.org/10.5880/GFZ.1.1.2020.001Ą landingpage

GNSSdata of the globalGFZtrackingnetwork

Data Citation: Ramatschi, Markus; Bradke, Markus; Nischan, Thomas; Männel, Benjamin(2019): GNSSdata of the

globalGFZtrackingnetwork. V. 1. GFZDataServices. https://doi .org/10.5880/GFZ.1.1.2020.001

UNAVCO

https://doi .org/10.7283/ZR9Z-K767Ą landingpage

CVOGPSNetwork - YOCR-YocumRidgeP.S. - GPS/GNSSObservationsDataset

DataCitation: Kramer,Rebecca,Pauk, Benjamin,Montgomery-Brown,Emily,2021, CVOGPSNetwork - YOCR-Yocum

Ridge P.S., The GAGE Facility operated by UNAVCO, Inc., GPS/GNSSObservations Dataset at

https://doi .org/10.7283/ZR9Z-K767.

https://doi.org/10.5880/GFZ.1.1.2020.001
https://doi.org/10.7283/ZR9Z-K767
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Example of DOI landing page
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Advantages of DOIs

Ṋ A stable link to the data

Ṋ Facilitating access to, sharing and reuse of the data
ǐ track data provenance (data owner)
ǐ access specific versions of datasets
ǐ provide the user with information on data access restrictions

Ṋ Reliable long-term citation of the data 
ǐ acknowledge merits of data provider
ǐ provide statistics on data usage for funders

Ṋ Cross-linking through various objects
ǐ publications and underlying data
ǐ network-DOIs (e.g. for EPN data) and station-specific DOI
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How to get a DOI? 

1) Agencythat is memberof DataCite(e.g. TUDelft,GFZ,Χ)

2) Agencywhich hasa contractwith DataCitememberagency(e.g. ROB)= DOImintingagency

(Mostly)Datacentreresponsiblefor long-term storageof the data

Will assignthe DOIto the data

Procedure

ÁDataCitememberagencyprovidesprefix

ÁDOIminting agencychoosessuffix, providesDOImetadata,createsDOI,and maintains

DOIlandingpage

https://doi.org/10.24414/FST8-P256
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Step 1: In practice

Through M3G:

- Collection of existing DOIs for 

GNSS networks and GNSS stations

EPN historical data archive at ROB:

- Provide service to EPN station managers to assign DOI to the data of their 
GNSS stations (only if data does not yet have a DOI!)

STEP 1

Assign a persistent identifier (PID)

Globally unique and persistent 

identifiers
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Step 1: In practice

Through M3G:

- Collectionof existing DOIs for 

GNSS networks and GNSS stations

EPN historical data archive at ROB:

- Provide serviceto EPN station managers to assign DOI to their EPN data 
(only if data does not yet have a DOI!)

STEP 1

Assign a persistent identifier (PID)

Globally unique and persistent 

identifiers
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Data are described with rich metadata

Metadata, machine-readable and 

structured documentation

DATA
METADAT

A

Standard communications protocol to 
retrieve (meta)data

DATA
METADAT

A

APIs (Application Programming 

Interface)

STEP 1 STEP 2

STEP 3

Assign a persistent identifier (PID)

Globally unique and 

persistent identifiers
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Download daily RINEX data
TODAY

BRUX00BEL WTZR00DEU ACOR00ESP
02/2021-012/2021   001/2021-010/2021 005/2021-010/2021

RINEX data files RINEX data files RINEX data files



ROYAL 

OBSERVATORY 

OF BELGIUM

F
A

IR
 G

N
S

S
 d

a
ta

          E
U

R
E

F
 

S
y
m

p
o

s
iu

m
          M

a
y
 2

7
, 2

0
2

1

Download daily RINEX data
FUTURE

BRUX00BEL WTZR00DEU ACOR00ESP
02/2021-012/2021   001/2021-010/2021 005/2021-010/2021

RINEX data files RINEX data files RINEX data files
Metadata files Metadata files Metadata files

Metadata should provide all info a user needs to know about downloaded data
ĄRICH metadata
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Rich metadata
Station-specific metadata:  

Site log + DOI (including data license) 

Optionally: precise ETRS89 coordinates, 
GNSS network to which the station 
contributes, indiv. antenna calibΣ Χ 

Requirements

Å Allow easy discovery and harvesting of specific data requests by machines (standardized
vocabulary and scheme) based on PID

Å Allow interoperability with other data sets (e.g. using Json-LD)

Allow metadata to be exported in various  formats (user can select the one most suitable for him)

File-specific metadata (i.e. for each data file 
and created on-the-fly upon data download):

Data identifier, creation & publication date, type 
of RINEX (daily or hourly), summary and 
keywords, data license, observed constellations 

hǇǘƛƻƴŀƭƭȅΥ ǉǳŀƭƛǘȅ ŎƘŜŎƪ ǊŜǎǳƭǘǎΣ a5рΣ ŦƛƭŜ ǎƛȊŜΣΧ
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Step 2: In practice

ÅReview existing metadata standards to reach community-agreement (standardization!)
ÅStation metadata: 
Ṋ GeodesyML, working on extension with IGS infrastructure committee (DOI)

ÅFile metadata: 
ÅDiscuss with organizations providing file-specific metadata (e.g. UNAVCO)
Ṋ Extended GeodesyML? 

Ṋ (already existing) standardized metadata scheme?

Ṋ New?

ÅReview vocabulariesused 
ÅGlobal Change Master Directory (GCMD) Keywords from NASA

Data are described with rich metadata

Metadata, machine-readable and structured 

documentation

DATAMETADA
TA

STEP 2
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Data are described with rich metadata

Metadata, machine-readable and 

structured documentation

DATA
METADAT

A

Standard communications protocol to 
retrieve (meta)data

DATA
METADAT

A

APIs (Application Programming 

Interface)

STEP 1 STEP 2

STEP 3

Assign a persistent identifier (PID)

Globally unique and 

persistent identifiers
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Web services APIs for GNSS data

Several APIs available to access station descriptions (e.g. site log):

M3G, GFZ, Geoscience Australia

Few APIs to search/access GNSS data:

- BEV: working on it!

- UNAVCO & Geoscience Australia: Beta APIs

- EPOS: under testing 

ΧƻǊ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴƛŜǎΥ 

- SmartNetNorth America
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APIs to download GNSS station description 

Semisys- GFZM3G - ROB
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https://www.unavco.org/data/dai/

APIs to search/download GNSS data


