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Putting the FAIR principles into practice:
the journey of a GNSS data repository
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A Royal Observatory of Belgium (ROB)maintaining a publicly available data
repository containing GNSS data

C. Bruyninx, A. Fabian, J. Legrand, A. Miglidafaert, D.Mesmakey F.BamahryF. Bodranghien,
E. Pottiaux
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A Ghent Universityy open data specialists
S. DeBodt, P.OsetGarcia, I. VaNieuwerburgh
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Demands from data users and managers
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)
GNSS user community A Search for and download dattom GNSS multiple stations T
2 z
9 > A Getdata usage conditions é
A Acknowledge (cite) data providers
/ =
S
>
s
GNSS station managers )
n A Need for better recognition of data provision, but ndata O
. citaionSy I 6 f SR X 2
of 3
A Track usage of data (funding agencies) =
A Nodata license information provided T
j GHENT
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Demands from organizations

GNSS organizations
ne-E-un

|GS INTERNATIONAL
GNSS SERVICE

1 GGOS

4! Global Geodetic
51 Observing System

Scientific community

EGU AGU EPOS

EUROPEANPLATEOBSERVINGSYSTEM

EU policy actions
NEeOoSC

European Open Science Cloud

A maximize interoperability and discoverabilitgf
geodetic products and services

A and more explicitlyimplement FAIR data principles

EUREF(2021)Resolutions

Resolution No. 2.

The IAG Reference Frame Sub-commission for Europe

(EUREF) -

comsidering that major funding bodies, mcluding the
European Commission, promote and require the
implementation of FAIR  (Findable, Accessible,
Interoperable, and Reusable) data principles

and recognising that FAIE. data principles increase the value
and the reuse of digital resources. by humans as well as
machines

encourages the EUREF community to adopt these principles
in all aspects of data management
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https://igs.org/
https://ggos.org/
https://epncb.oma.be/
https://eosc.eu/
http://www.euref.eu/symposia/2021Online-from-Ljubljana/06-02-Resolutions-p-EUREF2021.pdf
https://www.egu.eu/
https://www.agu.org/
https://www.epos-eu.org/

Solution? Apply FAIR data principles?

Implementing FAIR data principles is challenging!

A FAIR data principles first introduced by Wilkinson in 2Qfgheral principles and putting them into
practice is not trivial

A Overwhelmed by papers and initiativesbout FAIR data principles
A Few handon papers

A Moving towards FAIR data requires
Osubstantial change in practice, technologies and their implementagon

¥

Asked help from open data experts at University Gent
and decided to ask funding from Belgian Science Policy @fflEAIRGNSS project
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A Partners: Royal Observatory of Belgium & Ghent University

A Funding AgencyBelgian Science Policy Office (BELSPO)

Jeulgapa

A Duration:15/12/2020¢ 14/03/2023
A Budget: 35 PM funded

A Goal:Create an open data portal for European and Belgian GNSS reference
station data collections, built upon FAIR guiding principles
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https://www.belspo.be/
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Part 1- GNSS data and the data repository

Part 2- Introduction to FAIR data principles
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Part 3¢ The journey so far: FAIR for GNSS data

Jeulgapa

P preak
Part 3¢ The journey so far: FAIR for GNSS datat.)

Part 4¢ Lessons learned and next steps

)
202 ‘TT 4290100

Discussion Q&A

GHENT
UNIVERSITY




*
% % %k Kk Kk
* %k K Kk

ROYAL
OBSERVATOF
OF BELGIUM

Part 1- GNSS data and the data repository

Part 2- Introduction to FAIR data principles

>
0
Z
n
)]

Part 3¢ The journey so far: FAIR for GNSS data

Jeulgapa

P preak
Part 3¢ The journey so far: FAIR for GNSS datat.)

Part 4¢ Lessons learned and next steps

)
202 ‘TT 4290100

Discussion Q&A

GHENT
UNIVERSITY




*
% % %k Kk Kk
* %k K Kk

ROYAL
OBSERVATOR
OF BELGIUM

>
0
Z
n
)]

Jeulgapa

Part 1- GNSS data and the data repository
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GNSS data Iin a nutshell GRS

A Gobal NavigationSatellite Systems, e.g. GPS, Galileo, GLONASS, BeiDou

>
0
Z
n
)]

A GNSS emit radio signals capturedd@iySS stationmstalled at fixed locations on
the Earth

A GNSS stations are equipped with higlecision GNSS instruments enabling mm
level positioning

Jeulgapa

A GNSS datased for multidisciplinary applications: Maintenance of coordinate
NEFSNBYOS &aeaidsSvyasz Y2yAUu2NAy3 2F 3INR

GHENT
UNIVERSITY




*
L 0.0 0 & ¢
* %k K Kk

The GNSS data repository ol

A Historical data repository/center
(HDQ containing the DAILY
observation data of 430+ GNSS
stations (since 1996)

1 file/day/station

=
0
Z
n
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Jeulgqapn

A ROB = EUREF Permanent Network
Central Bureau

A 100+ different agencies (data
owners) are involved

A Voluntary contributions

] \ \
2021 Féb 16 02:36:06 [ K | { | ‘ \http:/www.epncb.eu
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Index of ftp://epncb.oma.be/pub/obs/

f, Up to higher level directory

Name Size Last Modified

| 1895 24/01/2014  07:00:00
|} 1998 01/12/2009  01:00:00
b 1997 10/01/2014  01:00:00
1 1998 16/10/2019  02:00:00
| 1599 02/09/2017  0Z:00:00
1) 2000 02/12/2009  07:00.00
) 2001 01/12/2009  01:00:00
1) 2002 03/12/2009  01:00:00
1) 2003 04/12/2009  07:00:00
1) 2004 05/12/2009  01:00:00
) 2005 06/12/2009  01:0D0:00
) 2008 07/12/2009  01:00:00
1) 2007 18/07/2011  02:00:00
|} 2008 19/10/2016  02:00:00
|} 2009 20/08/2010  02:00.00
[\ 2010 08/06/2017  02:00:00
1 2011 137042012 02:00:00
12012 04/02/2013  07:00:00
1) 2013 03/04/2014  02:00:00
1) 2014 13/02/2015  01:00:00
[} 2015 01/03/2016  01:00:00
1) 2016 01/03,/2017  01:00:00
I 2017 01/03/2018  07:00:00
1) 2018 01/03/2019  07:00:00
) 2019 07/01/2020  01:00:00
1) 2020 07/01,/2021  01:17:00
1) 2021 15/02/2021 011700

Index of ftp://epncb.oma.be/pub/obs
/2021/

t Up to higher level directory

Name Size Last Modified

|y 001 05/02/2021  01:42:00
|y 002 05/02/2021  01:42:00
|y 003 05/02/2021  01:42:00
|1 00 270172021 01:26:00
|1 005 28/01/20217  01:26:00
|1 006 29/01/2021  01:26:00
|y 007 30/01/2021  01:24:00
|1 008 3170172021 02:54:00
|1 00 0170272021 01:25:00
[y 010 02/02/2021  01:37:00
| 011 03/02/2021  01:27:00
012 040272021 01:28:00
013 05/02/2021  01:42:00
1014 06/02/2021  01:27:00
015 0770272021 01:4500
| 016 08/02/2021  01:25:00
oy 09/02/2021  01:27:00
018 10/02/2021  01:32:00
[ 01% 11/02/2021  01:27:00
|1 020 12702720217 01:27:00
| 021 13/02/2021  01:25:00
|y 022 14/02/2021  02:05:00
|1 023 15/0272021  01:25:00
|1 024 15/02/2021  01:25:00
11 025 15/02720217  01:25:00
|1 026 15/0272021  01:25:00
Iy 027 15/02/2021  01:25:00
|y 028 15/0272027  07:24:00
|1 029 15/0272021  01:24:00

Index of ftp://epncb.oma.be/pub/obs/2021/012/

| Up to higher level directory

File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:

ACORDDESP_R_20210120000_01D_305_MO.crx.gz
ADARD120.21D.gz
AJACDOFRA_R_20210120000_01D_305_MO.cre.gz
AJAC0120.21D.gz
ALACODESP_R_20210120000_01D_305_MO.cre.gz
ALBAODESP_R_20210120000_01D_305_MO.crx.gz
ALMEOOESP_R_20210120000_01D_305_MO.crx.qz
ANK20120.21D.gz
ANKROOTUR_R_20210120000_01D_305_MO.cre.gz
ANKR0120.21D.gz
AQUIDDITA_R_20210120000_01D_305_MO.cre.gz
ARGIOOFRO_R_20210120000_01D_305_MO.cr.gz
ARGID120.21D.gz

ARIS0120.21D.gz
ARJGOOSWE_R_20210120000_01D_305_MO.crx.gz
AUBGOODEU_R_20210120000_01D_305_MO.crx.gz
AUBGD120.21D.g2

AUTI0120.21D.g2
AUTNOOFRA_R_20210120000_01D_305_MO.cre.gz
AUTND120.21D.gz
AXPVODFRA_R_20210120000_01D_305_MO.cre.gz
AXPVD120.21D.9z
BADHOODEU_R_20210120000_01D_305_MO.crx.gz
BAIADOROU_R_20210120000_01D_305_MO.cre.gz
BAIAD120.21D.gz
BAUTODDEU_R_20210120000_01D_305_MO.cre.gz
BAUTD120.21D.qz
BBYSOOSVK_R_20210120000_01D_305_MO.cre.gz
BCLNODESP_R_20210120000_01D_305_MO.crx.gz
BELLDDESP_R_20210120000_01D_305_MO.crx.gz
BOGEODPOL_R_20210120000_01D_305_MO.cre.gz
BOGED120.21D.gz

Size
1695 KB
1143 KB
3747 KB
2465 KB
1278 KB
1347 KB
1722 KB
733 KR
1803 KB
1255 KB
2063 KB
2305 KB
1006 KB
1152 KB
2111 KB
2616 KB
1262 KB
343 KB
1208 KB
1614 KB
1997 KB
2039 KB
2596 KB
2591 KB
637 KB
5600 KB
1597 KB
2080 KB
1200 KB
2381 KB
2582 KB
1981 KB

Last Modified

19/01/2021
19/0172021
1970172021
18/01/2021
1970172021
19/01/2021
15/01/72021
19/01/2021
19/01,/2021
1970172021
19/01/2021
15/01/72021
19/01/2021
19/0172021
1970172021
19/01/2021
18/01/2021
19/01/2021
19/0172021
19/01/2021
19/01,/2021
1970172021
19/01/2021
15/01/72021
19/01/2021
19/01,/2021
1970172021
19/01/2021
18/01/2021
19/01/2021
19/0172021
19/01/2021

07:27:00
011700
07:27:00
01:17:00
07:27:00
01:27:00
07:27:00
07:17:00
01:27:00
01:17:00
01:27:00
07:27:00
07:17:00
011700
07:27:00
01:27:00
011700
01:17:00
07:27:00
07:17:00
01:27:00
01:17:00
01:27:00
07:27:00
07:17:00
01:27:00
01:17:00
01:28:00
07:28:00
01:28:00
07:28:00
07:17:00



Index of ftp://epncb.oma.be/pub/obs/

t Up to higher level directory

Name Size
1995
1996
1997
1993

%"

Last Modified

24/01/2014
01/12/2009
10/01/2014
16/10/2019

[ B s W L]

Structure of the data repository:

A

Similar to other GNSS data repositories within

01:00:00
01:00:00
01:00:00
02:00:00

e Ty WateY

Index of ftp://epncb.oma.be/pub/obs

/2021/

t Up to higher level directory

the International GNSS Service or some of its "

regional components

File naming follows communiggreed

international standards: 1 GNSS observation .
file/day/station (= simplification!!)

RINEX formas standard format in use within  »:

the GNSS community

Data downloadable via ftp or https

2017 01/03/2018  01:00:00
2018 01/03/2019  01:00:00
2019 07/01/2020  01:00:00
2020 07/01/2021  01:17:00
2021 15/02/2021  01:17:00

Name Size Last Modified
oo 05/02/2021  01:42:00
002 05/02/2021  01:42:00
003 05/02/2021  01:42:00
004 27/01/2021  01:26:00
003 28/01/20217  01:26:00
06 29/01,2021  01:26:00
o7 30/01/2021  01:24:00
0E 3170172021 02:54:00
09 01/02/2021  01:25:00

02/02/2021  01:37:00
N1 03/02/2021  01:27:00
na 04/02/2027  01:28:00
13 05/02/2021  01:42:00
n4 06/02/2021  01:27:00

07/02/2021  01:4500
e 08/02/2021  01:25:00
nr 09/02/2021  01:27:00

10/02/2021  01:32:00
na 11/02/2021  01:27:00
120 12702720217 01:27:00
921 13/02/2021  01:25:00
222 14/02/2021  02:05:00
023 15/0272021  01:25:00
024 15/02/2021  01:25:00
025 15/02720217  01:25:00
026 15/0272021  01:25:00
027 15/02/2021  01:25:00
028 15/0272027  07:24:00
024 15/0272021  01:24:00

Index of ftp://epncb.oma.be/pub/obs/2021/012/

t Up to higher level directory

File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:

ACORDDESP_R_20210120000_01D_305_MO.crx.gz
ADARD120.21D.gz
AJACDOFRA_R_20210120000_01D_305_MO.cre.gz
AJAC0120.21D.gz
ALACODESP_R_20210120000_01D_305_MO.cre.gz
ALBAODESP_R_20210120000_01D_305_MO.crx.gz
ALMEOOESP_R_20210120000_01D_305_MO.crx.qz
ANK20120.21D.gz
ANKROOTUR_R_20210120000_01D_305_MO.cre.gz
ANKR0120.21D.gz
AQUIDDITA_R_20210120000_01D_305_MO.cre.gz
ARGIOOFRO_R_20210120000_01D_305_MO.cr.gz
ARGID120.21D.gz

ARIS0120.21D.gz
ARJGOOSWE_R_20210120000_01D_305_MO.crx.gz
AUBGOODEU_R_20210120000_01D_305_MO.crx.gz
AUBGD120.21D.g2

AUTI0120.21D.g2
AUTNOOFRA_R_20210120000_01D_305_MO.cre.gz
AUTND120.21D.gz
AXPVODFRA_R_20210120000_01D_305_MO.cre.gz
AXPVD120.21D.9z
BADHOODEU_R_20210120000_01D_305_MO.crx.gz
BAIADOROU_R_20210120000_01D_305_MO.cre.gz
BAIAD120.21D.gz
BAUTODDEU_R_20210120000_01D_305_MO.cre.gz
BAUTD120.21D.qz
BBYSOOSVK_R_20210120000_01D_305_MO.cre.gz
BCLNODESP_R_20210120000_01D_305_MO.crx.gz
BELLDDESP_R_20210120000_01D_305_MO.crx.gz
BOGEODPOL_R_20210120000_01D_305_MO.cre.gz
BOGED120.21D.gz

Size
1695 KB
1143 KB
3747 KB
2465 KB
1278 KB
1347 KB
1722 KB
753 KB
1803 KB
1255 KB
2063 KB
2205 KB
1006 KB
1152 KB
2111 KB
2616 KB
1262 KB
343 KB
1208 KB
1614 KB
1997 KB
2039 KB
2596 KB
2591 KB
637 KB
5600 KB
1597 KB
2080 KB
1200 KB
2391 KB
2582 KB
1981 KB

Last Modified

19/01/2021
19/0172021
1970172021
18/01/2021
1970172021
19/01/2021
15/01/72021
19/01/2021
19/01,/2021
1970172021
19/01/2021
15/01/72021
19/01/2021
19/0172021
1970172021
19/01/2021
18/01/2021
19/01/2021
19/0172021
19/01/2021
19/01,/2021
1970172021
19/01/2021
15/01/72021
19/01/2021
19/01,/2021
1970172021
19/01/2021
18/01/2021
19/01/2021
19/0172021
19/01/2021

01:27:00
01:17:00
01:27:00
01:17:00
01:27:00
01:27:00
01:27:00
01:17:00
01:27:00
01:17:00
01:27:00
01:27:00
01:17:00
01:17:00
01:27:00
01:27:00
01:17:00
01:17:00
01:27:00
01:17:00
01:27:00
01:17:00
01:27:00
01:27:00
01:17:00
01:27:00
01:17:00
01:28:00
01:28:00
01:28:00
01:28:00
01:17:00
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- >
Example of RINEX 3.04 OBSERVATION DATA M (MIXED) RINEX VERSION / TYPE 8
data fiIe sbf2rin-13.4.5 20210922 000348 UTC PEM / RUN BY / DATE >
BRUX(00BEL MARKER NAME n
13101M010 MARKER NUMBER 0N
Header—= RoB ROB OBSERVER / AGENCY
3057609 SEPT POLARXSTE 5.4.0 REEC # / TYPE / VERS
00464 JAVRINGANT DM  SCIS ANT # / TYPE
0.4689 0.0000 0.0010 ANTENNA: DELTA H/E/N
4027881.8468 306998.2610 4919498.6524 APPROX POSITION XYZ E
D
— =3
>
GNSS Observations » 021 05 21 00 00 00.0000000 0 42 =
c05 40201851.771 5 40201850.831 6 40201848.053 6
RINEX data file —> wLb?9. KSI RS NJ ) RSé.ONJ\LJU)\Q)/ 27T uKS

\ GNSS observations
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Additional information

N\
o »
A,
/
A
Information related
GNSS station to RINEX files
iInformation
r-
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Additional information

N\
o »
A,
/
A,
Information related
GNSS station to RINEX files
information
r-
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GNSS station descriptions
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M3D Y
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Used by GNSS station managers to maintain description of
their GNSS station:
A

A

Location of the station

Historical overview of equipment used in the
station, changes in environmentcrucial
information for reliable analysis of the GNSS
data

Station responsible

A
A

DOI, data license

Station pictures

A Exported in community INBESR F2NXI GY
GeodesyML (under development)

A Does not contain all available information!

Yyl 3ASYSy

G

OBSERVATOF
OF BELGIUM

L ] - -w
~" 8 Y ®
L ) A 2 : ;
f ﬂ/lesdy Manggegler{ pjd Distribution - ® o
" °
System for Multiple GNSS Networks
&
°
n B Agencies @ Stations &8 Metadata Catalog & EPOS Data Nodes ™3™ Networks B Dogumentation~ @ About~ ) Logih
Supported GNSS networks 2853 GNSS stations with metadata in M3G Updates
o ACOROOESP
ra PS .'. :.Q .o + Section 11
EUREF Permanent k= €S 2o« -
Network (EPN) o PRAY XX — ALOROOESP
L es 8 %% Section 12
>} G -
. = Svey ¢ o0 Q LPALOOESP
% s Rut Section 11
MELIOOESP
EPN Densification MENCOOESE
Network S -
@ OLOTOOESP
o > ‘.‘ % A o 5 Section
¥y Sl Geo" YEBEOOESP o
/ . ditorrac ean Am. &
l.@.’ b -. @ T SR
*
1 3 Tun. < Mg
e A o ® ¥ EPN stations n PLLAOO,GBR
{ )\ u Surope{\ Pl% 3 e 2 NJ Mor. EPN densification stations seenen
Observing System d Algeria ] R 2
(EPOS) Network it EPOS stations W - 2

E

1000 km Yv e LLA
https://gnssmetadata.eu

o EPOS
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https://gnss-metadata.eu/
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Example of GNSS site log

BRUX@BBEL Site Information Form (site log)

International GNSS Service

MDY daSGFRFEGE YFyF3SySyd &@&d Sy FeN | - T
p - 2 Z . L https://files.igscb.org/pub/station/general/sitelog instr.txt -
Ydzt UALX S Db{{ YSuU@2NJac A
Z
a. Form
Used by GNSS station managers to maintain description of 8
their GNSS station: ot by (o ey« e,
. . Report Type : UPDATE
A Location of the station If Update:
Previous Site Log : bruxesbel_28228485.log
A Historical overview of equipment used in the Modified/Added Sections : 6.12, 6.13 %
station, changes in environmentcrucial =3
information for reliable analysis of the GNSS 1. Site Identification of the GNSS Monument >
=
data 5ite Name : Brussels
. ; Four Character ID : BRUX
A Station responsible Monument Inscription
IERS DOMES Number : 13181Mele O
A DOI, data license COP Number :(a2) S
Monument Description : STEEL MAST E;
. . Height of the Monument : B m o
A Stat|0n pICtureS Monument Foundation : CONCRETE BLOCK Q
Foundation Depth :3m
a8 A = z r g A M i pchi : =
A Exportedincommunity ANBSR F2N¥IFGY a{AGS 2 F¢ 2Ny T O TOLE T sTER AT =
GeOdesyML (undel’ deve|0pment) Geologic Characteristic : SAND B
Bedrock Type : SEDIMENTARY N
. . . B Bedrock Condition : FRESH 1:::J\J
A Does not contain all available information! Fracture Spacing : @ cm I
Fault zones nearby : _NO GHENT

UNIVERSITY



Additional information

N\
o »
A,
/
A
Information related
GNSS station to RINEX files
iInformation
r-
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RINEX filelependent extra information

51 0F NBLRAAG2NE YIFIAYydlFAySR

commitment as Central Bureau of the EUREF
Permanent GNSS Network (ERN)
https://epncb.oma.be

For each RINEX file:

A Monitoring data availability)atency, and
quality of daily GNSS dafdes

A Verification of consistency of RINEX header
with GNSS station description (site log)

A Publication on EPN CB web site

A Notifications to station managers
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e ORGANISATION ~ NETWORK & DATA ~

elcome !

yrmation and registration

The EUREF Permanent GNSS Network

PRODUCTS & SERVICES ~ DOCUMENTATION ~

EUREF Permanent GNSS
Network w

NEWS, EVENTS & LINKS ~ Q

19

Quick Station Links

Next Meetings

virtual

https://epncb.oma.be
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RESPONSIBLE FOR METADATA
RESPONSIBLE AGENCY

RINEX filelependent extra information

IGIK (Institute of Geodesy and Cartography)
IGIK (Institute of Geodesy and Cartography)

CURRENT STATION CONFIGURATION boge00Opol_20210728.log

STATUS IN EPN

LAST AVAILABLE DATA

LAST RECEIVER

SETTO TRACK

LAST ANTENNA

INDIVIDUAL CALIBRATION(S)

DATA ROUTINELY ANALYSED BY
INCLUSION IN OTHER NETWORK(S)

included since 05-05-2019
06-10-2022

LEICA GR30 (23-07-2021 to now)
GPS+GLO+GAL+BDS+SBAS
LEIAR20 LEIM (27-09-2018 to now)
none

BEV, BKG, WUT

EPOS

Data Provided

RINEX Data Quality

Position, Velocity & Time Series

Tropospheric Delays

Description : PillaggvT

benchmark
NgapsEet date = 24
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RINEX filelependent extra information

51 0F NBLRAAG2NE YIFAYyQdl A ys R Rogprvedfiope@onsepap iy S 2=F ‘wh .

commltment as Central Bureau of the EUREF
Permanent GNSS Network (ERN)
https://epncb.oma.be

For each RINEX file:

A Monitoring data availability)atency, and
quality of daily GNSS dafdes

A Verification of consistency of RINEX header
with GNSS station description (site log)

A Publication on EPN CB web site

A Notifications to station managers

% OBSERVED/EXPECTED OBSERVATIONS

'\R:J Aore »

BRUX00BEL - RINEX 2

ed/E

ed/Expected

Obsen

NUMBER OF MISSING EPOCHS
Read More »

Number of missing epochs
BRUX00BEL - RINEX 2

e D e
et

it
e o - - - - - -
. .

|,

Number of Missin

~~~~~~~~~~~~~~

Q(&servedlexpected observations (%)
BRUX00BEL - RINEX 3

Number of missing epochs
BRUX00BEL - RINEX 3
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https://epncb.oma.be/
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Origin of the RINEX data files B

OF BELGIUM

—
>
Regional data Regional data Workflows of the EUREF Permanent GNSS network 8
center 1 center 2 =
(RDC1) (RDC2) EUREF data flow based on the principle ofredundancy (no single point n

of failure)
GNSS stations send operationally their daily GNSS data to several data =
centers )
o
All data should end up at the two EUREF regional data centers (RDC) §

Local data
center But, no synchronization between data centers
) Local data

A No guarantee that regional data centers have the same data

& / center
4 % ¢ A hol di ngsé
‘4 e \
é / N é Historical data repository: 0 acemplete-aspossi bl ed a

of all GNSS data from EUREF stations by retrieving data from
the EUREF data centers

ﬁ (1file/day/station)
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Origin of the RINEX data files B

OF BELGIUM

Data repository populated gradually since 1996 with
A Operational data retrieved from the EUREF data centers

>
0
Z
n
)]

A To have complete archive: shopping around, scanning all the EUREF data centers
A Most recent data (re)downloaded from EUREF data centers
A BUT, info on which data center the data were downloaded from was not stored!

A Data directly provided by the station managers (15% of the data holdings)

Jeulgqapn

A RINEX header is changed to be consistent with station description (site log)
A BUT, info on original RINEX header is not stored

A Stored numerous flags indicating RINEX files that have a format issue

A BUT, flags require a cleanup to be consistent from 1996 to now + decision of which flags should block
publication of data file

%ZOZ ‘TT 418q0120
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Content of associated databases at the beginning of GAIBSE=%s

-
>
- : RINEXdependent information for each v
Description of each GNSS station o ,
P ® file in the repository (EPN CB) §
)
_ n
A Stlt(te_ Iog)or GeodesyML format (all A File name
stations
\ A RINEX format
A Site pictures (all stations) ‘, A A File s =
ile size )
A DOI, data license (almost no y A Date of ob i g
information available) ' Information ate or observations =
related to A Creation date of file
GNSS station RINEX files A Last update t £ fil
- : ast update time of file
Provided and maintained by the station”" """ g o
managers f A Data quality indicators

Computed and maintained by ROB

%ZOZ ‘TT 418q0120
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Download daily RINEX data from data reposito ez

OF BELGIUM

-
>
.d@w‘ §
o \6 (\,{\0(\5 (0))
RN TODAY 0
Yo . ane’
?.\\e(\
=
BRUXOOBEL WTZROODEU ACOROOESP g
02/2021-012/2021 001/2021-010/2021 005/2021-010/2021 =
RINEX data files RINEX data files RINEX data files

The additional available informationnet exploited!

LdO A& 2y | ¢6So6 aArAidsS waz2ySgKSNS QN
mW®w
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User feedback on GNSS data repository e
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OF BELGIUM

—
TRUSE&REEBIABYLIT -
’:4//5[- . 8
RINEX datd tiop,
«| gm not able to download t'he o in the HOWf,- - S co, i i
i d | am interesté rej; enty Rin, )]
our WebS’te an ” Ob/e J/O/-e ¢ E,\//?

fromy :\ns in a given country. e they, >, ey, €ade, %

data from all the station ye Patey ang coor, Yinay,

/78/70 es.
e ho

s w
2 5
=3
SEARCHING | /] .7 o
“Co, -

on EZ//P “vey % co
tations EFO'OZ‘O.P" o se,
om EUREF St0®%) Vice 4,
“ need da?e{ |rj ou-3 observatlons ) Oseq

prOViding

How can tite usage of the data

CONDITIONS-OEEUS

O
P)
—
o
o
®
-
=
=
N
o
N
—~N

DATACCITATION
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Download RINEX data =

OBSERVATOR
OF BELGIUM

Downloading daily RINEX data Downloading daily RINEX data 3

TODAY FUTURE z

%

BRUXOOBEL BRUXOOBEL n
02/2021- 12/2021 02/2021-12/2021

$ $

RINEX data files

=
Q)
Q.
S
L

RINEX data files
+

Sta.tlor‘rdepgndent Metadata should provide all info
information users need to know about
+ - downloaded data:
RINE)dependent how to find the data, data license, where do
: : the data come from, data quality metrics, data
information citation info

+ Search capabilities!
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Download RINEX data =

OBSERVATOF
OF BELGIUM

Downloading daily RINEX data Downloading daily RINEX data 3
TODAY FUTURE z
zZ
)]
RRLIXNOREI RRIIXNORFEI wn
0
u = [ = [ u E
Evolvettowards application’ of FAIR datanprinciples >
2
D
+ —
Sta.tiondepgndent Metadata should provide all info @)
information users need to know about gr
+ - downloaded data: =3
RINE)dependent how to find the data, data license, where do =
: : the data come from, data quality metrics, data =
Information Sz 1 =
N
_ o
N
NN

+ Search capabilities!
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Goal of this webinar - FAIR

¢ 2

X 6 dzi

N

GFr1S LI NIOAOALI yiIa GKNPRdJZAK
towards applying FAIR data principles

GAUK yv2 FTYOAUAZY al02 (1y26

K2LAY3 GKIF G 2dzNJ LINF OO A O ¢
to those of you trying to do the same

S
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Contents of the webinar o

OF BELGIUM

A Part 1- GNSS data and the data repository
A Part 2- Introduction to FAIR data principles
A Part 3- The journey so far: FAIR for GNSS data

A Where and how to start?

=
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Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data

Jeulgqapn

Restructuring the data repository

> >y D> D

Persistent identifiers for GNSS data
A API preparatory work

%ZOZ ‘TT 418q0120

A Part 4¢ Lessons learned and next steps
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Part2 - Intro to FAIRdata principles
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Outline

A FAIR data principles basics
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A Data stewards as a catalyst for FAIR implementation

Jeulgqapn

A FAIR as an investment for the future: European initiatiG@seTrustSead FAIR

%ZOZ ‘TT 418q0120
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Rationale for developing FAIR data principles

OBSERVATOF
OF BELGIUM

A Urgentneed to improve the infrastructure supporting the reuse of research data
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A Specific emphasis on enhancing #dality of machines to automatically find and
use the data in addition tosupporting its reuse by individuals

A The FAIR principles are a guidelioe&nhance the data reusability =
~_ PROVENANCE
A\ | /\

Serdosie

202 ‘TT 494010

Wilkinson, M.Dumontier M., Aalbersbergl.et al. The FAIR Guiding Principles for scientific data management and stewardsh ﬁT]N

Sci Daté3, 160018 (2016)https://doi.org/10.1038/sdata.2016.18 GHENT

UNIVERSITY


https://doi.org/10.1038/sdata.2016.18
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ROYAL

The ability of machines to automatically find e
and use the data

Machinereadability and actionabilitio allow for the scope,scaleand speedoften
neededin contemporaryscience

>
0
Z
n
)]

A identify the type of object (with respect to both structure and intent)
A RSOUSNYAYS AF AG A& dzaSTdzZ sAOGKAY i

Interrogating metadata and/or data elements

Jeulqapn

A determine Iif it is usable, with respect to license, consent, or other accessibility

or use constraints

A take appropriate action, in much the same manner that a human would

)
202 ‘TT 4990100
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-
FaR DATA TRINCIPLES :
ot — How DO You o G 8
1 'z;;:j OPEN A .X2Q FUE. M 3
AH! O,c':»olll |L;_,!| "‘lo t(,nr/a P} , D :
\ ioetan = a. 2
ootipl
=
9)
) =3
-}
L——# =
AccessIBLE il @
TINDABLE A \reop
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https://open-science-training-handbook.github.io/Open-Science-Training-Handbook_EN/
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FAIRNesS
degree to which FAIR principles are applied

AClLw LINAYOALX Sa LINRODARS o-dctioSablity I £ 2y 3
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A Adopting the FAIR principles, in whole or in part, leads the data along the continu

towards the optimal state

Jeulgapa

A Depends on the discipline and available tools to incréa&&ness
AD2FfY C!Lw 0@ RSaA3IY [h LI I YYAY

FAIRNness

low high

)
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FAIR data principles

Q

N

FINDABLE

@“g)

ACCESSIBLE

i)
%

i

INTEROPERABLE

%

REUSABLE

Persistent

identifiers (PIDs)

Metadata has
access level &
conditions

N
389

Metadata in
formal KR
language

o

JSON

Metadata
specifies data
content

Rich metadata
with core
elements

Q
=
[ e

Standard
communication
protocol

-
A

ALt
Q-

Vocabularies &
ontologies

i

Metadata
includes license

©

Metadata
includes PID

1D

Metadata is
always available

CO

Linked
metadata

it

<HS

~
v
lﬂiﬁ

<

Metadata
includes
provenance

UGent Data Stewards 8¥4.0

Machine
readable
metadata

000

|</>;="

(Meta)data
community
standards

(aNaNa
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Metadata describes the data

_

) >

Metadata: data about data, a machiaeadable and structured form of T

> documentation =

FINDABLE wn

= =

METADATA O

— -}

9 g — =
"~ oOCD

REUSABLE

Metadata
specifies data
content
o ~]

B

O
O
—
o
o
®
=
[N
L
N
o
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Metadata describes the data
>
Metadata fields or Metadata values é
FINDABLE elements Vocabularies, ontologies, ISO standards e
Title (AR AT
=2 Creator ORCID %
Description TARRRAEANRR A TR0 A =
~ Subject [T T =
~ Date 1ISOX
REUSABLE o |||||
Rights i
Related identifier TRAURAR AR (AR

o
)
—
o
(@3
)
-~
[
(o)
N
o
N
/\A)

GHENT
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Metadata describes the provenance of the data g

Metadata: data about data, a machineadable and I

AN . =

o structured form of documentation 5

Z

Ricximit;iata 8

=

D

() S

~ D
REUSABLE

Metadata
includes

provenance O
== S
(@

@

=

WHAT WHO WHY =

)]

o

N

N

WHERE  WHEN HOW GHENT
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Metadata standards: community standards to
Increase interoperabllity

>
Metadata fields or M 3
D etadata values Z
FINDABLE elements Vocabularies, ontologies, ISO standards 0
g e | Till MY
= eoatacie  Creator ORCID =
= eoaecie  Description JRARRRAUAAI ([T S
) eoacie  Subject (1T 1T .
= Goaace  Date ISGX
REUSABLE
— Goacie  FOrmat |||||
communiy couee  Rights AR
enoce Related identifier TN (11111
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Data standards to increase interoperability and ks
reusability
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>
0
Z
n
)]

Vocabularies &
ontologies

:# :

Q)

>

) )

R

REUSABLE

gy g

standards o

?

£33 1985 - 04- 05 =

1985- 04- 05 N

1985 - 04- 05 N
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Data standards to increase interoperability and — Jala
reusability

OBSERVATOF
g GPS GPS
satellites? receiver?
INTEROPERABLE
GPS

OF BELGIUM
NASA

EarthData
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(D

REUSABLE

(Meta)data
community

EARTH REMOTE SENSING

INSTRUMENTS>PASSIVE REMOTE

T SENSING>POSITIONING/NAVIGATION
>GPS>GPS RECEIVERS
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Metadata standards: examples —
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OF BELGIUM

Domainspecific standards

Domairragnostic standards Darwin Core, Data Documentation

FINDABLE

Rich metadata
with core
elements

o

[ =)
(=]

(D
"~
REUSABLE

(Meta)data
community
standards

(aYaNeo

DataCite Dublin CoreDCATetc.

> DataCite
(> DataCite
> DataCite
> DataCite
(> DataCite
> DataCite
(> DataCite

(> DataCite

Title
Creator
Description
Subject
Date
Format
Rights

Related identifier

Initiative (DDI), Ecological Metadata
Language, Persistent Identification of
Instruments (PIDINST), etc.

Title
Creator
Organism

Darwin Core

Darwin core  G€0logical Context
ZEEE AdggregationMethod
LEEE SamplingProcedure

B InstrumentType

25| Measuredvariable
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Data Catalog Vocabulary (DCAT)

W3C vocabulary to facilitate interoperability between data catalogs

5%
R

INTEROPERABLE

Vocabularies &
ontologies

(D
"~
REUSABLE

(Meta)data
community
standards

et

class DCAT Summary /

deatiRelationship

proviwasGeneratedy
‘deat:Resource

deat:keywerd
deat:landingPage
dcat:qualifizdRelation
dcat:theme

deat:contactPoint
deatkeyword
o deatlandingPage
shoss
deatitheme
detipublisher detconformsTo
deat:CatalogRecord detereator
R D deridentifiar
det description
Sendmsens 4 |scriskeferencaasy
foafiprimaryTopic —=»] dcrissued
derlanguage
dettite S
deat:Catalog detlicense
foafprimaryTopic
= = 7] decmodified
caticatalog 1.7 dctpublisher
deatidataset detrelation
deatirecord seatecord detirights
destiservice catrecor dettitle
SestithemeTaxonomy dertyps
setnssear: odri:hasPolicy
fosf:homepage provqualifiedateribution
art
deztdistribution
deattemporalResolution
detaccrualPeriodicity deat:dataset
detspatial
dettemporal deatcatalog deatDataset

dcat:hadRols
detrelation

fe&=——dctrelation

dcatdistribution

deraccrusiP
detspatial
dettemporal

dicity

det:eonformsTo
det:ereator
detdescription
detidentifier
detisReferencedsy
detissued
detlansusgs
detlicense
de:modified
detpublisher
detriation
detrights
detitle

dettype
odrl:hasPolicy

deatdistribution

jcat:Resource
deaticontactPaint
deatkeyword
deatilandingPage
deatqualifiedRelation
dcatthame
dcr-accassRights

o

2

der:creator

deataccessservice
deat:accessURL
deatbytesize

detidentifier
detiisReferencedBy
detiissued

deatzpackagaFormat
deat:spatizlResolutioninheters
deat:tamporalResolution
dctaccessRights
dctconformsTo

dct:description

detformat

detissued

detlicense

detmodified

detorights.

detititle

odrl:hasPalicy

detlicense
dctmodified
derpublishar
deeralation

detrights

dertitle

dettype

odrl:hasPalicy
prov:qualifiedatribution

deat:servesDataset:

dearservesDataset
“dcarResource
deat:contactPoint
deatkeyword
deatlandingPage
deat:qualifiedRelation

dentifiar
sReferenceday
ssued

derlanguage

detlicense

detmeodified
detipublisher
detrelation

dctrights

dertitle

dertype

odri:hasPolicy
prov:qualifiedAttribution

o.*

https://www.w3.0rg/TR/vocabdcat-2/
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https://www.w3.org/TR/vocab-dcat-2/
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DCAT Application Profile (DGT)

ROYAL
OBSERVATOR

to develop a suitable metadata schema

A Application profile = a set of metadata elements, policies and guidelines defined for

=
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Z
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a particular application

AInclude relevant metadata elements, exclude others

Jeulgqapn

A Combine metadata elements from multiple vocabularies

A Extend existing vocabularies or application profiles with dorsaiecific metadata

elements

A Define mandatory, recommended and optional metadata elements

%ZOZ ‘TT 418q0120
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https://joinup.ec.europa.eu/collection/semantic-interoperability-community-semic/solution/dcat-application-profile-data-portals-europe/release/211

*

% % %k Kk
. * % % &
EXxposing (meta)data e
A How/where can the (meta)data be accessed? -
. A T
A How can data be transmitted€ommunication protocol (e.g. https, ftp) z
A How can the (meta)data be readtandard (meta)data formats, AP Z
ﬂ A Who can access the data®uthentication and authorization + access levEls
= metadata
5
S =)
ACCESSIBLE §
ai:;z vee}
X9

Standard
communication
protocol

oo

O
O
—
o
o
®
=
[N
L
N
o
N
—~N

Example of machine access: RB8T service with
JSON response
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EXxposing metadata

OBSERVATOF
OF BELGIUM

Metadata is offered in such a way that it can be retrieved by machines,
Anorste - |.e. exposed or provided in a standard and machesdable format.

>
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Machine
readable
metadata

] A Metadata harvesting protocols (e.g., via €IH)

A Web services

Jeulgqapn

S
accessee A Embedded as structured data on a data page for use by web search engines

communiatin A Linked (open) data

protocol
o
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OpenAlRguidelines on access levels
OBSERVATOF
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4.1. DC Field
dc:rights E
A
4.2. Usage =
&
@ Mandatory ?
ACCESSIBLE
wetadata pas 4 3. Usage Instruction <
coons Use terms from the info:eu-repo-Access-Terms vocabulary . The values are: %
8@ S

® info:eu-repo/semantics/closedAccess
® info:eu-repo/semantics/embargoedAccess

® info:eu-repo/semantics/restrictedAccess

® info:eu-repo/semantics/openAccess sz
(@]

o

@

4.4. Example A
j_a

N

1 <dc:rights>info:eu-repo/semantics/openAccess</dc:rights> EB
/\A)

https://quidelines.openaire.eu/en/latest/literature/field accesslevel.html
https://wiki.surfnet.nl/display/standards/infeeu-repo/#infoeurepeAccessRights

GHENT
UNIVERSITY



https://guidelines.openaire.eu/en/latest/literature/field_accesslevel.html
https://wiki.surfnet.nl/display/standards/info-eu-repo/#infoeurepo-AccessRights
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Globally unique and persistent identifiers iiid
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. |Identifier Globally unique identifier (guid, uuid) | Persistent identifier (PID) T
What a name that identifies a ensures that there are no two identical ensures that the digital object will remain §
unique object identifiers that point to different digital findable over time and reduces the risk of wn
gene identifier ENSGO0000139618 ObjECtS broken links n

book identifier ISBN 817525766-0 12364567-e89b-1203-3456-426614174000

How can be (arbitrarily) assigned by using a mechanism (e.g. using a registry is determined by the commitment of the %
by anyone service) for assigning identifiers organisation that assigns and manages the %
identifier Y

Examples of globally unique, persistent identifiers

vV V
®
|dentifier: d R
A A
. . _ vVY
Organlsatlon b DataC|te Connecting Research and Researchers MA “
Scope: Digital objects Researchers Researclorganisations GHENT

UNIVERSITY


https://www.doi.org/
https://datacite.org/
https://orcid.org/
https://ror.org/

Digital Object Identifier (DOI)

9 9

https://www.myserver.be/data/mydata.csv https://www.myNEWserver.be/data/mydata.csv

FINDABLE
Persistent
identifiers ®
(PIDs)

https://doi.org/10.1594/PANGAEA.928079

(> DataCite
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License as metadata to indicate how data can be gxan

OBSERVATOFR
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re_u Sed Permissions Conditions
4 4

-
>
A Licenses are a means fowvners of rightgin datasets) tgyrant ) @ g
permission(s) @@ 0
O A Define what can and cannot be done with data in a clear way —~ B
reusasie A Licenses araot automaticallyassigned m@m @@@

vetadata A No license = no reise possible =
includes . @@@
license ‘D !

© A Creative Commons Licenses grpatmissionsinder certain @@@@

=
0
o.
S
L

conditions:
A Attribution (BYY give proper credit to the original creator @G)@
A Copyleft (Share Alike)icense the new (derived) creations und: @@@@
the identical terms (same license). - Al
A Non-commerciality. to prevent the new (derived) work to be @‘E
commercially exploited. resened |
A Non-derivatives no adaptations can be made.
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Metadata In repositories

A Repositories: infrastructure to allow us to
share & find data

A Provideservices to create & manage
metadata

A Typically, by filling a form with
A Predefined fields
A Lists of controlled terms to choose frc
(e.g. standard licenses)

A Metadata adheres to a specific metadata
standard (interoperability)

Metadata record only

Title

Untitled ltem

Authors

Categories

to upload, drag file(s) on the page or browse

[ Select categories

Item type

Select item type

Keyword(s)

Description

Link file

Tips

Use this form to edit all
information related to your
data. Please be as descriptive
as possible. The Tile upload is
independent from the rest of
the form, so you don't need to
save an upload. This message
will be replaced with helpful
tips and suggestions as you

begin interacting with the form.

Preview item (private)

Edit timeline

Last edited on 08 Dec 2021 -
1327
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Metadata schema in a landing page of a reposito

HTML

<!--BEGIN: Dublin Core description-->

<link
«link
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta
<meta

rel="schema.DC" href="http://purl.org/dc/elements/1.1/" |
rel="schema.DCTERMS" href="http://purl.org/dc/terms/" />
.title" content="EPMA data from tephra layer in IODP 374 Ewpedition Site U1524" />

name=""0DC

name="DC.
name="DC.
name="DC.
name="DC.
name="DC.
name="DC.
name="DC.
name="DC.
name="DC.
name="DC.
name="DC.
name="DC.
name="DC.
name=""DC

name=""DC

name="DC.

creator”
creator”
creator”
creator”
creator”
creator”
creator”
creator”
creator”
creator”
creator”
creator”

cublisher"”
.date” content="2821-87-85"
Ltype" content="Dataset" />
language" content="en" scheme="DCTERMS.RFC3@68" />

name="DCTERMS.license™ scheme="DCTERMS.URI"™ content="https://creativecommons.org/licenses/by/4.8/" />

content="Di Roberto, Alessia™ />
content="5cateni, Bianca" /»
content="Di Wincenzo, Gianfranco" />
content="Petrelli, Maurizio" />
content="Fisauli, G" />
content="Barker, 5 1" />
content="Del Carlo, Pacla" />
content="Colleoni, Florence" />
content="Kulhanek, D K" />
content="McKay, Robert M" />
content="de Santis, Laura" />

STRUCTURED

DATA .
Image SourcéNordlift

content="The IODP Expedition 374 Scientific Party™ />

content="PANGAEA" />

scheme="DCTERMS.W3CDTF"

name="DC. identifier" content="https://doi.crg/18.1594/PANGAEA.333364" scheme="DCTERMS.URI™ />
name="DC.rights" scheme="DCTERMS.URI" content="info:eu-repo/semantics/openfccess™ />

name="DC.format" content="application/zip, 2 datasets" />
name="DC.relation” content="Di Roberto, Ales=sio; Scateni,

<!--END: Dublin Core description-->

Bianca;

0i VWincenzo, Gianfranco; Petrelli, Maurizio;
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https://wordlift.io/blog/en/entity/structured-data/
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Data steward support IRAIRIficatioprocess =

OF BELGIUM

>

Explore z

%

Understand the FAIR Develop expertise and skills or Engage with community to m
terminology involve skilled people Sg2t @S 2 | GNBI

>

Understand current gaps in SetFAIRnesgoals to reach impact Be pragmatic, implement what g

data management on reusability you can now, extend later =

Which data is in scope? Explore existing repositories, Technical implementation is not o

standards and terminology in the easy! Involve experts or use 3

Which users and use cases are field technology that is known 3

in scope? =

Keep an eye on the evolution of %

—N

certification and/or

interoperability requirements GHENT
UNIVERSITY
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Trusted, FAHenabling and certified data repositorie fe e

OF BELGIUM

A TRUST principles set of guiding principles to demonstrate digital repository
trustworthiness

>
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Z
n
)]

A TransparencyResponsibilityUser focusSustainability andTechnology

A FAIR metricsFAIR assessment of Research Data Objects
A e.g.FAIRsFAIRetrics

Jeulgqapn

A Certification
A e.gCore Trust Seal certification

A Trusted or trustworthy repositories

CORE

san/ G FAIRSFAIR 7o} F-UJI

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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https://doi.org/10.1038/s41597-020-0486-7
https://doi.org/10.5281/zenodo.6461229
https://doi.org/10.5281/zenodo.7051012
https://www.f-uji.net/
https://www.coretrustseal.org/
https://www.fairsfair.eu/
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Data portal for access to distributed data —

OBSERVATOF
OF BELGIUM

----------------------------------------------------------

! —— \ T1

i — @ﬁﬁ) v i * (One-stop shop to query multiple, diverse data sources >

, N\ . R 3

N e e @ i increasing visibility and re-use of data 9

E ‘ i  Uniform and stable data access 8
'\\ c— c— ,," * Increased interoperability between datasets

=

a" a” a” a" -

[a] [&] ] [a] 5

—_— —_— =" === S

Distributed efforts for data import and curation
Local, regional or data type specificities possible,
avoiding one-fits-all compromises

Data standardization and interoperability enabled
by domain experts

g (((
([
o B 00
"N ([

O
O
—
o
o
®
-
=
L
N
o
N
—~N

Distributed investment and operating cost
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Contents of the webinar
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OF BELGIUM

A PART 1 GNSS data and the data repository
A PART 2 Introduction to FAIR data principles
A PART 3 The journey so far: FAIR for GNSS data

A Where and how to start?
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Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data

Restructuring the data repository

> >y D> D

Persistent identifiers for GNSS data
A API preparatory work

%ZOZ ‘TT 418q0120

A PART £ Lessons learned and next steps
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PART3 - The journey so far: FAIR for GNSS data
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Contents of the webinar =T
A Part 1- GNSS data and the data repository
A Part 2- Introduction to FAIR data principles
A Part 3- The journey so far: FAIR for GNSS data

A Where and how to start?

=
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Z
n
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Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data

Jeulgqapn

Restructuring the data repository

> >y D> D

Persistent identifiers for GNSS data
A API preparatory work
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Apossiblgourney towards FAIR:

ROYAL

where and how to start? =

1
M 7
= FAIR 8
s’ Z
)
7
/\\’ With the help of the data stewards
at University of Ghent %
we started to understand: S
N =
WE
S

A what FAIR principles are about

A related key concepts and terminology
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Apossiblgourney towards FAIR:
h d h ’) OBSERVATOF
wnere an ow to start” OF BELGIUN
Start by looking at plenty of
M C!lLw AYLX SYSyidlGAazy AN
>
-I FAIR Turning F/}‘R §
GoFAR into reality 7
i,
/\‘\’ '?Sbar,n .
eRsFR® z
D
(Data AI‘CI;\)?VS
€twor d Ving anqg
SerViCes)

Xodzi | LILX AOFGA2y & RSL
of data, so how do we tackle the problem

for our type of data? GHENT
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Where we started e
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Wy
N P 4

= FAIR
L 4

We identified some of the most relevant initiatives,
includingthose within the earth scienceand geodetic

communityX /\‘\’

A 9! Tuming FAIR into realty o H n TRUST 9 a
principles for digital repositories O H N1 H N1 0
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A &Perspectives on the Implementation of FAIR
Principles in Solid Earth Research

i

s

Infrastructuret Bailoet al. (2020) -
y

Jeulgqapn

A oFrom Conceptualization to Implementation:
FAIR Assessment of Research Data Objects
Devarajuet al. (2021)

/
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A 0Ensuring Access to Precise Positioning by
Improving Geodetic StandadBrontierSI RENT
report (2019) UNIVERSITY



https://op.europa.eu/en/publication-detail/-/publication/7769a148-f1f6-11e8-9982-01aa75ed71a1/language-en/format-PDF/source-80611283
https://www.nature.com/articles/s41597-020-0486-7?sf233968847=1
https://doi.org/10.3389/feart.2020.00003
http://doi.org/10.5334/dsj-2021-004
https://frontiersi.com.au/geodetic-data-interchange-standards/
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How we started
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We identified some of the most relevant initiatives, X @ $xtracted some useful and inspirational
includingthose within the earth scienceand geodetic approaches:
communityX
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Dittaas FAIRdata obj ects and ata, re¢p03|tory

ehsipa &f éhﬁ;: £€Co system and rrtn)o{nrig

owar beco ming a trus'?worthy data

A dt SNEALISOGAGSA 2y GKS| LYLI §990§'§?ri¥|- GAzy 2F C!Lw
Principles in Solid Earth Research

Ly T NI & BhilbeCal (2028) ¢

A 9! Ge¢dNYyAY3 ClLw AyiR NBF
LINAY OALX S&a F2NJ RAIAGKFE N

Jeulgqapn

Work plan focus on:

) A data & metadatpA

/12 %Ydhtléa%%s%yu' u)\2yY
a S NOK A5ghidl fisual8tigrePibduéts

A GCNBY [/ 2yO0OSLIidz £t AT 0
ClLw ! 3aSaavyYSyid 27 w
Devarajuet al. (2021)
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report (2019) UNIVERSITY




*

Download GNSS data e
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Downloading daily RINEX data Downloading daily RINEX data AL
TODAY FUTURE z
%
BRUXOOBEL BRUXOOBEL n
02/2021-12/2021 02/2021-12/2021
. ‘ =
D
o
-}
RINEX data files _ 2
RINEX data files
+
Stationdependent Metadata should provide all info
'”for”:at'on users need to know about
B downloaded data:
RINI?)depgndent data license, where do the data come from,
Information ] data quality metrics, data citation info

+ Search capabilities!
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ROYAL

to a practical approach for GNSS data B

Downloading daily RINEX data Downloading daily RINEX data L
TODAY FUTURE z
%
BRUXOOBEL BRUXOOBEL n
02/2021-12/2021 02/2021-12/2021
‘ ‘ - GNSS data @AIR Data Object: =
lj::::::::::::::::;j\ %
RINEX data files : I I A Rich metadata including link to site log, =
;| _ I license, provenance info, data quality
| : RINEX data files : : YSONROAS X
! * ! O
: ' Stationdependent o : : : s
Focus first on GNSS data 1 ) ) I < A Citable GNSS data via PID i.e. DOI o
%‘ : information L > S
& metadata 1 | o = @
: : RINElependent : | A GNSS data are searchable and accessi |':
» information | : and reusable by both humans and mac N
: | 1
| |

GHENT
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FAIRGNSS approach and FAIR
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GNSS data Persistent Rich metadata Metadata Machine
. identifiers with core includes PID readable
asFAIR Data ObJeCt (PIDs) elements m_¢ metadata
B ———————--=T=T-TT==T- ) m o 1% T
r 1] (— = S >
— =) —
| L FINDABLE = L= 8
I |
| i | Z
I RINEX data files I : Metadata has Standard n
I + I @ access level & communication wn
. diti tocol
| Stationdependent I g) Coons p o
' information L X @
' I > ACCESSIBLE 20 @ o5
| + I %
I RINEXependent L Vocabularios & =)
| . . | ocabularies
I information I : ) ontologies 8
! I Qe
I |
L e e e e . PID/DOI! ! INTEROPERABLE
— APl mm oo )
Metadata Metadata Metadata (Meta)data
specifies data includes license includes community
(. \ content provenance standards
L

©

Each stage of our approach brings us closer to being FAIR compliant

REUSABLE

O
O
—
o
o
®
=
[N
L
N
o
N
—~N
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FAIRGNSS approach: Rahakuhd

ROYAL
OBSERVATOR

Work plan OF BELGIUM

Assess where we stand with .
respect to FAIR principles Gapanalysis

‘ Identified -

what info is missing

SSNOYIVH

Retrieve missing info & |dentify relevant metadata &
restructure databases accordingly “ suitable metadata schema(s

Jeulgapa

Assign DOI to data, identify Machineoperable access to
relevant info to include in the DAI DOI for GNSS datg API for HDC GNSS data &metadata for
metadata searching/downloading

Data portal

%ZOZ ‘TT 418q0120

Build on top of GNSS FDO objects to provide data access (to
both humans and machines) to the HDC repository, with

increased interoperability, visibility and potential reuse ONIVERSITY
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FAIRGNSS approach to FAIR data implementatio g
Summary

OBSERVATOF
OF BELGIUM

We identified a methodology:
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A Turn GNSS data into FAIR Data Object:
A GGl OK NAOK YSUGFRFGF OLINRPOSYlIYyOS AyF23s fA0SyasSs f
A make them citable by attaching PID i.e. DOI

A make them searchable/accessible/reusable to both humans machines

Jeulgqapn

A Focus first on data & metadata, then on data access
A GNSS data repository as part of the FAIR ecosystem: trustworthy &fa&bRng repository

AX t1adgx odzi vy 2 FAIRMedatimulNplebtdgéasSaa t SOSt 2 F

Coming up next:
How do we standv.r.t. FAIR data principles?

FAIR assessment of our data a.k.a. a gap analysis CHENT

UNIVERSITY
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Contents of the webinar o

OF BELGIUM

A PART % Introduction to FAIR data principles
A PART 2 The journey so far: FAIR for GNSS data

A Where and how to start?
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Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data

Jeulgqapn

A
A
A Restructuring the data repository
A

Persistent identifiers for GNSS data
A API preparatory work

A PART Z Lessons learned and next steps
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Gap analysis aka FAIR assessment

FAIR as a scale;:
where do we stand?

Wiy
N &
= FAIR
P 4

plenty of FAIR assessment tools

‘o
caRsFRR et
- '°4/,9
oo‘gé\ ’73,, e
& ?é')
L Q

X

\\)a{\o“

NG

QP\?‘ ces\o\‘ (S
4§\ 0%9 FUJI by

(’P\\Q\S\\ FAIRSFAIR
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Seltassess awareness with respect to FAIR:

the FAIR Aware questionnaire

FAIR questions @®

FINDABLE

1. Are you aware thata data(set) should be assigned a globally unigue
persistent and restlvable identifier when deposited with a data

repository?

2. Are you aware that when you deposit a data(set) in a data repository,
you will need to provide discovery metadata in order to make the

data(set) findable, undexstandable and reusable to others?

3. Are you aware that the dats repository providing access to your
data(set) should make the metadata describing your data(set) available

in a format readable by machines as well as humans?

ACCESSIBLE

4. Are you aware that access to your data(set) may need to be
controlled and that metadata should include licence formation under

which the data(set) can be reused?

5. Are you aware that metadata should remain available ovel
if the data(set) is no longer accessible?

Nlﬁyou are tad Enjhea gned Iob
e per and res dep th-'E

data reposnory?

What does this mean?

A persistent identifier is a long-lasting reference to a resource. The data(set) you
deposit in a data repository should be assigned a globally unique, persistent and
resolvable identifier (PID) so that both humans and machines can find it. Persistent
identifiers are maintained and governed so that they remain stable and direct the users to
the same relevant object consistently over time. Examples of PIDs include Digital Object
ldentifier (DONE", Handle[#", and Archival Resource Key (ARK)A'

Why is this important?

If your data(set) or metadata does not have a PID, you run the risk of "link rot" (also
known as “link death”). When your data(set) or metadata is moved, updated to a new
version, or deleted, older hyperlinks will no longer refer to an active page. Without a PID,
others will not be able to find or reuse your data(set) or metadata in the long-term.

How to do this?

When you upload your data(set) or metadata to a data repository, the data repository (or
other service providers) usually assigns a PID. Repositories ensure that the identifier
continues to point to the same data or metadata, according to access terms and
conditions you specified.

There are many different types of PIDs, each with their own advantages, disadvantages,
and disciplines they are typically used in. Generally speaking, the data repository will have
thought about these aspects before deciding which PID type to use. In case you have fo
choose the PID type yourself, you can visit the Knowledge Hub[#" on the PID Forum for
guidance. Some disciplines or organisations also provide tools to help you make this
choice, see for example this Persistent ldentifier Guide[#" for cultural heritage
researchers. Once you have chosen a PID type, you can search for data repositories
providing that specific PID in registries such as Re3data(4' or FAIRsharing (see related
databases) [

Not all data you produce during your research will need a PID. In general, those that
underpin published findings or have longer term value are worth assigning a PID. If in
doubt about which data should be allocated a PID, speak to your local research data
management support team or the data repository.

Want to know more?

2 X
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https://fairaware.dans.knaw.nl/

Seltassess awareness with respect to FAIR:
the FAIR Aware guestionnaire

OBSERVATOF
OF BELGIUM

v

A~ ~ R4 ~ ~ Ll o ~ .I. o 7 ~ ~ .,. ~ ~ ﬂ
2S5 3S0G 42YS Y2NB AY RSLINKRKRAYSF2XSG az2vys 5
Data Archiving and Netwarked Services Z
FAIR questions @@ (I'. FAIR ri A N S ok
https://fairaware.dans.knaw.nl/
FINDABLE
1. Are you aware that a data(set) should be assigned a globally unigue O Yes Thank you for your participation!
persistent and resolvable identifier when deposited with a data O No
repository? E
Q)
2. Are you aware that when you deposit a data(set) in a data repository, O Yes . C_T
you will need to provide discovery metadata in order to make the O Mo F H I R A\Na reness. >
data(set) findable, understandable and reusable to others? . Q
High (10/10) =
3. Are you aware that the data repository providing access to your () Yes
data(set) should make the metadata describing your data(set) available ) No
in a format readable by machines as well as humans? Wllllng ness tO com ply
' O
ACCESSIBLE H Igh (46/50) 8
(@3
4. Are you aware that access to your data(set) may need to be O Yes ()
controlled and that metadata should include licence information under O No If you would like to view a summary of your responses, click here =
which the data(set) can be reused? ':
5. Are you aware that metadata should remain available over time, even O Yes Summary Of your reSponseS. N
if the data(set) is no longer accessible? () No o
About you © N
Which research domain do you Domain~ Geophysics and Geodesy |||||||
work in? —

—
UNIVERSITY



https://fairaware.dans.knaw.nl/
https://fairaware.dans.knaw.nl/

Selff aaSaa

Q@ FAIR

https://fairaware.dans.knaw.nl/

FAIR

Thank you for your participation!

Awareness:
High (10/10)

and Netwarked Services

Willingness to comply:

High (46/50)

If you would like to view a summary of your responses, click here

Summary of your responses:

About you ©

Which research domain do you
work in?

Domain - Geophysics and Geodesy

GO2YLX Al yOSE
the FAIR Aware guestionnaire

| INTEROPERABLE h
6. themetadatadescribing your
datasetsshould use semantic
vocabularies

R REUSABLE

8. metadatadescribing your data
should followthe specifications of
a communityendorsed standard

7. provenance informatiorabout
the collection and/or generation of
datashould bencluded in the
metadata

10. maintaining your dataset FAIR
over timerequires professional

>

data curation and preservation J

..and we can already
identify some first issues |
2dzNJ RFEGF ¢4

A lack of community
agreed metadata
standards

A lack of provenance
information

A need for richer
metadata
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Checklist to FAIR assess data In repositories gy

ROYAL

the FAIRsFAIRetrics e
(X9 FAIRSFAIR metrics:

A a manual checklist
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A assess the level of FAIRne$sesearch data objects in trustworthy data repositories

A is a set of 15 criteria based on:
A @Turning FAIR intorealty NBEO2 YYSYRIF GA 2y a

Jeulgqapn

A Feedback from >30 stakeholders, including data providers and scientific communities

m 3 FAIR Data Maturity Model Specification and Guidelines Recommendation of the

RESEARCH DATA ALLIANCE

FAIR Data Maturity Model WG
CORE

A Work on FAIR certification of repositoriegigned with CoreTrustSeal requiremen: TRUST/

/
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oErom Conceptualization to Implementation: FAIR Assessment of Research Data Objenigjuet al. (2021)



http://doi.org/10.5334/dsj-2021-004
https://www.rd-alliance.org/groups/fair-data-maturity-model-wg

Checklist to FAIR assess data In repositories

the FAIRsFAIRetrics

(XY FAIRSFAIR metrics:

A
A
A

a manual checklist

assess the level of FAIRne$sesearch data objects in trustworthy data repositories

is a set of 15 criteria based on:
A @Turning FA o - e A

v

~ ~ N
7~~~ N AW AN 5 = T ol o W | LA L3

~ _r v

RDA FAIR data maturity model

CoreTrustSeal Alignment

) FAIRSFAIR object metric
A Feedback f[—————

Data is assigned a globally
z @ } unique identifier.
A

RESEARCH DATA ALLIANCE

RDA-F1-02D
Data is identified by a globally
unique identifier

FAIR Data | rsr-r1-02p
Data is assigned a persistent

A Work on F£ | identifer.

RDA-F1-01D

Data is identified by a persistent
identifier

RDA-A1-03D

Data identifier resolves to a
digital object

R13. The repository enables
users to discover the data and
refer to them in a persistent
way through proper citation
R13. The repository enables
users to discover the data and
refer to them in a persistent
way through proper citation

oErom Conceptualization to Implementation: FAIR Assessment of Research Data Objenigjuet al. (2021)
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http://doi.org/10.5334/dsj-2021-004
https://www.rd-alliance.org/groups/fair-data-maturity-model-wg

FAIRsFAIRetrics
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REUSABLE

FsFF1-01D & 02D

Persistent

identifiers (PIDs)

FSFA1-01M

Metadata has
access level &
conditions

FsFI11-01M

Metadata in
formal KR
language

1)

JSON

FsFR1-01MD

Metadata
specifies data
content

FsFF2-01M

Rich metadata
with core
elements

(=
—
[ e

FsFA1-02M & 03D

Standard
communication
protocol

-
A

L)
g
FsFI1-02M

Vocabularies &
ontologies

0

FsFR1.1-01M

Metadata
includes license

®

and FAIR data principles

FsFF3-01M

Metadata
includes PID

1D

FsFA2-01M

Metadata is
always available

CO

FsFI13-01M

Linked
metadata

s

HS

~.
opo

/>

FsFR1.2-01M

Metadata
includes
provenance

FsFF4-01M

Machine
readable
metadata

|</>‘;,="

FsFR1.3-01M & 02D

(Meta)data
community
standards

oQCo

Criteria naming convention:

FSF-F2-01M

FAIRsFAIR FAIR principle  Localid o5 iree to be

evaluated
(Data or Metadata)

Correspondence
with
CORE
SEAL
certification requirements
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ApplyFAIRsFAIRetrics to GNSS data: bk
data inventory of the GNSS data stored in the HC
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What kind of information about our data do we store?

Where does it come from? From a file?

Where is it stored? In which database?

Jeulgqapn

How reliable is this information? n n
@xD

Could we extract additional relevant information about our data?

Do Do o o Do Do

)
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ApplyFAIRsFAIRetrics to GNSS data:
data inventory of the GNSS data stored in the HC

availabilit J
. . . : DB columns DB columns ; Y >
inventory attribute description inventory value source in the HDC =
names values data type .
repository
title name given to the resource RINEX file name RINEX file filename varchar(60) available
char(2) %
) . ) - 2: RINEX 2 .
file type RINEX version RINEX file rinex_format 3: RINEX 3 long name available wn
3S: RINEX 3 short name
file type- versions file format- version RINEX file rinex_version varchar(5) available
file size DB filesize int available
checksum_md5 char(32) . é
md5/shal checksum DB (for some) checksum_shal char(40) in progress )
identifier A_n gnaml:_nguous reference to the resourq permanent ID, landing pac - - - in progress g
within a given context. >
T Link to (storage/download location of) the . . . Q
distribution data file (hourly/daily RINEX file) FTP link retrievable from DB url varchar(200) available =
rate at which something recurs Type of . ) . .
frequency RINEX (daily or hourly) only daily data RINEX file (nominal)/DI - available
. . ] nominal
sampling rate Typ!cally 30 sec/Hz for the daily observat 30 sec by default RINEX file/DB available, real
but it can be 1 sec or 15 sec. .
in progress
smallint foreseen O
version Changes to the file(s) DB fileversion incremented at each update ¢ . ,Q,_
) in the future
the file o
. data owner in site log (S1: 3 i i . (@n
creator Creator: data owner (ROR ID if available) MG available Q
contributor A secondary contributor: point of contact point of C?gtf‘f)t in site log M3G - - available [N
publisher Publisher ROB - - - available -!A
varchar(30) N
Type changed in Header o
RINEX_VERSION N
RINEX_TYPE I\

MARKER_NAME
MARKER_NUMBER
RECEIVER_SN
RECEIVER_TYPE

RECEIVER_VERS

GHENT
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ApplyFAIRsFAIRetrics to GNSS data:

data inventory of the GNSS data stored in the HC

inventory attribute

title

file type

file type- versions
file size

md5/shal checksum
identifier

distribution

frequency

sampling rate

version

creator

contributor

publisher

i . DB columns
descrlptlon Inventory value source
names
name given to the resource RINEX file name RINEX file filename
RINEX version RINEX file rinex_format

file format

A Essential task, but very time consuming!

An unamk
within a gi
Link to (st
data file (t
rate at wh
RINEX (d¢

A Effort from the whole team: trace all source
of information

Typically ¢
but it can |

Changes 1

Creator: d

=

point of contact in site log
(S11)

Publisher ROB - -

A secondary contributor: point of contact

DB columns
values data type
varchar(60)

char(2)
2: RINEX 2

3: RINEX 3 long name
3S: RINEX 3 short name

varchar(5)
int

char(32)
char(40)

varchar(200)

smallint

the file

varchar(30)

Type changed in Header

RINEX_VERSION
RINEX_TYPE
MARKER_NAME
MARKER_NUMBER
RECEIVER_SN
RECEIVER_TYPE
RECEIVER_VERS

mented at each update «

availability

in the HDC

repository
available

available

available

available
in progress
in progress

available

available

nominal
available, real
in progress

foreseen
in the future

available

available

available
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ApplyFAIRsFAIRetrics to the HDC GNSS data
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elements
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Vocabularies &
ontologies
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FsFR1.1-01M

Metadata
includes license

®

FsFF3-01M

Metadata
includes PID
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FsFA2-01M

Metadata is
always available

O

FsFI13-01M

Linked
metadata

FsFR1.2-01M

Metadata
includes
provenance

FsFF4-01M

Machine
readable
metadata

200

|</>;é

FsFR1.3-01M & 02D

(Meta)data
community
standards
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ApplyFAIRsFAIRetrics to the HDC GNSS data:

Metric

Identifier Name

FsFF1-01D

FsFF1-02D

Datais
assigned a
globally
unique
identifier.

Datais
assigned a
persistent
identifier.

an example

Assessment

Requirement(s) Method(s)

a) Data identifier (IRl, Check if the identifier is specified base
URL) on a globally unique identifier scheme.
b) List of globally

unique identifier

schemes

a) Data identifier (IRl, Check if the data identifier specified is

URL) based on a commonly accepted persist
b) Landing page of the identifier scheme, and it resolves to a
identifier landing page with metadata containing

c) List of commonly  further information on how to access th

accepted persistent  data object. Note that this assessment

identifiers for data method follows the current best practic
to have a PID resolve to a landing page
instead of its actual content.

Requirements
fulfillment

Yes

No

Fulfilment

Description

GNSS RINEX 3 data has a unique namini
convention that is also accepted by the
GNSS community. The RINEX 3 file name
unique identifier for GNSS data. Dependir
on the Data repository evenjnexdata has
a URI. Schema for the daily data: <data
repository>/<year>/doy>/<conventional
rinexname>.Z

Data has a URI identifier, but it dos not
resolve to a landing page
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FAIRsFAIRetrics to the HDC GNSS data:
first results overview

Not adopted

Partially adopted N

Adopted FINDABLE

N
ACCESSIBLE

i)
%
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INTEROPERABLE
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REUSABLE
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identifiers (PIDs)

FsFA1-01M

Metadata has
access level &
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FsFI11-01M

Metadata in
formal KR
language

1)

JSON

FsFR1-01MD

Metadata
specifies data
content

FsFF2-01M
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with core
elements
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FsFA1-02M & 03D

Standard
communication
protocol
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A

N\
-0-

FsFI11-02M
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o

FsFR1.1-01M

Metadata
includes license

®

FSFF3-01M

Metadata
includes PID

1D

FsFA2-01M

Metadata is

always available

O

FsFI3-01M

Linked
metadata

it

<> S

g@

</

FsFR1.2-01M

Metadata
includes
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FsFF4-01M

Machine
readable
metadata
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FAIRsFAIRetrics to the HDC GNSS data:
first results overview

FsFF1-01D & 02D FsFF2-01M FSFF3-01M FsFF4-01M

Not adopted Persistent Rich metadata Metadata Machine

identifiers (PIDs) with core includes PID readable
elements metadata
A\

1D
D = S T

Partially adopted

Adopted FINDABLE

FsFA1-01M FsFA1-02M & 03D FsFA2-01M

A FAIRsFAIRnetrics allows to monitor progress

toward FAIR throughout the project

/,{c'?}) formal KR ontologies metadata
3 language
>
{:P — N
INTEROPERABLE JSON D E
FsFR1-01MD FsFR1.1-01M FsFR1.2-01M FsFR1.3-01M & 02D
Metadata Metadata Metadata (Meta)data
specifies data includes license includes community
(. \ content provenance standards

- ® =
EE. &
REUSABLE (afala
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Gap analysis: where do we stand wrt FAIR? %

ROYAL
OBSERVATOF
UI I II I lary OF BELGIUM

We identified the main issues to be addressed to move towards FAIR:

A Selfassessed awareness wrt FAIR via the FAIR Aware questionnaire

A Applied theFAIRsFAIRetrics to our GNSS data:
A Performed a complete data inventory of the HDC repository as a preliminary step

>
0
Z
n
)]

A First evaluation of th&AIRnessf the GNSS data stored in the HDC: missing permanent identifiers, provenance

information metadata, license .. %
Coming up nextafter the coffee break =)
Put theory into practice: start by attaching metadata to our GNSS data =
RINEX data files O
+ o
@y
Stationdependent @
information =
+ ™
RINEXependent N
. . —IN)
information
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Coffee break
Reconvene @ 15:50 GMT+2
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Contents of the webinar =T
A Part 1- GNSS data and the data repository
A Part 2- Introduction to FAIR data principles
A Part 3- The journey so far: FAIR for GNSS data

A Where and how to start?

=
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Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data

Jeulgqapn

Restructuring the data repository

> > D> D

Persistent identifiers for GNSS data
A API preparatory work

%ZOZ ‘TT 418q0120

A Part 4¢ Lessons learned and next steps
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Metadata for GNSS data ey
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FAIRGNSS methodology XaadlI NI oé | yagSNRyYy3
>
. WhiCh Metadat 8
N stang . <
° o dards? pears o
_ B Y 4 ublinCorep .y .
RINEX data files Q &P &  DataCjte?
+ N\ (\66
2
Stationdependent < =
information %
o o
RINEXlependent -
information o
X2 g5<b
2 <
W ((g’} SO O
5 h’Chm tag & eeb g_*
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n.. N
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Which information to provide as metadata?

Choice ofdditional information to be provided as metadathased on:

userrequestswhen
searching/downloading GNSS data

RE QL

FINDABLE
®
ACCESSIBLE

L]
bl

L

INTEROPERAE

LE

o

REUSABLE

FAIR data principles

FsFF1-01D & 02D

Persistent
identifiers
(PIDs)

FsFA1-01M

Metadata has
access level &
conditions

N
359

FsFI1-02M

Vocabularies &
ontologies

ik

FSFR1.1-01M

Metadata
includes license

©

FsFF2-01M

Rich metadata
with core
elements

(=)
[ )
(—/

FSFR1.2-01M

Metadata
includes
provenance

9,

dzal 38 O2yRAGAZ2YAT

FsFF4-01M

Machine
readable
metadata

000
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community
standards
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Which information to provide as metadata?

Selected information based on user perspective

Station-dependent metadata
All info currently stored in the site log
DOI (Digital Object Identifiernecessary to cite data owner when using the station data
License infe providing conditions of use
Provenance info (e.g. changes occurred to the site log after submissio3|®)o M
Precise station coordinates (including their reference frame)
RINEXdependent metadata
Link @rl) to the RINEX file
Link to the statiorspecific metadata file (via PID/DOI)
MD5/SHA1L checksum
Access and rase conditions to the files (open or not, data license, embargo period)

Sampling rate (typically 38econd for daily observations, but it can bsdcond or 15
second)

Timestamp for data & metadata

Type of RINEX (daily or hourly, RINEX version)

Satellite constellations for which observations are included in the RINEX file
Receiver & antenna types (as in GeodesyML or site log)

Changes made to the original RINf¥(s) (e.g. to correct an incorrect antenna name in the
RINEX header)

Data quality metrics (e.g. as provided presently in graphical form by the EPN Central B

RINEX data files
+
Stationdependent
information
+
RINEXependent
information

2

RINEX data files
+
Station-dependent
metadata station
description, license, data
citation info,X
+
RINEXdependent
metadata provenance, lin

to site log, data quality, ...
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Station & RINEXlependent metadata
ROYAL
OBSERVATOR
OF BELGIUM
N\
- »
A,
............................ 1
’ 4 : >
Station-dependent metadata - RINEXdependent metadata(i.e. created 8
. on-the-fly upon data download): =
Station description/site log, data license, - Data identifier, repository, creation & 0p)
data citation info (DOI)X . ' n
: . . - publication date, data license, summary
Optionally: GNSS network to which station . ‘ - and keywords,
contributes, provenance info, individual ) 10 - Optionally: quality check results, MD5, flle
FyYyuaSyyl OFf ANIUGAZYZ 9¢w{yd O22NRWEZ X -aAl ST X =
%, R : D
@ = = = = ®E ® E ®E ® ®E ®E ®E E E S S 8 %5 == ¥ S 8 8 858 g
>
L
RINEX data files
+
Stationdependent 4
v metadata '
Proposal for N Proposal for
: P RINEXependent P
station-dependent metadata metadata RINEXdependent metadata
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Station & RINEXlependent metadata
ROYAL
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A,
............................ J1
’ 4 : >
Station-dependent metadata - RINEXdependent metadata(i.e. created 8
. on-the-fly upon data download): =
§tat|9n desgrlptl.?n/s['{[e log, data license, , , Data identifier, repository, creation & 8
RIFOIESOATUSURA ZRyE AR 2 0 5 h BuE X . . - publication date, data license, summary
Optionally: GNSS network to which station e - and keywords,
contribgtes, provenance info, individual 3 ) i ' . Optlonally quality check results, MD5, flle
FydaSyyl OFrtAoNIdGAZ2YS 9¢w{yd O22NRiswmn 83 X -aAT 83 X <
%, R : D
@ " = " m ®m m ® ® ® E ®E E ®E S =S =S =S EEEEEEEm g
S
L
RINEX data files
—= O
Stationdependent 4 g
v metadata ' S
+ -
Proposal for Proposal for =
. P RINE>Xdependent P =
station-dependent metadata RINEXdependent metadata N
metadata - o
N
N
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Stationdependent metadata:
which metadata standard?

Choice oimetadata schema(shased on:

A best practices within the scientific community and at other GNSS data repositories all over the world
A FAIR data principles

A userperspective when accessing and using the data

A data managers perspective whemanaging and preserving the data e.g. ROB

e We observed that fostation-dependent metadata
Y communiy there exists
~ acommunity-agreed standard format for station metadata
REUSABLE GeodesyML
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Stationdependent metadata:
GeodesyML

Australian Government

A

Geoscience Australia

GeodesyML

aligned with international standard€1S019118.:2014
and the Geography Markup Languag&ML)developed
within the Open Geospatial Consortiu@GC)

anapplication schema of GMtor transfer of geodetic
information

first proposed in 2016
supported by the International GNSS Service (IGS)

in use within EPOS and theé®lsystem

W

@W>

1GS

International GNSS Management and

A voluntary organization to ensure dissemination Of GNSS Site

@ mpsiigorg. W @IGos B |og metadata using the new
GeodesyML

(M) Overview [m] Repositories 1 [E Project: 4 sususu -

*
Le 8 8 8 ¢
* % Kk K

GeodesyML —_—
ROYAL OBSERVATORY
GeodesyML OF BELGIUM

d . » 1
Metadata Management and Distribution
System for Multiple GNSS Networks

Popular repositories

Boleret al. (2017Progress toward a standatftothsed XML system for IGS network site log rdaeta management and dissemination using GeodesyML

Brown et al. (2016Maximisinginteroperability and discoverability of geodetic products and services.
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http://geodesyml.org/
http://www.igs.org/assets/pdf/W2017-PY07-01%20-%20Boler.pdf
http://geodesyml.org/wp-content/uploads/2016/03/BROWN-IGS-Workshop-2016.pdf

Stationdependent metadata:
GeodesyML

What is available

In GeodesyML

A open source XMbased format

A aligned with international standards (1ISO19115
1:2014 and th&seography Markup LanguagéNIL)

A includes all information contained in the IGS site log,
some additional info and no information is ever
deleted (possibility to track changes)

FINDABLE

o

REUSABLE

FsFF4-01M

Machine
readable
metadata

S

S

FsFR1.3-01M & 02D

(Meta)data
community
standards

[aNaYa)

FINDABLE

@;)

ACCESSIBLE

What is missing
In GeodesyML

A data license information
A provenance information
A use PIDs
A controlled terminology via code
list files
FsFF1-01D & 02D FsFF2-01M
Persistent Rich metadata
persis .
S PIDY il g’cf’?é
D =
[ e |
= INTEROPERABLE:
FsFA1-01M FsFR1.1-01M

Metadata has
access level &
conditions (. \
R

EI@ REUSABLE

Metadata
includes license

©

FsFI1-02M

Vocabularies &
ontologies

ik

FsFR1.2-01M

Metadata
includes
provenance
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Stationdependent metadata:
proposal to extend GeodesyML

Metadata element and description GeodesyML element

Core metadata for GNSS station

Site log content geo:sitelog

gec:license

License of use to be added to GeodesyML,

Precise coordinates geo:Position

geo:3itelogType/geo moreInformation/g
DOl -

ec:DOT

Optional metadata for GNSS station

File provenance information i.e. list of geo:modifiedSection
changes to site log to be added to GeodesyML,

Data curator (i.e. organization uploading,

idati istributi : : :Metadat
validatina and distributing data) identifier geo:Hetacata

to be added to GeodesyML,

Site pictures geo:Document
Antenna calibration geo:Document

geo:gnssnetwork

GNSS network(s) to be added to GeodesyML,

*
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Stationdependent metadata: Ry

ROYAL
OBSERVATOR

extended GeodesyML examples

e For example:
controlled terminology/ code listdor: _
geo:license as a new property of thgeo:Document
_ GeodesyMilclass +

license, an associatedode list file

tectonic plates, license - codelists.xml

=
0
Z
n
)]

receiver firmware, cessE

<Codelistbictionary gml:id="GeodesyML_LicenseTypeCode’ >

<gml:description:File License information</pml:description:

GNSS data Centers, networks, <gml:identifier codeSpace="urn:gnss-metadata.eu:gnss:license’ *GeodesyMl_LicenseTypelodec/gnl: identifiers

Jeulgapa

types of changes in the site log, ccodséntry>

<Codebefinition gml:id="LicenseTypelode CC-BY-4.8'>

To o Do Io Io P>

<gml:description xlink:href="https:/fcreativecommons.org/licenses/by/4.8/"/>
X <gml:identifier codeSpace='urn:gnss-metadata.eu:gnss:license’ >CC-BY-4.8¢/gnl: identifiers
<gml:name codeSpace='urn:gnss-metadata.eu:gnss:license’ >Creative Commons Attr
«/CodeDefinition»
«/codeEntry »

coodeEntry>
<CodebDefinition gml:id="LicenseTypelode_CCA">»

COde IIStS f||eS tO be malntalned @ IGS ) <gml:description xlink:href="https:/fcreativecommons.org/publicdomain/zerof/1.

<gml:identifier codeSpace='urn:gnss-metadata.eu:gnss:license’>C008-1.8¢/gml identifiers

I G S < /Codebefinition>

«/codeEntry »

<gml:name codeSpace='urn:gnss-metadata.eu:gnss:license’ >Creative Commons Zero

%ZOZ ‘TT 418q0120

¢fCodelistDictionary:>
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Stationdependent metadata:
extended GeodesyML proposal

Richer metadatee.g.

publisher,

track modifications

data license

GNSS networks.

identifiers (ROR or ORCID)

To J>o T To Do

Controlled terminolqgy/ code listdor:

: X
license,

tectonic plates,

receiver firmware,

GNSS data centers, networks,
types of changes in the site log,
X

o T T To o I

Get all this extra information when
downloading GeodesyML files
e.g. from MG

-

< <» Code (%) Issues I7 Pullrequests () Actions [ Projects [0 wiki @ Security  |* Insights

P main - P 2 branches (0 tags

gfg2dae on Mar 31 {5} 24 commits

X
o

m3g-rob Updated README

B  codelists Fix personal info 2 months ago
B docs Fix personal info 2 maonths ago
B cEmples/06 Fix personal info 2 maonths ago
[ README.md Updated README 2 months ago
README.md

GeodesyML proposal

A5 discussed during the first "GeodesyWL Discussion” meeting (26.10.2021), we propose to enrich GeodesyML's
functicnalities by exploiting existing classes and including additional ones.

Here's 3 short version of the proposal:

e Introduction

* MNew geo:Document properties: geo:license & geo:keywords

k ® Mew class geo:Metadata

B ROB-GNSS / GeodesyML_proposal  public o)

*
% % %k Kk Kk
* %k K Kk

ROYAL
OBSERVATOF
OF BELGIUM

>
0
Z
n
)]

Jeulgapa

%ZOZ ‘TT 418q0120

GHENT
UNIVERSITY



Stationdependent metadata:

extended GeodesyML proposal @ GitHub

¥ ROB-GNSS / GeodesyML | eublic

forked from GeoscienceAustralia/Geodesyhl

L\ Notifications % For <

<3 Code () Actions [ Projects [0 wiki |~ Insights

Go to file m About

i1 Pull requests @ Security

P dev = P 10 branches (D 1tag

mseanas1comm ONQYOING:

ST implementation started +
new GeodesyML repo @IGS where ou
contributions will soon be merged

<

International GNSS Service

A voluntary organization to ensure open access and high quality GN5S products since 1994,

1GS

& httpsi/figs.org W @IGSorg [ cb@igs.org

(R) Overview [ Repositories 1 B Projects @ Packages A People
Popular repositories
GeodesyML Public

GeodesyML

r

Discussed with the GeodesyML Task Force of thq
Infrastructure Committee of IGS

B ROB-GNSS / GeodesyML_propo:

O

Documentation, examples, comments:
https://github.com/ROBGNSS/GeodesyML_proposal

(E:l Issues

£» Code 11 Pullrequests

F main - P 2 branches s 0 tags

¥& m3g-rob Updated README

B  codelists Fix personal info
B docs Fix personal info
B =Emples/le Fix personal info
[ READMEmd Updated README
README.md

GeodesyML proposal

efg2das on Mar 31

Y0 24 commits

2 months ago
2 months ago
2 months ago

2 months ago

As discussed during the first "GeodesyML Discussion” meeting {26.10.2021), we propose to enrich GeodesyL's

functionalities by exploiting existing classes and including additional ones.
Here's a short version of the proposal:

+ |ntroduction
s Mew geo:Document properties: geo:license & geo:keywords

* NMew class geo:Metadata

*
% % %k Kk Kk
* %k K Kk

ROYAL
OBSERVATOF
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https://github.com/ROB-GNSS/GeodesyML_proposal
https://github.com/International-GNSS-Service/GeodesyML

*

. * %k Kk K
Station & RINEXlependent metadata
ROYAL
OBSERVATOR
OF BELGIUM
N\
- »
A,
............................ 1
’ 4 : >
Station-dependent metadata - RINEXdependent metadata(i.e. created 8
. on-the-fly upon data download): =
Station description/site log, data license, - Data identifier, repository, creation & 0p)
data citation info (DOI)X . ' n
: . . - publication date, data license, summary
Optionally: GNSS network to which station . ‘ - and keywords,
contributes, provenance info, individual ) 10 - Optionally: quality check results, MD5, flle
FyYyuaSyyl OFf ANIUGAZYZ 9¢w{yd O22NRWEZ X -aAl ST X =
%, R : D
@ = = = = ®E ® E ®E ® ®E ®E ®E E E S S 8 %5 == ¥ S 8 8 858 g
>
L
RINEX data files
+
Stationdependent 4
v metadata '
Proposal for ks Proposal for
: P RINEXependent P
station-dependent metadata metadata RINEXdependent metadata

UNIVERSITY
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RINEXdependent metadata e

ROYAL
OBSERVATOR

which metadata standard?

Choice oimetadata schema(shased on:

A userperspective when accessing and using the data, as well as those managing and preserving the data e.g. ROB

>
0
Z
n
)]

A best practices within the scientific community and at other GNSS data repositories all over the world

A FAIR data principles

We observed that foRINEXdependent metadata:

Jeulgapa

A no metadata standard is available to describe RINEX data in
GNSS data repositories

N

A identify existing metadata schema()veringthe needs of
the GNSS community to a maximal extent

%ZOZ ‘TT 418q0120

A if needed, extend the schema of choice amyelop an

application profile ==
PP P GHENT
UNIVERSITY
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EXxplore existing metadata schemas bl

Examine existing metadata schemes (e.g. DataCite, schenoast. DXQAT) used in Earth
science community, and controlled vocabularies to populate metadata.

A Generic metadata schemas and vocabulariB€ATDataCite Dublin Core Schema.orpwere

considered

DCATAP field
(Mandatory, Recommended,
Optional)
dct:title (M)
dct:format (M)
dct:creator(M)

dct:publisher(M)

dct:identifier (M)

dct:issued(M)

dct:accessRightd/)

D

ROYAL
OBSERVATOF
OF BELGIUM

=
0
Z
n
)]

DCATAP

description
value

Title: a name given to the resource. rdfs:Literal[1..n]

dct:MediaTypeOrExtent [0..1]
Creator: data owner (ROR ID if

available) foaf:Agent [0..1]

Publisher: ROB foaf:Agent [0..1]

An unambiguous reference to the

resource

within a given context. rdfs:Literal [0..n]

Timestamp for data & metadateDate rdfs:Literaltyped asxsd:dateor
of submission of the resource xsd:dateTim§o..1]

Access conditions to the files (open o

not) dct:RightsStatemeffd..1]

DataCite field %
(Mandatory, Recommended, Comments o
Optional =T

ptional) 5

Q

-

Title (M)

ResourceType (M)

Creator (M)
Publisher (M) Q
(@]
DataCite requires this to be a DOI, whereas (@n
Identifier (M) DCATAP does not have such requirement Q
PublicationYear (M) =
Date (R) [
Rights (O) B
N
/\A)

GHENT
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https://www.w3.org/TR/vocab-dcat-3/
https://schema.datacite.org/
https://dublincore.org/
https://schema.org/

EXxplore existing metadata schemas

Data Catalog Vocabulary

Version 2
W3C Recommendation 04 February 2020

(DCAT) -

DCAT Application Profile for data portals in Europe

Version 2.1.0

* Kk
*
*

*

*
ek

European

metadata mapping

INSPIRE mp DCAT mp |

Focus orDCATand DataCite existing generic metadata schemas
We mapped the content of the HDC database vs the existing
metadata fields of the various schemas

8-

DataCite field
metadata field description comments mandatory DCAT 3 LHETTEEII (8] data type
Recommended,
Optional)
titte/name  |Title: a name given to the resour RINEX file name mandatory dct:title (M) Title (M)
file type RINEX version dct:format (M) ResourceType (M)
creator Creator:;i\?;iella%vl\ger (RORif match the site log (S12) mandatory dct:creator(M) Creator (M)
publisher Publisher: ROB mandatory dct:publisher(M) Publisher (M)
An unambiguous reference to th
identifier resource permanent ID, landing pa mandatory dct:identifier (M) Identifier (M) station
within a given context.
. Timestamp for data & metadata . " PublicationYea(M) observation
dateSubmitted Date of submission of the resour dateLastSubmission mandatory dct:issuedM) Date (R) (RINEX)
. Access conditions to the files (op . . . observation
rights or not) always open mandatory dct:accessRightdv) Rights (O) (RINEX)
A legal document giving official
License permission from M3G mandatory dct:license - station
to do something with the resourc
md5 checksum to be inserted in DB mandatory spdx:checksum - observation
(RINEX)
i observation
Type of RINEX (daily or houryd . . i i
Frequency rate at which something recurs in the DB optional (RINEX)

EUROPEAN

DATA PORTAL

*

L 0.0 0 & ¢
* %k K Kk

ROYAL
OBSERVATOF
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EXxplore existing metadata schemas: Rk

ROYAL
OBSERVATOR

lesson learned

A Generic metadata schemas and vocabulariBE€ ATDataCite Dublin Core Schema.orwere
considered, but none is capable to cover GNSS data specificities as it is.

>
0
Z
n
)]

A The most appropriate choice of vocabulary seemed to beNASA Earth data GCDM Keywards
already in use within the community (e @FZ data services

A No specificfield to storethe linksto the RINEXilesin GeodesyML

A Extendthe DCATApplication Profile for open datasetsand data portals (DCATAP) to include
metadataattributes specificto RINEXiles: GNSCATAR

Jeulgqapn

A ConsideringLinkedOpendata (LOD)i.e. 5-R data, DCATAP is the schemaof choicefor its
naturallinked-data approach(JSON.Dasencodingformat)

i EUROPEAN
Version 2.1.0 DATA PORTAL

O

Q

metadata mapping o

Data Catalog Vocabulary (DCAT) - )
Version2 ~ ] ] —an INSPIRE - DCAT - -
W3C Recommendation 04 February 2020 DCAT Application Profile for data portals in Europe P
N

o

N

N

proposal for a DCARP for GNSS data

GHENT
UNIVERSITY



https://www.w3.org/TR/vocab-dcat-3/
https://schema.datacite.org/
https://dublincore.org/
https://schema.org/
https://earthdata.nasa.gov/earth-observation-data/find-data/idn/gcmd-keywords
https://dataservices.gfz-potsdam.de/panmetaworks/metaedit/resources/pdf/Quick-Start-Guide-fo-Data-Publications-GFZ-Data-Services.pdf
https://en.wikipedia.org/wiki/Linked_data

*
% % %k Kk Kk

RINEXdependent metadata: W

ROYAL

proposal for a DCAAP for GNSS data orch

X &0 NHzOG dzNBR Ay T2 NI HEEY
GNSSDCAIAP metadata schema A
= Z
)
n
_ +

type of RINEX file (e.qg.,
compression format, frequency) =
Q)
RINEX file header: GNSS antenna g%

YR NBOSAOGSNI (LIS X

GeodesyML: GNSS antenna and
NEOSA@GSNI GéeLISz| X

software used to generate the
RINEXile.

J

@)
O
—
©)
o
@
-
[N
=
N
o
N
=N

GHENT
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GNSSDCATAP

*
* %k ok kK

RINEXependent metadata: ey

ROYAL

GNSDCATAP proposal e

JA type of RINEX file (e.qg.
compression format,
frequency)

X

<

GNSS-DCAT-AP recommended classes

Class name Mandatory/ Description
Recommended/
Optional

SSNOYIVA

GNSS observation data Recommended Domain specific vocabulary for RINEX

observation files

anss:OBSData

Jeulgapa

properties

gnss:0B5Data

Range & Mandatory/ Description
Cardinality Recommended/
Optional
file format gnss-format rdfs:Literal [0..n] Recommended RINEX 2 [ RIMEX 3/
RIMEX 4
frequency gnss-frequency det:Frequency[D.1 | Cptional Dailyhourly RINEX files
CRX compression | gnss-compressFormat xgd-boolean[D. 1] Optional CRX compressad RINEX
file (CRX RINEX)
CRX version gnss.compressFormaiTy | rdfs:Literal [0..n] Cptional Crinex Version (e.g. 3.0)
pe

GHENT
UNIVERSITY
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RINEXependent metadata: ey

G NSS:)CATAP ROYAL

- GNSSDCAIAP proposal s

A type of RINEX file (e.g.,

{ compression format, -
Class name Mandatory/ Description
frequency) Recommended/

GNSS-DCAT-AP recommended classes

Optional

SSNOYIVA

GNSS station antenna Recommended Domain specific vocabulary for the

antenna associated with gnss:Station

gnss:Antenna

A RINEX file:GNSS
antenna and receiver
GeLlsSsz X

GNSS-DCAT-AP optional classes

Class name Mandatory/ Description
Recommended/
A software used to Optional

generate the RI N EKIe GNSS station antenna from geo:GNSSAntenna Optional Antenna info from GeodesyML
GeodesyML installed on gnss:temporal (associated
with gnss:Station)

Jeulgapa

A GeodesyML: GNS

GNSS station monument geo:Monument Optional Monument info from GeodesyML
ante nna an d receijver from GeodesyML (associated with gnss:Station)
U e LJS z X GNSS station receiver from geo:GNSSReceiver Optional Receiver info from GeodesyML
GeodesyML installed on gnss:temporal (associated
. with gnss:Station)

GHENT
UNIVERSITY



GNSSDCATAP

RINEXJependent metadata:
GNSPCATAP proposal

[A Data license

A Quality metrics

-

DCAT-AP recommended classes

Class name

License document

det-LicenseDocument

Mandatory/
Recommended/

Optional

Recommended

Description

A legal document giving official
permizsion fo use the dataset.

dcat:Dataset

has guality
measurement

dgv:hasQualityMeasure
ment

Range &
Cardinality

dov:QualityMeasure
ment [0..n)

Mandatory/ Description

Recommended/
Optional

Optional

A guality measurement
perfiormed on the Dataset
(e.g. ratio of the number of
GPS observations, on at
least two frequencies, in
the daily RIMEX file with
respect to the number of
expecied observations)

*
%k &k ok
* %k X

ROYAL
OBSERVATOR
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=
0
Z
n
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RINEXdependent metadata:

GNSDCATAP proposal

GNSS-DCAT-AP: an extension of the DCAT Application Prefile

—
- Version 0.2
dotlicense
«recommended» \‘
«mandatory» £0.L
dcat:Dataset «recommended» 2 Z
- s N
«recommendeds» dct:LicenseDocument U)
«mandatory» dcat:Distribution
detdescription [1.n] wrecommendeds U)
detidentifier [0..n] «mandatory» dettype (0.0]
detiitle [1..n] 0.1 deat:accessURL [1.n) A
«recommendeds ]| srecommandatbs
deat contactPoint (0..n] doali srevbin B
2 detformat [0. 1]
deatkeyword [0..n] deatdistibution | «optional» dcataccessService
detspatial [0..n] «recommended» | dcatbyteSize 0.1 [~ <optonabr
det:temporal [0..n] spdx:checksum [0..1]
«optional» dcat:compressFormat (0..1] detlicense
detaccessRights [0..1] B— deat:downloadURL [0..n) wecommended»
detconformsTo [0..n] o Ao
deatlandingPage [0..n] EesLedin ) N
detrights [0..1)
dqv:hasQualityMeasurement [0..n]
: detitie 0.0/ «optionab»
adms:identifier [0..n] detmodified [0.1] pona
owlversioninfo [0..1] dcat:DataService
adms:versionNotes [0..n] TN o1 (D
wmandatory»
T deatendpointURL (1] U
R deatservesDataset dct:title 0. ., —
«recommended» wrecommended»
dcat:endpointDescription (0.n) i
| detaccessRights [0..1]
oot Q
gnss:geodesym! detdescription [0.n]
«optional» dcat:downloadURL (0.n] S
|
gnssisitelog
«optional»
e «mandatory» A
an: { gnss:imonument
g
«recommended» gnss antenna
gnss:OBSData «optional»
gnss.obsHeader < I
wrecommendeds - «tecommended»
gnss:format [0..n]
«optiona»
gnssifrequency (0.1]
gnss:compressFormat [0..1] JEs—
gnss:compressFormatType [0.1] 0. i
«recommendeds
gnss:OBSHeader
«recommended»
gnss:PGM «recommendeds
gnssiinterval [0.1]
«mandatory» nssipgm | OTSSissued 0.2]
gnss:pgmName [1.n) _anss.pam _| gnss temporal [0..n]
«optional» f «optional» " «optionaby detisVersionOf
anssipgmiotes [0.n] gnss:agency [0.n] L:‘; J::.
gnss:pgmDate [0..1] gnss:markerName [0..n] P
gnss:pgmRuNBy (0.0] gnssmarkerNumber (0.1) o -
gnss observer [0.]
gnss finexVersion [0..n]
owtversioninfo [0..1]
adms:versionNotes [0..1]
T
«recommended»
gnssireceiver
2 « edn gnss:Antenna
gnss:Receiver
«mandatory»
«mandatory» gnssiantenna 0~ gnssigsModelCode (1.n]
gnssiigshodelCode [1.n] e/ «ecommended»—>| wrecommendods —_—
«recommended» b "7 anssmarker-ameastecs .11
gnss:firmwareVersion [0.1] gnss:marker-arpNorthEcc [0..1] G H E N T
«optonals gnss marker-arpUpEce f1]
gnss:manufacturerSerialNumber (1,0} «optional»
gnss manufacturerSariaiNumber [1.0] U N |V E RS | TY
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RINEXdependent metadata: W

GNSSCATAP proposal on GitHub

GMNSS-DCAT-AP: an extension of the DCAT Application Profile \

for GNSS ohaervation data Your feedback is very welcome!
https://github.com/ROBGNSS/GNI3CATAP

Version 0.2

detlicense

:
arecommended» )
«mandatory» Dal g )
dcat:Dataset «recommendedh ! D t d ROB-GNSS / GNSS-DCAT-AP | pubiic
«recommendedb» det:LicenseDocument |~ ) O C U I I Ie n e " ! Z
«mandatory» dcat:Distribution
detdescription [1..n] «recommendeds ~ : U‘)
detidentifier [0..] o | mandatonys dettype (0.n) an d Propasal for a DCAT-AP extension for GNSS cbservation data
dettitle [1..n] -1 dear:accessURL [1.n] A U)
STecOMN0oLS (7| scmmpravetntiy o e
deat contactPoint [0..n] desiivtore . 1star % 1fork
0.1 f o
dcatkeyword [0..n] deatdistribution | «optionat» deataccessService | b I
Gecspatel .1 s, | <ot o L coocacmssoniee_ avallaple
dettemporal [0..n] spdx:checksum (0..1] " s O Motificati
«optional» deat:compressFormat (0..1] detlicense - tar - otifications
uc&mssmgm 0.1] - deat-downloadURL [0.) wrecommended» O n G ItH u b =
dct:conformsTo [0..n) Za:"s‘l“’:d"'[‘i"] ©.nl
deatlandingPage [0..n] dctrights (0.1} \/ 0.~ 5 a Tor
daqv:hasQualityMeasurement 0..n] e il S <> Code (&) Issues I Pullrequests () Actions [ Projects [ Wiki
adms:identifier [0..n] detmodified [0.1] «optionab» -
owlversioninfo [0..1] dcat:DataService
adms:versionNotes [0..n] o1 0T
amandatory»
= d oIntURL [1..n)
- doatservesDataset detite fo.n| ' main - Go to file D
«recommended» wrecommended» U
deatendpointDescription (0..n)
detaccessRights [0..1] —
«optionaly
anss geadesymi detdescription [0.1) )
«0p als ¢ - o
B fostdosnioscte S R gnss-rob GMNSS-DCAT-AP VD2 .. 29 days age {02 Q_)
gnsssitelog
0.+ «optionaln
ssistation < =
«mandatory» ] «recommended» 29 davs ago
gnss:Station anss:monument I Draft <3 0ays ago
«ecommendeds y [ READMEmd 29 days ago
gnss:antenna
gnss:OBSData «optional»
gnss.obsHeader o B
«recommendeds 1 «recommended»
gnss:format [0..n]
«optonain
gnss:frequency (0.1 README.md
gnss:compressFormat [0..1] i anssreceiver
gnss:compressFarmatType [0. ] \/ 0.1 — = «optional
«recommended»

gnss:OBSHeader
e GNSS-DCAT-AP

OﬂgOl ng. First draft of 2 DCAT-AP extension for GNSS observation data (GNSS-DCAT-AB) to

d ISCUSSIOI’] and feed baCk from facilitate GNSS data exchange. This proposal aims at facilitating the exchange of GNSS

RIMEX observation data in order to increase their Findability, Accessibility,

FAI RG NSS FOl IOWp Comm|ttee, Interoperability, and Re-usability (FAIR).
G FZ and ESA G NSS SCIGI’]CG Support Centre GMNSS-DCAT-AP adds additional support for the following entities:

* GMNSS observation data file (RINEX) and its header

O
P)
—
o
o
®
-
=
=
N
o
N
—~N

«opbonals s i S 1 -
S el J * GNSS station
gnss:manufacturerSerialNumber [1.n] - G H E N T
® (GMSS antennz and receiver

* GNSS observation data generating software UNIVERSITY



https://github.com/ROB-GNSS/GNSS-DCAT-AP
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Contents of the webinar =T
A Part 1- GNSS data and the data repository
A Part 2- Introduction to FAIR data principles
A Part 3- The journey so far: FAIR for GNSS data

A Where and how to start?

=
0
Z
n
)]

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data

Jeulgqapn

Restructuring the data repository

> >y D> D

Persistent identifiers for GNSS data
A API preparatory work

%ZOZ ‘TT 418q0120

A Part 4¢ Lessons learned and next steps

GHENT
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FAIR GNSS data b

ROYAL _

Downloading daily RINEX data Downloading daily RINEX data “OF BELGIUM

TODAY FUTURE

>
BRUXOOBEL BRUXOOBEL §
02/2021-012/2021 02/2021-012/2021 %

$ $

RINEX data files

=
Q)
Q.
S
L

I
I
RINEX data files :
+ I
Stationdependent I
information :

+ I
RINE>lependent :
information I

I

I

I
searchable by both’_ | AP|

humans and machines GHENT

UNIVERSITY




*

FAIR GNSS dat
*
a a ROYAL
Downloading daily RINEX data “OF BELGIUM
FUTURE
>
BRUXOOBEL éé
02/2021-012/2021 g

repository?

___________________ <
———————————————— 1 | ®
______________ T g
R D
Our existing database does not contain all needed RINEX data files | | | :
information + I
Stationdependent | | i
What content do we need to include in the new HDC information B
database? + L
RINEXdependent | | | :
How to implement this for an already existing data information L
(I
Ly
|
]

GHENT
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Stationdependent metadata- GeodesyML

All information is collected by M, stored in a database and exported in GeodesyML format (API + persistent

link)

A Persistent link to be provided together with the download of RINEX data of the BRUXOOBEL station :
https://gnssmetadata.eu/vl/sitelog/exportxml?id=BRUXO00BEL

GeodesyML format

V Current version of MG: GeodesyML 0.4

V Next release: GeodesyML 0.5 (Nov. 20227?)

V Future release: GeodesyMilyincluding all new functionalities discussed within GeodesyML taskforce of the
International GNSS Service

Population of the MG database
V Station description: Mandatory for all GNSS stations (requirement)
V Data license (optional)
A At start of FAIRGNSS, few GNSS stations with data license
A European Plate Observing System (EPOS): data license is mandatory (CC BY 4.0)
A Today: 93% of GNSS stations in data repository inserted data licen$&in M
V Data citation information (optional)
A Digital Object Identifier (DO more later
A Very few GNSS stations inserted DOl #&M

*
L 0.0 0 & ¢
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RINEX filelependent metadata —

OBSERVATOF
OF BELGIUM

Data inventory learned us that:

=
0
Z
n
)]

Missing provenance information

A From where did the data files come (from which data center? Or provided directly by the station
manager to us?)

A What changes have been made on the data (RINEX header)?

Jeulgqapn

A Content of original data (RINEX header)

Error checking
A Inconsistent usage of flags

A More transparent rules enabling decision to publish a RINEX data file or not

/
202 ‘TT 494010

GHENT
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Fields to be added to repository database

Decide what to download

For EUREF data centers:
File name

RINEX format

File size

Date of observations
Creation date of file
Last update time of file

To o Do Do Do I»

Document origin of the
data file

A Persistent link to
original data file (Data
center name + File
name)

A File size at data center

A MD5 checksum at data
center ot availablg

A Last update time of file
at data center

A Original RINEX header
at data center

Document operations done
on each data file

A

A

RINEX header changed
or not

List of changes in RINEX
header

Date of change of RINEX
header

Station description used
as reference for
changing RINEX header:
Station description from
M3G

GDPRelated changes

Final content RINEX
header

A Warning/error flags

Document publicly made
available data files to
facilitate searching

File name

RINEX format

File size

Date of observations
Creation date of file
Last update time of file
MD5 checksum

File version (# updates in
database)

o o o Io Do Do Do P>

T

List of programs used to
generate RINEX

A Content current (corrected)
RINEX header

Associated (existing) database
Station descriptions from RG
Precise positions of each station
GNSS data quality metrics

*
L 0.0 0 & ¢
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Fields to be added to repository database

Decide what to download

For EUREF data centers:
File name

RINEX format

File size

Date of observations
Creation date of file
Last update time of file

To o Do Do Do I»

Document origin of the
data file

A Persistent link to
original data file (Data
center name + File
name)

A File size at data center

A MD5 checksum at data
center ot availablg

A Last update time of file
at data center

A Original RINEX header
at data center

Document operations done
on each data file

A RINEX header changed
or not

A List of changes in RINEX
header

A Date of change of RINEX
header

A Reference info used for
changing RINEX header:
Station description from
M3G

A GDPRelated changes

A Final content RINEX
header

A Warning/error flags

PROVENANCE
Persistent link to original data

A Need for a completely new database

Document publicly made
available data files to
facilitate searching

A File name

RINEX format

File size

Date of observations
Creation date of file
Last update time of file
MD5 checksum

File version (# updates in
database)

o o o Io Do Do Do

T

List of programs used to
generate RINEX

A Content current (corrected)
RINEX header content

Associated (existing) database
Station descriptions from RG
Precise positions of each station
GNSS data quality metrics
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OLD database

DataCenters
*~id
* LongMarkerMame
* Centre
*  RnxDir
DATE
*  Filename
RnxVersion
Size
DateFirst
Datelast
*  DateDfUpdate
Flag
ROBDataRepository
=~id
*  LongMarkerMame
* RnxDir
*  DATE
* Filename
RnxVersion
Size
DateFirst
Datelast
*  DateOfUpdate
Flag

Decide what to download

DataCenters

==id

®

®

Origin of the files

lengmarkername
Centre

filedate
Filename
RnxVersion

Size

DateFirst
Datelast
DateCfUpdate
Flag

gnssdata_from

.~ idfilefrom

) idfile

@ filenb
centrefrom
url
filename
filesize
checksum_mds
checksum_sha1

publication_date_online

*  table_timestamp

gnssdata_from_headers

A idfilefrom

filename
rinex_version
rinex_type
marker_name
marker_number
observer
agency
receiver_sn
receiver_type

-—  receiver_vers
antenna_sn
antenna_type
antenna_delta_h_string
antenna_delta_n_string
antenna_delta_e_string
approx_position_x_string
approx_position_y_string
approx_position_z_string
interval_string
interval_obs
time_first_obs_string
time_system
time_last_obs_string

*  table_timestamp

Ve

New database

Informations on the files

gnssdata

= A idfile
fileversion

(= longmarkername

2 rinex_format

(= filedate

(= filename
filesize
checksum_md5
checksum_sha1
datefirst
datelast
flag
deleted
check_mode

= table_timestamp

gnssdata_headers

Fi-» idfile 2 77 enssdata pm
filename “=id_pgm
rinex_version Didfile A
rinex_type pgm
marker_name pam_run_by
marker_number pgm_date_string
observer pgm_date
agency from_comment
receiver_sn
receiver_type
recemver_vers D i gnssdata_headers_mandatory
antenna_sn
antenna_type =P idfile A
antenna_delta_h obstypes
antenna_delta_n sys_phase_shift
antenna_delta_e glonass_slot_frg
approx_position_x glonass_cod_phs_bis
approx_position_y
approx_position_z
interval_header
interval_obs
time_first_obs
time_system
time_last_obs

*  table_timestamp
Operations done on the files
file_actions L K file_errors
«id_file_actions
= idfile Va

fileversion
metadata_used
action_name

error_type

* table_timestamp d=

validated_observer

(=) observer

2 agency
action

* timestamp

file_changes

“~id_file_changes

“(id_file_actions 7
changetype
changefrom
changeto
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Implementation: Development of new backend g

A Started in Summer of 2021

>
0
Z
n
)]

A Testing and development cycles

A Complete revision of software
A To download RINEX data
A To verify and correct RINEX headers
A To verify and correct RINEX formatting errors and manage flags
A To populate database

Jeulgqapn

A Under internal testing on new incoming operational RINEX data from Nov. 2021
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More rigorous checking of RINEX errors

Storeresults of RINEX verifications in
internal database (and can be consulted
later on)
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A Incorrect/unknown RINEX format

A Missing mandatory header lines
A Misformattedheader lines =
A Duplicate header lines %
A Inconsistent information with site log 2
A Sampling rate
AS5IGS FAES yIYS k RIFEGS wcLw{¢ h.{9wx! ¢LhbQ

/ timestamp of actual observations
A X
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