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Welcome T

Who we are

SSNO-HIV4

* Royal Observatory of Belgium (ROB) = maintaining a publicly available data
repository containing GNSS data

C. Bruyninx, A. Fabian, J. Legrand, A. Miglio, A. Moyaert, D. Mesmaker, F. Bamahry, F. Bodranghien,
E. Pottiaux

JENE

* Ghent University = open data specialists
S. De Bodt, P. Oset Garcia, I. Van Nieuwerburgh

O
(@]
—
(@)
o
@D
-
[
—_—
N
o
N
N

GHENT
UNIVERSITY




Demands from data users and managers

GNSS user community A

. ?

GNSS station managers )

N\
p »

Search for and download data from GNSS multiple stations

Get data usage conditions

Acknowledge (cite) data providers

Need for better recognition of data provision, but no data
citation enabled...

Track usage of data (funding agencies)

No data license information provided
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Demands from organizations

GNSS organizations
EEE-EE

|GS INTERNATIONAL
GNSS SERVICE

GGOS

@ Global Geodetic
51 Observing System

Scientific community

EGU AGU EPOS

EUROPEANPLATEOBSERVINGSYSTEM

EU policy actions

NDEOSC

European Open Science Cloud

maximize interoperability and discoverability of
geodetic products and services...

and more explicitly: implement 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/
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Solution? Apply FAIR data principles? — o

OBSERVATORY
OF BELGIUM

Implementing FAIR data principles is challenging!

FAIR data principles first introduced by Wilkinson in 2016 : general principles and putting them into
practice is not trivial

SSNO-HIV4

Overwhelmed by papers and initiatives about FAIR data principles

JENE

Few hand-on papers

Moving towards FAIR data requires
“substantial change in practice, technologies and their implementation”

¥

Asked help from open data experts at University Gent

and decided to ask funding from Belgian Science Policy Office > FAIR-GNSS project GHENT
UNIVERSITY
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* Partners: Royal Observatory of Belgium & Ghent University

* Funding Agency: Belgian Science Policy Office (BELSPO)

JENE

* Duration: 15/12/2020 - 14/03/2023

* Budget: 35 PM funded
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* 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

SSNO-HIV4

Part 2 - Introduction to FAIR data principles

Part 3 — The journey so far: FAIR for GNSS data
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Part 3 — The journey so far: FAIR for GNSS data (cont.)
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GNSS data in a nutshell

Global Navigation Satellite Systems, e.g. GPS, Galileo, GLONASS, BeiDou

GNSS emit radio signals captured by GNSS stations installed at fixed locations on
the Earth

GNSS stations are equipped with high-precision GNSS instruments enabling mm-
level positioning

GNSS data used for multi-disciplinary applications: Maintenance of coordinate
reference systems, monitoring of ground deformations, atmosphere,....
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The GNSS data repository

2021 Feb 16 02:36:06

““hnpy/www.epnw.eu

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

1 file/day/station

ROB = EUREF Permanent Network
Central Bureau

100+ different agencies (data
owners) are involved

Voluntary contributions
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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 Last Modified
1995 24012014 01:00:00
1996 01/12/2008  01:00:00
1997 10/01/2014  01:00:00
1993 16/10/2019  02:00:00

L% ts [ B s W L] (3 Wty Wats

Structure of the data repository:

e Similar to other GNSS data repositories within
the International GNSS Service or some of its
regional components

* File naming follows community-agreed
international standards: 1 GNSS observation
file/day/station (= simplification!!

 RINEX format is 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

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

/2021/

t Up to higher level directory

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
o 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
N3 07/02/2021  01:4500
e 08/02/2021  01:25:00
nr 09/02/2021  01:27:00
na 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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RINEX GNSS data files T

OF BELGIUM

B >
Example OfRINEX 3.04 OBSERVATION DATA M (MIXED) RINEX VERSION / TYPE é.';
data file sbf2rin-13.4.5 20210922 000349 UTC PGM / RUN BY / DATE =
BRUX00BEL MARKER MNAME w
13101M010 MARKER NUMBER »
Header = ROB EOB OBSERVER / RAGENCY
3057609 SEPT POLARXSTR 5.4.0 EEC # / TYPE / VERS
00464 JAVRINGANT DM  SCIS ANT # / TYPE
0.4689 0.0000 0.0010 ANTENNA: DELTA H/E/N
40278681.8468 306998.2610 49%19%495.6524 APPROX POSITION XYZ

JENE

—
—

GNSS Observations J > 2021 0% 21 00 00 00.0000000 O 42

05 40201851.771 5 40201850.831 & 40201848.053 ¢© @)

Q

— o
(@x

D

-

‘I\)

o

N

RINEX data file > RINEX header - description of the current station installation

\ GNSS observations
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Additional information

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

N\
o »
A,
/
A
Information related
GNSS station to RINEX files
information
-
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GNSS station descriptions it
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- ¥, M - . .
M3G: uMetadata management system for etadata Management and Distribution e | ® o
. ” System for Multiple GNSS Networks
multiple GNSS networks L
o
. . . . . n B Agencies @ Stations &8 Metadata Catalog & EPOS Data Nodes ™3™ Networks B Dogumentation~ @ About~ ) Logih
Used by GNSS station managers to maintain description of
their GNSS station: Welcorme!
* Location of the station
° H IStOI’ICE\l ove rVIeW of equment used in the Supported GNSS networks 2853 GNSS stations with metadata in M3G Updates
station, changes in environment — crucial , Sl ACOROGESP
0 0 0 0 oA o ..-..:o. + Section 11
information for reliable analysis of the GNSS BUNER Puriaane 8% e ——
Ice. -'. > i ° o - R
data o Andd 5 seoniz
° 0 .‘_Ve: :’~3ﬂ' ® Q LPALOOESP
I s Rut Section 11
* Station responsible wevooese
. e A MENCOOESP o
* DOI, data license £ e uine seoniz
o @ i ?LOTOOESP
Station pictures J s B it iy S
l.@.’ 8= & ;.'. - e m Section -
: 3 “g: ” i . ™ Tun.® TS k ULLAOOGBR
) EXported In Communlty_agreed format: Slte IOg Or Ogggf\ﬁiagns':;;::m N Mor. Algeria ﬁEPN densification istations section 2
etwor it stations i 2
GeodesyML (under development) s g oen 50 um Lo X
c EP S 500 mi Lebfidt'} Map tiles by Stamen Design, CC BY 3.0 — Map/dats © GpenStreetMap

Does not contain all available information! https.//qnss-metadata.eu
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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 Serwvice

; . T
M3G: “Metadata management system for Se€ Instructions st , , , >
https://files.igscb.org/pub/station/general/sitelog instr.txt Eii
multiple GNSS networks” -
=
. . L 9. Forn )
Used by GNSS station managers to maintain description of wn
their GNSS station: Prepared by (full name) : GNSSatROB
Date Prepared 1 2822-B3-16
. . Report Type : UPDATE
* Location of the station TF Update: =
Previous Site Log : bruxesbel_28228485.log gg_
* Historical overview of equipment used in the Modified/Added Sections : 6.12, 6.13 =1
. . . . o
station, changes in environment — crucial =
information for reliable analysis of the GNSS 1. Site Identification of the GNSS Monument
data ,
Site MName : Brussels (:)
i . Four Character ID : BRUX (@)
—
¢ Station re5p0n5|b|e Monument Inscription (@]
IERS DOMES Number : 13181M81e g
* DO, data license CDP Number t(A4) -
Monument Description : STEEL MAST =
. 5 Height of the Monument : B m N
y Statlon plCtureS Monument Foundation : COMCRETE BLOCK 8
Foundation Depth :3m N
«  Exported in community-agreed format: “Site log” or ;:Z:E;n::ﬂzgm” T O TOLE T sTER AT
GeodesyML (under development) Geologic Characteristic : SAND
Bedrock Type : SEDIMENTARY
3 . . . Bedrock Condition : FRESH
* Does not contain all available information! Fracture Spacing - ® cm
Fault zones nearby : NO GHENT

UNIVERSITY



Additional information

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

OBSERVATORY
OF BELGIUM

Ak ke EUREF Permanent GNSS w ¥
Data repository maintained in the frame of ROB’s WA RsERATORY Network sl
commitment as Central Bureau of the EUREF %
Permanent GNSS NEtwork (EPN) B - ORGANISATION ~ NETWORK & DATA ~ PRODUCTS & SERVICES ~ DOCUMENTATION ~ NEWS, EVENTS & LINKS ~ Q %

https://epncb.oma.be

elcome !
For each RINEX file:

19

* Monitoring data availability, latency, and
guality of daily GNSS data files

JENE

Quick Station Links

More information and registration

* \Verification of consistency of RINEX header R e RS
with GNSS station description (site log) e e
Next Meetings

e Publication on EPN CB web site

O
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N

+  Notifications to station managers he 1AG (ntemationl Assocaton of Geodesy) (RGP

. GHENT
https://epncb.oma.be UNIVERSITY



https://epncb.oma.be/
https://epncb.oma.be/
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RINEX file-dependent extra information o

OBSERVATORY

OF BELGIUM

Tl
RESPONSIBLE FOR METADATA IGIK (Institute of Geodesy and Cartography) j_>
RESPONSIBLE AGENCY IGIK (Institute of Geodesy and Cartography) Y
CURRENT STATION CONFIGURATION boge00pol_20210728.log @
STATUS IN EPN included since 05-05-2019 %
LAST AVAILABLE DATA 06-10-2022 (0]
LAST RECEIVER LEICA GR30 (23-07-2021 to now)
SET TO TRACK GPS+GLO+GAL+BDS+SBAS
LAST ANTENNA LEIAR20 LEIM (27-09-2018 to now)
INDIVIDUAL CALIBRATION(S) none é
DATA ROUTINELY ANALYSED BY BEV, BKG, WUT g
INCLUSION IN OTHER NETWORK(S) EPOS =1
Q
-
Data Provided 4
RINEX Data Quality 4 Q
—
(@)
o
Position, Velocity & Time Series » Q
—
—
Tropospheric Delays 4 N
o
N
N

Description : PillaggvT

benchmark
NgapsEet date = 24

GHENT
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RINEX file-dependent extra information o

OBSERVATORY
OF BELGIUM

% OBSERVED/EXPECTED OBSERVATIONS

395d More » ;
Data repository maintained in the frame Of ROB'S Observed/expected observations (%) = Observed/expected observations (%) ;_U
. BRUXO00BEL - RINEX 2 BRUXO00BEL - RINEX 3 c'l.)
commitment as Central Bureau of the EUREF PO * | | =
|
Permanent GNSS Network (EPN) - 5 g E | i %
https://epncb.oma.be | < | |
I 1 i
e 3 | |
2 20 . = | |
o ‘ : L !
For eaCh RINEX flle : 001/2000 001/2005 7::'::I': - ‘I 20 il =" %
Dste i (@
0 0 . ol * GPS 2+ freq o GLO 2+ freq —_—
* Monitoring data availability, latency, and : oS zties S Guton D TERER L L ERENS 3
quality of daily GNSS data files -
NUMBER OF MISSING EPOCHS
* Verification of consistency of RINEX header Read More b o
with GNSS station description (site |Og) Number of missing epochs = Number of missing epochs Q
BRUXO00BEL - RINEX 2 BRUXO00BEL - RINEX 3 (@]
| foll | | { | Toll o I g
q q q W I | g | 1| oni I M
* Publication on EPN CB web site . 1130 : | R —
HEARE1IR B =
& il | | { I 1 |
e . R | | IR n
= Notifications to station Mmanagers af 1 | i z | 1] sner o 8
E PRl [ 1 E { 1| I
- 1.‘ PP e | 1 = { 1l eir e | N
o NI 1 I { 1 en [
b sit| deiled o, ' | BRI
| 253 r's i H ._* A
TOT TOT

GHENT
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Origin of the RINEX data files
OBSERVATORY
OF BELGIUM
>
2
Regional data Regional data Workflows of the EUREF Permanent GNSS network -
center 1 center 2 7
(RBCI) ez EUREF data flow based on the principle of redundancy (no single point
of failure)
GNSS stations send operationally their daily GNSS data to several data CE
centers =3
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

- No guarantee that regional data centers have the same data
A holdings...

O
(@]
—
(@)
o
@D
-
[
—_—
N
o
N
N

Historical data repository: ‘as-complete-as-possible’ archive
é of all GNSS data from EUREF stations by retrieving data from

8 / center
the EUREF data centers

ﬁ (1file/day/station)

GHENT
UNIVERSITY




Origin of the RINEX data files

Data repository populated gradually since 1996 with

- Operational data retrieved from the EUREF data centers
« To have complete archive: shopping around, scanning all the EUREF data centers
*  Most recent data (re)downloaded from EUREF data centers

«  BUT, info on which data center the data were downloaded from was not stored!

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

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

 Stored numerous flags indicating RINEX files that have a format issue

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

Content of associated databases at the beginning of FAIR-GNSS K

-
>
. i Py
Description of each GNSS station (M3G) R.IN!EX-depende_nt information for each ®
file in the repository (EPN CB) =
n
. Slte.log or GeodesyML format (all S —
stations)
S * RINEX format =
 Site pictures (all stations) ‘ » - &
S * File size 3
* DOI, data license (almost no y , -
. . . A * Date of observations
information available) Information
related to * Creation date of file o
GNSS station RINEX files Q
. o _ informati * Last update time of file S
Provided and maintained by the station iniormation 4 .. S
managers e * Data quality indicators =
1 | : N
“‘."'m -d N
o N

Computed and maintained by ROB

GHENT
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Download daily RINEX data from data repository

el
.6@(\‘\‘\6 S
'C“\\ @Kﬁ\
o5 e TODAY
Yo S
?.\\e(\
BRUXOOBEL WTZROODEU ACOROOESP
02/2021-012/2021 001/2021-010/2021 005/2021-010/2021
RINEX data files RINEX data files RINEX data files

The additional available information is not exploited!

It is on a web site ‘somewhere’...
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User feedback on GNSS data repository

TRUST & RELIABILITY

aty
“| gm not able to download the RINEX qat(;e How fre, Ons ome y,;
o psite and | am interested in the, eliate Y o, RINEX,
from your we ons in a given country. e the, s 1€V upg, . C0er
data from all the stations ina g ey Pdote doﬂo’/?coorol/note
S.
e
P
SEARCHING | S L?
“Co
tions Fdata-"” =1 C/O/ser
tatio Vie,
om EUREF StO== €bq
“| need data .fr OU‘3 observatlons 5 Seq/

providing BeD

How can I cite usage of the data?

DATA CITATION CONDITIONS OF USE
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Download RINEX data — o

OBSERVATORY
OF BELGIUM

Downloading daily RINEX data Downloading daily RINEX data =
TODAY FUTURE 7
=
&
BRUXOOBEL BRUXOOBEL
02/2021 -12/2021 02/2021-12/2021

$ $

RINEX data files

=
@
=
-
D
<

RINEX data files
+ —

@

Q

: >

Stat'lon—dep(?ndent Metadata should provide all info o

information users need to know about =

+ - downloaded data: =

RINEX-de pe ndent how to find the data, data license, where do B
. . the data come from, data quality metrics, data

information citation info

+ Search capabilities!

GHENT
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Download RINEX data — o

OBSERVATORY
OF BELGIUM

Downloading daily RINEX data Downloading daily RINEX data

TODAY FUTURE

BRRLIXONRE] RRLIXOORE]

Evolve towards application of FAIR data principles

SSNO-HIV4

=
@
=
-
D
<

o

+ — =

: =

Stat'lon—dep(?ndent Metadata should provide all info o

information users need to know about =

+ - downloaded data: =

RIN EX—dependent how to find the data, data license, where do B
. . the data come from, data quality metrics, data

information citation info

+ Search capabilities!
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Goal of this webinar - opsERvaTon

N

SSNO-HIV4

To take participants through our journey (...so far)
towards applying FAIR data principles

JENE

with no ambition “to know it all”
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...but hoping that our practical experience might be of some help
to those of you trying to do the same

GHENT
UNIVERSITY




Contents of the webinar

* Part 1 - GNSS data and the data repository

* Part 2 - Introduction to FAIR data principles

* Part 3 - The journey so far: FAIR for GNSS data

Where and how to start?

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data
Restructuring the data repository
Persistent identifiers for GNSS data

API| preparatory work

* Part 4 — Lessons learned and next steps
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Part 2 - Intro to FAIR data principles
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- FAIR data principles basics

SSNO-HIV4

- Data stewards as a catalyst for FAIR implementation

JENE

- FAIR as an investment for the future: European initiatives, CoreTrustSeal & FAIR
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Rationale for developing FAIR data principles

OBSERVATORY
OF BELGIUM

- Urgent need to improve the infrastructure supporting the reuse of research data

- Specific emphasis on enhancing the ability of machines to automatically find and
use the data, in addition to supporting its reuse by individuals

SSNO-HIV4

- The FAIR principles are a guideline to enhance the data reusability

JENE
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Wilkinson, M., Dumontier, M., Aalbersberg, |. et al. The FAIR Guiding Principles for scientific data management and stewardship.

Sci Data 3, 160018 (2016). https://doi.org/10.1038/sdata.2016.18 GHENT
UNIVERSITY



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

The ability of machines to automatically find
and use the data

Machine-readability and actionability to allow for the scope, scale and speed often
needed in contemporary science

. identify the type of object (with respect to both structure and intent)

. determine if it is useful within the context of the agent’s current task by

interrogating metadata and/or data elements

. determine if it is usable, with respect to license, consent, or other accessibility

or use constraints

. take appropriate action, in much the same manner that a human would
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-
FaR DATA TRINCIPLES =
— How DO Kou ° % r
S — ’E’Srj OPEN A .X2Q FUE. /HGRC %
At! o101 0! w/m ’ D &
— =
S
. 5

Access|BLE opeeARLE :

TiNDABLE = JNeece

220z ‘1| 18q0100

GHENT
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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

FAIR principles provide “steps along a path” toward machine-actionability

SSNO-HIV4

Adopting the FAIR principles, in whole or in part, leads the data along the continuum

towards the optimal state

JENE

Depends on the discipline and available tools to increase FAIRness

Goal: FAIR by design = planning
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FAIRness

e 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

</> S
<HS
e

I

Metadata
includes
provenance

UGent Data Stewards CC-BY-4.0

Machine
readable
metadata

000

|</>;="

(Meta)data
community
standards

(aNaNa
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Metadata describes the data

.
=
Metadata: data about data, a machine-readable and structured form of z
) . Q
documentation 7
FINDABLE
Rich metadata
with core
elements é
= &
[} =1
METADATA L
o CO
) P ——
s oOC
REUSABLE

Metadata
specifies data
content
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Metadata describes the data
>
o~
Q i ©
Metadata fields or Metadata values =
FINDABLE elements Vocabularies, ontologies, ISO standards ®
Title MY M —
= Creator ORCID %
[ e }
Description AMHAMAMAAAMAAI TR AR 2
~ Subject AR AR
- Date ISO-... o
(@]
Format M g
Metadata _a
Rights HHMHIA =
Related identifier TTTATATATRFEENE 1111 S

GHENT
UNIVERSITY
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Metadata describes the provenance of the data e
Metadata: data about data, a machine-readable and I
)\ %
L structured form of documentation Q
wn
Rich metadata 2
o =
C_) g
REUSABLE
S
WHAT WHO WHY
WHERE ~ WHEN  HOW GHENT

UNIVERSITY
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Metadata standards: community standards to
increase interoperability
z
2>
® : 2
Metadata fields or Metadata values =
FINDABLE elements Vocabularies, ontologies, ISO standards @
eomecie Title AN R _
= @nacie  Creator ORCID %
= oscie Description AR S R 2
~ Gomcie Subject ANCRNT TR
RE:S-;BLE owacre [ o g
eomcr  Format I -
communty eomcn  Rights T =
eomcn  Related identifier AR SRR (A S

[s¥aNa]
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Data standards to increase interoperability and
reusability

O
INTEROPERABLE

05/04/85

>
2
(D)
pa
n
7

Vocabularies &

ontologies
9 :
O
>
:
()
R O
el
REUSABLE o
O
D
(Meta)data 3
community -
standards -
S
°ee 1985-04-05
1945-04-05
1945-04-05

GHENT
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Data standards to increase interoperability and
reusability

{/@% GPS
satellites?
INTEROPERABLE

ROYAL
OBSERVATORY
OF BELGIUM

GPS
receiver?

>
2
(D)
=
n
7

Vocabularies & GPS
ontologies
A :
(0
=
-
METADATA NASA =
EarthData
(\ o J e )
> X —]
X S
REUSABLE S
o
(Meta)data C_D‘
community —_
standards =
=
EARTH REMOTE SENSING B

INSTRUMENTS>PASSIVE REMOTE
T SENSING>POSITIONING/NAVIGATION
>GPS>GPS RECEIVERS

GHENT
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Metadata standards: examples — o

OBSERVATORY
OF BELGIUM

Domain-specific standards:

Domain-agnostic standards: Darwin Core, Data Documentation

-
DataCite, Dublin Core, DCAT, etc. Initiative (DDI), Ecological Metadata =
Language, Persistent Identification of GZ>
\ Instruments (PIDINST), etc. 7
FINDABLE
Rich'metadata
e >
= @ Datacie Title A S Title TR =4
= @ Datacie  Creator (TR Creator (TR =
(Dataie  Description AAAAAARARATE AORC O Darvin Core OFEANISM (AR O A
O @ Dataie  Subject (AR AR parsin core Geological Context [{NHNNI HNHHANN 5
@osacie | Date AR 2000 Assresationvetnod [N S
REUSABLE & oatacitc TR ““““ LEEO SamplingProcedure ““““ %
Community o oataci JIVRIE (I B mstrumentryoe [N N
sts @oatocie  Related identifier [[INIMHMAMHNNN SAAARARA AR @8]  measuredvariabe NN AANAAHI AR B
N

GHENT
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Data Catalog Vocabulary (DCAT)

W3C vocabulary to facilitate interoperability between data catalogs

/»{?‘:2 Ty

>
2
(D)
=
n
7

deat:contactPoint
deatkeyword
2P

INTEROPERABLE - |
dcatitheme
det:publisher dct:conformsTo

deatiRelationship

det:conformsTo

Vocabularies & i ORI scatnadrols

I 1 |scriskererenceasy e
ontologies faaf:primaryTopic —=>| detissued é
g detlanguage
deatiCatalog e detlicense
TERTE I dermodified ke dctretation ()
deaticatalog 1 7| st pumisher
Sriataes: " |detrelation O
cat:recor —
detrights
deatiservice deatrecord dettitle
deat themeTazonomy e >
foathomepags prov:qualifiedatzribution| =1
art
deatdistribution
deatremparalResolution
deraccrualPeriodicity deat:dataset.
detspatial 0.*
Lafmmreel L dearcatalog deatiDataset
provawasGenerateddy
deatResource ‘ deatdistribution
0.s
deatkeyword o
"~ dest:landingPags deracerualPeriodicity deatservesDataset
deat:qualifisdRelation derspatial ~dcotResource (@)
deat:thema dertemporal deatcontactPoint —
dcatkeyword o
REUSABLE der:canformsTo Jcat:Resource deat:lzndingPage
der:creator deat:contactPaint deat:qualifiedRelation O‘
detdescription deatkeyword deattheme
devidentifier deatlandingPags detccessRizhts (¢»)
detisReferencedsy deat-qualifiedRalation detconformsTo -
detissued N deatthame dercreator
deatdistribution
(Meta)data setansueee o secaesenpton N
. detlicanse o. ° dentifier
commur”ty dcmodified detcreator sReferencedsy —_
detpublisher istributi ssued -
detrelation = detidentifier detlanguage
standards s pr— s ey N
dettitle Teme=dill e dctmodified
o carbyiize = o
odrl:hasPolicy ormat det-license detorelation I\)
dctmodifiad actrights
det:publizhar gettitle N
© O O deatipackageFormat i e
o O o deat:spatialResolutioninMeters o odrl:hasPolicy
delErr e T prov-qualifiedAttribution
deraccassRights :
detconformsTo crype
odrl:hasPolicy 0.
derdescription Yoo
e provgua riution
derissued N
detlicense deat:servesDataser
decmodified
detirights
dettitle

odrl:hasPalicy

https://www.w3.orq/TR/vocab-dcat-2

GHENT
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https://www.w3.org/TR/vocab-dcat-2/
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DCAT Application Profile (DCAT-AP) wxwx
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to develop a suitable metadata schema

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

SSNO-HIV4

a particular application

Include relevant metadata elements, exclude others

JENE

Combine metadata elements from multiple vocabularies

Extend existing vocabularies or application profiles with domain-specific metadata

elements
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Define mandatory, recommended and optional metadata elements

https://joinup.ec.europa.eu/collection/semantic-interoperability-community-semic/solution/dcat-application-profile-data-portals-europe/release/211 EJII;IIIIE\II\lETR SITY



https://joinup.ec.europa.eu/collection/semantic-interoperability-community-semic/solution/dcat-application-profile-data-portals-europe/release/211

*

*********

Exposing (meta)data o
 How/where can the (meta)data be accessed? .
smou * How can data be transmitted? Communication protocol (e.g. https, ftp) 2
vachine * How can the (meta)data be read? Standard (meta)data formats, API &

readable

metadsta * Who can access the data? Authentication and authorization + access level

| /> °=,=’»|

— metadata =
S
>
N =

ACCESSIBLE

METADATA

Metadata has RESTful C'C>)
access level & PRPIPY 0 C— 6._
conditions Py —) g
@ AP o> 2
1% =
N
Stand.ard_ 8
communication N

protocol
s

Example of machine access: REST-API service with
JSON response

GHENT
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Exposing metadata
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Metadata is offered in such a way that it can be retrieved by machines,
FINDABLE e, exposed or provided in a standard and machine-readable format.

SSNO-HIV4

Machine
readable
metadata

(=] - Metadata harvesting protocols (e.g., via OAI-PMH)

JENE

- Web services
&
accessiete © Embedded as structured data on a data page for use by web search engines

communication ° LlnkEd (Open) data

protocol
s
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OpenAlRE guideli level N
pen gulaelines on aCcess ievels ROVAL
OBSERVATORY
OF BELGIUM
41.DC Field
-n
dc:rights j_>
2
©
4.2. Usage )
(@)
)
Mandatory
ACCESSIBLE =
Metadata has 4 3. Usage Instruction )
access level & =1
conditions Q
M Use terms from the info:eu-repo-Access-Terms vocabulary . The values are: N
L&
® info:eu-repo/semantics/closedAccess O
® info:eu-repo/semantics/embargoedAccess go-
® info:eu-repo/semantics/restrictedAccess g
e
® info:eu-repo/semantics/openAccess :
N
N
4.4. Example NS
1 <dc:rights>info:eu-repo/semantics/openAccess</dc:rights>

https://quidelines.openaire.eu/en/latest/literature/field accesslevel.html

https://wiki.surfnet.nl/display/standards/info-eu-repo/#infoeurepo-AccessRights BHF\I,\' ETRSITY



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 —

OBSERVATORY
OF BELGIUM

. |Identifier Globally unique identifier (guid, uuid) | Persistent identifier (PID) £
What a name that identifies a ensures that there are no two identical ensures that the digital object will remain GZ>
unique object identifiers that point to different digital findable over time and reduces the risk of 2
gene identifier ENSGO0000139618 ObjECtS broken links
book identlfier1SBN 817525766-0 12304567-e89b-12d3-a456-426614174000
=
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
@)
S
Examples of globally unique, persistent identifiers %
v Vv =
® O]
Identifier: d R N
A A ™
. . _ vwv
Organisation: @ DataCite ROR:
Scope: Digital objects Researchers Research organisations 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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https://doi.org/10.1594/PANGAEA.928079
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License as metadata to indicate how data can be —o
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OF BELGIUM
re_ U Se d Permissions Conditions
4 4

>

i e

3 @

Licenses are a means for owners of rights (in datasets) to grant ] @ é
permission(s) @ @@

BY

O - Define what can and cannot be done with data in a clear way @
REUSABLE - Licenses are not automatically assigned s @@@
includes

No license = no re-use possible 5 A
license o @8@@
@ * Creative Commons Licenses grant permissions under certain @@@@

=
@
=
-
)
<

Metadata

®

o
Q

conditions: @@@ S
* Attribution (BY): give proper credit to the original creator = B
* Copyleft (Share Alike): license the new (derived) creations under = @@@@ ™
the identical terms (same license). A A N

* Non-commerciality: to prevent the new (derived) work to be @‘E
commercially exploited. ¢

* Non-derivatives: no adaptations can be made.

GHENT
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Metadata in repositories — o

OBSERVATORY
OF BELGIUM

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

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

Metadata record only Link file

>
2
(D)
=
n
7

Title Tips

Untitled ltem Use this form to edit all

* Provide services to create & manage e e

data. Please be as descriptive

Autnors ible. The file upload | =
as possible. The file upload is
meta data independent from the rest of ()
the form, so you don't need to %—
save an upload. This message Q
Categories will be replaced with helpful -
° 1 HIH 1 Select categories tips and suggestions as you
Typ I Ca | |yl by fl I I I ng a fo rm Wlth begin interacting with the form.
. . Item type
| -
P re d efl ne d fl e I d S Select item type Preview item (private)
m I_ t f t I I d t t h f Edit timeline
Ists of controlled terms to choose from Keyword(s) s

1327

(e.g. standard licenses)

Description

220z ‘1| 18q0100

* Metadata adheres to a specific metadata
standard (interoperability)

GHENT
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Metadata schema in a landing page of a repository

0]

= STRUCTURED

e DATA .
Image Source: Wordlift

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

<link rel="schema.DC" href="hittp://purl.org/dc/elements/1.1/" />

<link rel="schema.DCTERMS" href="http://purl.org/dc/terms/" />

<meta name="DC.title"™ content="EPMA data from tephra layer in IODP 374 Expedition Site U1524" />
<m=ta name="DC.creator” content="Di Roberto, Ales=sia™ /»

<meta name="DC.creator” content="Scateni, Bianca" /»

<meta name="DC.creator” content="Di Vincenzo, Gianfranco" />

<m=ta name="DC.creator” content="Petrelli, Maurizio™ /»

<m=ta name="DC.creator” content="Fisauli, G" />

<meta name="DC.creator” content="Barker, 5 1" />
<meta name="DC.creator” content="Del Carlo, Pacla" />
<meta name="DC.creator” content="Colleoni, Florence" />

<meta name="DC.creator” content="Kulhanek, D K" />

<meta name="DC.creator” content="McKay, Robert M" />

<meta name="DC.creator” content="de Santis, Laura” />

<meta name="DC.creator"” content="The IODP Expedition 374 Scientific Party" />

<meta name="DC.publisher" content="PANGRAEA" />

<meta name="DC.date"” content="2821-87-85" scheme="DCTERMS.W3CDTF" />

<meta name="DC.type" content="Dataset" />

<meta name="DC.language" content="en" scheme="DCTERMS.RFC3@66" />

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

<meta name="DC.identifier"” content="https://doi.org/18.15094/PANGAEA.333364" scheme="DCTERMS.URI™ />

<meta name="DC.rights" schems="DCTERMS.URI" content="info:eu-repo/semantics/openfccess™ />

<meta name="DC.format" content="application/zip, 2 datasets" /:

<m=ta name="DC.relation” content="Di Roberto, Aleszio; Scateni, Bianca; Di Vincenzo, Gianfranco; Petrelli, Maurizio;
<!--END: Dublin Core description-->
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https://wordlift.io/blog/en/entity/structured-data/

Data steward support in FAIRification process

Explore

Understand the FAIR
terminology

Understand current gaps in
data management

Which data is in scope?

Which users and use cases are
in scope?

Develop expertise and skills or
involve skilled people

Set FAIRness goals to reach impact
on reusability

Explore existing repositories,
standards and terminology in the
field

Engage with community to
evolve to a “real” standard

Be pragmatic, implement what
you can now, extend later

Technical implementation is not
easy! Involve experts or use
technology that is known

Keep an eye on the evolution of
certification and/or
interoperability requirements
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Trusted, FAIR-enabling and certified data repositories Bz

TRUST principles: a set of guiding principles to demonstrate digital repository
trustworthiness

SSNO-HIV4

* Transparency, Responsibility, User focus, Sustainability and Technology

FAIR metrics: FAIR assessment of Research Data Objects
* e.g. FAIRsFAIR metrics

JENE

Certification:

* e.g Core Trust Seal certification
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Trusted or trustworthy repositories

& FAIRSFAIR 7o} F-UJI

chchchchchch g Fair Data Practices in Europe
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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 — o

OBSERVATORY
OF BELGIUM

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

! — \ a1
i o @;ﬁ) <=5 i * (One-stop shop to query multiple, diverse data sources %
: = (B’ o O) i . -
N e e @ i increasing visibility and re-use of data 523
E ‘ i « Uniform and stable data access A
| = C== |« Increased interoperability between datasets
=
&
& & & & 8

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

Distributed investment and operating cost
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Contents of the webinar

* PART 1 - GNSS data and the data repository

*  PART 2 - Introduction to FAIR data principles

* PART 3 - The journey so far: FAIR for GNSS data

Where and how to start?

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data
Restructuring the data repository
Persistent identifiers for GNSS data

API| preparatory work

* PART 4 - Lessons learned and next steps
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PART 3 - The journey so far: FAIR for GNSS data
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Contents of the webinar

* Part 1 - GNSS data and the data repository

* Part 2 - Introduction to FAIR data principles

* Part 3 - The journey so far: FAIR for GNSS data

Where and how to start?

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data
Restructuring the data repository
Persistent identifiers for GNSS data

API| preparatory work

* Part 4 — Lessons learned and next steps
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A possible journey towards FAIR:
where and how to start?

W0y
N &
= FAIR
P 4

/\‘\’ With the help of the data stewards

at University of Ghent
we started to understand:

e what FAIR principles are about

* related key concepts and terminology
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A possible journey towards FAIR: ook

ROYAL
OBSERVATORY

where and how to start?

Start by looking at plenty of

O | ’, FAIR implementation initiatives... -
- 5
into reality 7

GOVP‘\P‘

IS
% 4/'?‘9/7 %
ar/}?g o.
.O/.g §
enRSFAT

®)
Q._
&
DANs =
(DataA,- - =
et Chlv’ng an ™
Wwor d Sep; d o
erVICes) B

...but applications depends upon the types
of data, so how do we tackle the problem

for our type of data? GHENT
UNIVERSITY
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Where we started

We identified some of the most relevant initiatives,
including those within the earth science and geodetic

community... /\‘\’

 EU “Turning FAIR into reality” (2018) & “TRUST
principles for digital repositories” (2020)

SSNO-HIV4

JENE

e “Perspectives on the Implementation of FAIR
Principles in Solid Earth Research

i

s

Infrastructure” Bailo et al. (2020) -
y

*  “From Conceptualization to Implementation:
FAIR Assessment of Research Data Objects”
Devaraju et al. (2021)
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e  “Ensuring Access to Precise Positioning by
Improving Geodetic Standards” FrontierSl| _
GHENT
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/

How we started

We identified some of the most relevant initiatives,
including those within the earth science and geodetic
community...

EU “Turning FAIR into reality” (2018) & ”TRUST\
principles for digital repositories” (2020)

“Perspectives on the Implementation of FAIR
Principles in Solid Earth Research
Infrastructure” Bailo et al. (2020)

“From Conceptualization to Implementation:
FAIR Assessment of Research Data Objects”
Devaraju et al. (2021)

“Ensuring Access to Precise Positioning by
Improving Geodetic Standards” FrontierSl|

)

<

report (2019)

*
L 0.0 0 & ¢
* %k K Kk

ROYAL
OBSERVATORY
OF BELGIUM

...we extracted some useful and inspirational
approaches:

SSNO-HIV4

/~ Data as FAIR data objects and data repository
as part of the FAIR ecosystem and moving
towards becoming a trustworthy data
repository

JENE

Work plan focus on:
»= data & metadata 2>
= data access 2
= data visualization & products
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FAIR data principles applied to, and assessed at, ===

: A0
\ each stage of the research data lifecycle T
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Download GNSS data pholalaly
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Downloading daily RINEX data Downloading daily RINEX data g
TODAY FUTURE 7
=
&
BRUXOOBEL BRUXOOBEL
02/2021 -12/2021 02/2021 - 12/2021
:
D
‘ ‘ o
>
)
RINEX data files
RINEX data files

o
+ S
. - =
Station-dependent Metadata should provide all info @
'nforTat'on users need to know about =
= NS
downloaded data: S
RII\!E:c(—depe.ndent data license, where do the data come from, ™

Information ) data quality metrics, data citation info

+ Search capabilities!

GHENT
UNIVERSITY
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From FAIR guidelines... Aok

ROYAL
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to a practical approach for GNSS data

GHENT
- Ap oo T ) UNIVERSITY

Downloading daily RINEX data Downloading daily RINEX data =
TODAY FUTURE 2
=
&
BRUXOOBEL BRUXOOBEL
02/2021 - 12/2021 02/2021 - 12/2021
=
&
‘ ‘ GNSS data as FAIR Data Object: =1
N ([ =
l_r________________________________T_l N
RINEX data files : I I * Rich metadata including link to site log,
I | L license, provenance info, data quality o
| : RINEX data files : : metrics, ... g..
. + o 3
| Station-dependent L . . . o~
i | »  Citable GNSS data via PID i.e. DOI =
Focus first or;‘GNStS ga:a : : information : : >< s
metadata 1, + - N
| I RINEX-dependent (I *  GNSS data are searchable and accessible
I : e et : : and reusable by both humans and machines
: I [
I I [
I I
I
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0. 0.0 & ¢
FAIR-GNSS approach and FAIR by
p p ROYAL
OBSERVATORY
OF BELGIUM
GNSS data Persistent Rich metadata Metadata Machine
. identifiers with core includes PID readable
as FAIR Data Object (PIDs) elements D) metadata
——————————————————— \ m o ¥ T
———————————————— . = : =2 BE
— =)
' I FINDABLE = = kS 3
| 1 %3
I i |
| RINEX data files 1 Metadata has Standard %
+ access level & communication
I . I @ conditions protocol
I Station-dependent I A e
: information i X 0 =
: N : | ACCESSIBLE = ] )
I =3
' RINEX-dependent I _ L
| . . 1 Vocabularies &
| information L Y ontologies
| ) O
! | S
L e e - . PID/DOI - ! INTEROPERABLE S
- APl rm—m—m———— - o - ' ) o}
Metadata Metadata Metadata (Meta)data =
specifies data includes license includes community O]
(.\ content provenance standards 8
" NS

REUSABLE @ E é

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

GHENT
UNIVERSITY




Assess where we stand with
respect to FAIR principles

Retrieve missing info &
restructure databases accordingly

Assign DOI to data, identify
relevant info to include in the DOI
metadata

FAIR-GNSS approach:
work plan

Gap-analysis

8-

|dentified ‘

what info is missing

g

DOI for GNSS data

API for HDC

Data portal

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

Identify relevant metadata &
suitable metadata schema(s)

Machine-operable access to
GNSS data &metadata for
searching/downloading
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FAIR-GNSS approach to FAIR data implementation ****
Summary

OF BELGIUM

We identified a methodology:

SSNO-HIV4

* Turn GNSS data into FAIR Data Object:

 attach rich metadata (provenance info, license, link to site log,...)
* make them citable by attaching PID i.e. DOI

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

JENE

* Focus first on data & metadata, then on data access
* GNSS data repository as part of the FAIR ecosystem: trustworthy & FAIR-enabling repository

* ... last, but not least: assess level of FAIRness at multiple stages
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Coming up next:
How do we stand w.r.t. FAIR data principles?
FAIR assessment of our data a.k.a. a gap analysis
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Contents of the webinar

*  PART 1 - Introduction to FAIR data principles

* PART 2 - The journey so far: FAIR for GNSS data

Where and how to start?

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data
Restructuring the data repository
Persistent identifiers for GNSS data

API preparatory work

* PART 3 - Lessons learned and next steps
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Gap analysis aka FAIR assessment

iy
~ P
FAIR as a scale: = FAIR plenty of FAIR assessment tools
where do we stand? s

R et e

ARt

F-UJI by
FAIRSFAIR
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Self-assess awareness with respect to FAIR:

the FAIR Aware questionnaire

We get some more in depth info...

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?

1. Are you aware that a data(set) should be assigned a globally
unique persistent and resolvable identifier when deposited with a
data repository?

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
Identifier (DONF', Handle[", and Archival Resource Key (ARK)H"

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?
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https://fairaware.dans.knaw.nl/
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Self-assess awareness with respect to FAIR: o
the FAIR Aware questionnaire

OF BELGIUM

We get some more in depth info... And we get some first results...

FAIR questions @@ @ FAI R ri A NS |
https://fairaware.dans.knaw.nl/

>
2
(D)
=
n
7

1. Are you aware that a data(set) should be assigned a globally unigue O Yes Thank you for your partlclpatlon! =

persistent and resolvable identifier when deposited with a data O No ')

repository? %-

2. Are you aware that when you deposit a data(set) in a data repository O Y A 2
- ; es .
you will need to provide discovery metadata in order to make the O Mo wareness.

data(set) findable, understandable and reusable to others? H
igh (10/10)

3. Are you aware that the data repository providing access to your () Yes o

data(set) should make the metadata describing your data(set) available ) No o

in a format readable by machines as well as humans? Wi”ingness tO Comply' g:

High (46/50 -

[

ACCESSIBLE Ig ( ) —_

N

4. Are you aware that access to your data(set) may need to be O Yes o

controlled and that metadata should include licence information under O No If you would like to view a summary of your responses, click here B

which the data(set) can be reused?
Summary of your responses:

5. Are you aware that metadata should remain available over time, even O Yes
if the data(set) is no longer accessible? () No

About you O

Which research domain do you Domain~ Geophysics and Geodesy
work in?

—
UNIVERSITY



https://fairaware.dans.knaw.nl/
https://fairaware.dans.knaw.nl/
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Self-assess “compliance” with respect to FAIR: o
the FAIR Aware questionnaire

OF BELGIUM

..and we can already
identify some first issues in
S— our data wrt FAIR...

@ FAIR DA N S | INTEROPERABLE )

https://fairaware.dans.knaw.nl/ 6. the metadata describing your
datasets should use semantic

>
2
(D)
=
n
7

Thank you for your participation!

vocabularies .
* lack of community- §
_ R REUSABLE agreed metadata ~3
Awareness: i =
8. metadata describing your data standards
High (10/10) should follow the specifications of
a community-endorsed standard > . lack of provenance CC))
Willingness to comply: ) ) . . S
7. provenance information about information S
High (46/50) the collection and/or generation of ;
data should be included in the . K
* need for richer =
If you would like to view a summary of your responses, click here metadata t d t §
metaaala
Summary of your responses: 10. maintaining your dataset FAIR
over time requires professional
Apout you 9_ _ _ data curation and preservation y,
Which research domain do you Domain~ Geophysics and Geodesy

waork in?

GHENT
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https://fairaware.dans.knaw.nl/
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Checklist to FAIR assess data in repositories: ety

ROYAL

the FAIRSFAIR metrics Ty

m FAIRSFAIR metrics:

Fostering Fair Data Practices in Europe

* amanual checklist

SSNO-HIV4

* assess the level of FAIRness of research data objects in trustworthy data repositories

* is aset of 15 criteria based on:

=
D
O
)
Q
b

= “Turning FAIR into reality” recommendations

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

m @)

(@)

u RESEARCHMTAME FAIR Data Maturity Model Specification and Guidelines Recommendation of the %

FAIR Data Maturity Model WG B
P L : : . CORE :

= Work on FAIR certification of repositories, aligned with CoreTrustSeal requirements S‘EAL | §

N

“From Conceptualization to Implementation: FAIR Assessment of Research Data Objects” Devaraju et al. (2021) GHENT

UNIVERSITY


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 FAIRSFAIR metrics

(XY FAIRSFAIR metrics:

* amanual checklist

* assess the level of FAIRness of research data objects in trustworthy data repositories

* is aset of 15 criteria based on:

“Turning FAI — R
FAIRSFAIR object metric

RDA FAIR data maturity model

CoreTrustSeal Alignment

Feedback fr¢—————

Data is assigned a globally
@ > unigue identifier.

RESEARCH DATA ALLIANCE

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

FAIR Data M | FsF-F1-02D

Data is assigned a persistent
Work on FAI | identifier.

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

“From Conceptualization to Implementation: FAIR Assessment of Research Data Objects” Devaraju et al. (2021)

ties

dation of the

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

FAIRSFAIR metrics and FAIR data principles

Q

N

FINDABLE

]
ACCESSIBLE
Bo

INTEROPERABLE

(D

R~

REUSABLE

FsF-F1-01D & 02D

Persistent

identifiers (PIDs)

FsF-A1-01M

Metadata has
access level &
conditions

FsF-11-01M

Metadata in
formal KR
language

1)

JSON

FsF-R1-01MD

Metadata
specifies data
content

FsF-F2-01M

Rich metadata
with core
elements

(=
—
[ e

FsF-A1-02M & 03D

Standard
communication
protocol

-
A

(!)E
FsF-11-02M

Vocabularies &
ontologies

0

FsF-R1.1-01M

Metadata
includes license

®

FsF-F3-01M

Metadata
includes PID

1D

FsF-A2-01M

Metadata is
always available

CO

FsF-13-01M

Linked
metadata

s

> S

~.
opo

/>

FsF-R1.2-01M

Metadata
includes
provenance

FSF-F4-01M

Machine
readable
metadata

|</>‘;,="

FsF-R1.3-01M & 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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Apply FAIRSFAIR metrics to GNSS data: labks
data inventory of the GNSS data stored in the HDC

OBSERVATORY
OF BELGIUM

SSNO-HIV4

What kind of information about our data do we store?

Where does it come from? From a file?

JENE

Where is it stored? In which database?

@&xd e
How reliable is this information? n
@D

Could we extract additional relevant information about our data?
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Apply FAIRSFAIR metrics to GNSS data:

data inventory of the GNSS data stored in the HDC

inventory attribute

title

file type

file type - versions
file size

md5/shal checksum
identifier
distribution

frequency

sampling rate

version

creator

contributor

publisher

description inventory value source

name given to the resource RINEX file name RINEX file

RINEX version RINEX file

file format - version RINEX file
DB

DB (for some)

An unambiguous reference to the resource
within a given context.

Link to (storage/download location of) the
data file (hourly/daily RINEX file)

rate at which something recurs Type of
RINEX (daily or hourly) -

permanent ID, landing page -
FTP link retrievable from DB
only daily data RINEX file (nominal)/DB

Typically 30 sec/Hz for the daily observation,

but it can be 1 sec or 15 sec. 30 sec by default RINEX file/DB
Changes to the file(s) DB

. data owner in site log (S12) 3
Creator: data owner (ROR ID if available) M°G
A secondary contributor: point of contact point of co(gtflc)t in site log m3G
Publisher ROB -

DB columns
names

filename

rinex_format

rinex_version

filesize

checksum_md5
checksum_shal

url

fileversion

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
incremented at each update of
the file

varchar(30)

Type changed in Header
RINEX_VERSION
RINEX_TYPE
MARKER_NAME
MARKER_NUMBER
RECEIVER_SN
RECEIVER_TYPE
RECEIVER_VERS

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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Apply FAIRSFAIR metrics to GNSS data:

data inventory of the GNSS data stored in the HDC

inventory attribute

title

file type

file type - versions
file size

md5/shal checksum
identifier
distribution

frequency

sampling rate

version

creator

contributor

publisher

. . DB columns DB columns
descrlptlon inventory value source
names values data type
name given to the resource RINEX file name RINEX file filename varchar(60)
char(2)
RINEX version RINEX file rinex_format 2: RINEX 2

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

file format varchar(5)
int
o . . char(32)
| Essential task, but very time consuming! char(40)
An unambi
within a giv )
:jl:tlztf(ijlésfr? varchar(200)
rate at whi
RINEX (dail .
sl 3 Effort from the whole team: trace all source
butitcank . H
of information
smallint
Changes to nented at each update of
the file
Creator: de -
A secondary contributor: point of contact point of co(nstflc)t in site log M3G - -
Publisher ROB - - -
varchar(30)

Type changed in Header
RINEX_VERSION
RINEX_TYPE
MARKER_NAME
MARKER_NUMBER
RECEIVER_SN
RECEIVER_TYPE
RECEIVER_VERS

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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Apply FAIRSFAIR metrics to the HDC GNSS data

Q

N

FINDABLE

@“g)

ACCESSIBLE

Bio

INTEROPERABLE

(D

R

REUSABLE

FsF-F1-01D & 02D

Persistent
identifiers (PIDs)

FSF-A1-01M

Metadata has
access level &
conditions

FsF-11-01M

Metadata in
formal KR
language

1)

JSON

FsF-R1-01TMD

Metadata
specifies data
content

P

S0

FsF-F2-01M

Rich metadata
with core
elements

Q
=
| e

FsF-A1-02M & 03D

Standard
communication
protocol

-
A

L)
5
FsF-11-02M

Vocabularies &
ontologies

o

FsF-R1.1-01M

Metadata
includes license

®

FsF-F3-01M

Metadata
includes PID

1D g

FsF-A2-01M

Metadata is
always available

O

FsF-13-01M

Linked
metadata

FsF-R1.2-01M

Metadata
includes
provenance

FSF-F4-01M

Machine
readable
metadata

< E]

FsF-R1.3-01M & 02D

(Meta)data
community
standards

(afala)
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Apply FAIRSFAIR metrics to the HDC GNSS data:
an example

Metric

Identifier Name

FsF-F1-01D

FsF-F1-02D

Datais
assigned a
globally
unique
identifier.

Datais

assigned a
persistent
identifier.

Requirement(s)

a) Data identifier (IR,
URL)

b) List of globally
unique identifier
schemes

a) Data identifier (IR,
URL)

b) Landing page of the
identifier

c) List of commonly
accepted persistent
identifiers for data

Assessment

Method(s)

Check if the identifier is specified based
on a globally unique identifier scheme.

Check if the data identifier specified is
based on a commonly accepted persistent
identifier scheme, and it resolves to a
landing page with metadata containing
further information on how to access the
data object. Note that this assessment
method follows the current best practice
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 naming
convention that is also accepted by the
GNSS community. The RINEX 3 file name is a
unique identifier for GNSS data. Depending
on the Data repository every rinex data has
a URI. Schema for the daily data: <data-
repository>/<year>/<doy>/<conventional-
rinex-name>.Z

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

Not adopted
Partially adopted ©\
Adopted

FINDABLE

N
ACCESSIBLE

i)
%

i

INTEROPERABLE

(D

L

REUSABLE

FsF-F1-01D & 02D

Persistent
identifiers (PIDs)

FsSF-A1-01M

Metadata has
access level &
conditions

FsF-11-01M

Metadata in
formal KR
language

1)

JSON

FSF-R1-0TMD

Metadata
specifies data
content

FsF-F2-01M

Rich metadata
with core
elements

Q
—
| e

FsF-A1-02M & 03D

Standard
communication
protocol

-0-
A

N\
-0-

FsF-11-02M

Vocabularies &
ontologies

o

FsF-R1.1-01M

Metadata
includes license

®

FsF-F3-01M

Metadata
includes PID

1D

FsF-A2-01M

Metadata is
always available

O

FsF-13-01M

Linked
metadata

<> S
——

HE

FsF-R1.2-01M

Metadata
includes
provenance

FSF-F4-01M

Machine
readable
metadata

<]

FsF-R1.3-01M & 02D

(Meta)data
community
standards

(afala
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FAIRSFAIR metrics to the HDC GNSS data: pholalaly

ROYAL
: . OBSERVATORY
Irst results overview
FsF-F1-01D & 02D FsF-F2-01M FsF-F3-01M FsF-F4-01M
Not adopted _ Persistent Rich metadata Metadata Machine -
identifiers (PIDs) with core includes PID readable =
Partiallv adobted elements m metadata >y
artially adopte e 1
s . D = ": ©H -
= 1S )
Adopted FINDABLE | e p— l_, Z
FsF-A1-01M FsF-A1-02M & 03D FsF-A2-01M

» FAIRsFAIR metrics allows to monitor progress

=
()
O
)
Q
©

toward FAIR throughout the project

)
......................... - e Q
{8y formal KR ontologies metadata 8—
Iy language @
<> S —
{:P [ ¢S -
N
INTEROPERABLE JSON IHE 8
N
FsF-R1-01TMD FsF-R1.1-01M FsF-R1.2-01M FsF-R1.3-01M & 02D

Metadata Metadata Metadata (Meta)data

specifies data includes license includes community

(. \ content provenance standards

- ® &
D= i 5 & &
REUSABLE < AAA GHENT
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Gap analysis: where do we stand wrt FAIR? fahaheh

ROYAL
OBSERVATORY

S u m m a ry OF BELGIUM

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

* Self-assessed awareness wrt FAIR via the FAIR Aware questionnaire

SSNO-HIV4

* Applied the FAIRSFAIR metrics to our GNSS data:

* Performed a complete data inventory of the HDC repository as a preliminary step

* First evaluation of the FAIRness of the GNSS data stored in the HDC: missing permanent identifiers, provenance
information metadata, license ..

=
D
(=3
)
Q
b

Coming up next, after the coffee break:
Put theory into practice: start by attaching metadata to our GNSS data

o
L
(@]
3
RINEX data files =
+ R
Station-dependent §
information
+
RINEX-dependent
information
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Coffee break
Reconvene @ 15:50 GMT+2
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Contents of the webinar

* Part 1 - GNSS data and the data repository

* Part 2 - Introduction to FAIR data principles

* Part 3 - The journey so far: FAIR for GNSS data

Where and how to start?

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data
Restructuring the data repository
Persistent identifiers for GNSS data

API| preparatory work

* Part 4 — Lessons learned and next steps
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Metadata for GNSS data =

OBSERVATORY
OF BELGIUM

FAIR-GNSS methodology ...start by answering some questions

SSNO-HIV4

RINEX data files
+
Station-dependent

information
+

RINEX-dependent
information
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ROYAL
OBSERVATORY
OF BELGIUM

Which information to provide as metadata?

Choice of additional information to be provided as metadata based on:

. . a1
user requests when FAIR data principles e
searching/downloading GNSS data (data usage conditions, data provenance, standardization, ... S
P
FsF-F1-01D & 02D FsF-F2-01M FsF-F4-01M %
Persistent Rich metadata Machine
identifiers with core readable
(PIDs) elements metadata
o T m——
D = @ 5
FINDABLE o
FsF-A1-01M §
Metadata has
@ access level &
g' > conditions
A O
ACCESSIBLE L9 S
o
FsF-11-02M C_D‘
Vocabularies & RN
Py ontologies =
G N
o
N
INTEROPERAB ﬁuﬁ N
LE
FsF-R1.1-01M FsF-R1.2-01M FsF-R1.3-01M & 02D
Metadata Metadata (Meta)data
includes license includes community
(.\ provenance standards
e @ =2 o
REUSABLE =€ el
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Which information to provide as metadata?

Selected information based on user perspective

e

,~
2 | /

Station-dependent metadata
All info currently stored in the site log
DOI (Digital Object Identifier) - necessary to cite data owner when using the station data
License info - providing conditions of use
Provenance info (e.g. changes occurred to the site log after submission to M3G)
Precise station coordinates (including their reference frame)
RINEX-dependent metadata
Link (url) to the RINEX file
Link to the station-specific metadata file (via PID/DOI)
MD5/SHA1 checksum
Access and re-use conditions to the files (open or not, data license, embargo period)

Sampling rate (typically 30-second for daily observations, but it can be 1-second 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 GeodesyMlL or site log)

Changes made to the original RINEX file(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 Bureau)

RINEX data files
+
Station-dependent

information
+

RINEX-dependent
information

2

RINEX data files
+
Station-dependent
metadata: station

description, license, data

citation info, ...
+
RINEX-dependent

metadata: provenance, link
to site log, data quality, ..
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Station- & RINEX-dependent metadata

Station-dependent metadata:

Station description/site log, data license,
data citation info (DOI), ...

Optionally: GNSS network to which station
contributes, provenance info, individual

antenna calibration, ETRS89 coordinates, ...

Proposal for
station-dependent metadata

-------
[ ",

llllllll

RINEX data files
+
Station-dependent
metadata
+

RINEX-dependent
metadata

. RINEX-dependent metadata (i.e. created
. on-the-fly upon data download):

* Data identifier, repository, creation &
« publication date, data license, summary
. and keywords,

* Optionally: quality check results, MD5, file
= size, ...

Proposal for
RINEX-dependent metadata
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Station- & RINEX-dependent metadata

Station-dependent metadata:

Station description/site log, data license,
data citation info (DOI), ...

Optionally: GNSS network to which station
contributes, provenance info, individual

antenna calibration, ETRS89 coordinates, ...

Proposal for
station-dependent metadata

-------
[ ",

llllllll

RINEX data files
+

Station-dependent
metadata

+

RINEX-dependent
metadata

. RINEX-dependent metadata (i.e. created
. on-the-fly upon data download):

* Data identifier, repository, creation &
« publication date, data license, summary
. and keywords,

* Optionally: quality check results, MD5, file
= size, ...

Proposal for
RINEX-dependent metadata

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

ROYAL
OBSERVATORY
OF BELGIUM

SSNO-HIV4

JENE

O
Q
—
o
o
(9
-
[
—_—
N
o
N
N

GHENT
UNIVERSITY




*
% % %k Kk Kk

Station-dependent metadata: e

ROYAL
OBSERVATORY

which metadata standard?

Choice of metadata schema(s) based on:

SSNO-HIV4

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

* user perspective when accessing and using the data

=
()
O
)
Q
©

* data managers perspective when managing and preserving the data e.g. ROB

@)

S

o

o

D

FSF_T:,;ZZ;QQEOZD We observed that for station-dependent metadata =

(0\ csc;;nnrg::\;gy there exists §
~ a community-agreed standard format for station metadata: ™

REUSABLE GeodesyML
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Station-dependent metadata: e

ROYAL
OBSERVATORY

GeodesyML

Australian Government =
Geoscience Australia ;|U
()]
GeodesyML =
HE-E-EN w
aligned with international standards (ISO19115-1:2014 1IGS
and the Geography Markup Language (GML) developed
within the Open Geospatial Consortium (OGC) International GNSS Management and _ =
A voluntary organization to ensure. lissemination of GNSS site o
@ mesllczorg. W elcsos @ log metadata using the new g
an application schema of GML for transfer of geodetic GeodesyML =
. . (M) Overview [} Repositories 1 [E Project: 4 sususu S e~
information
Popular repositories **:**
o
. . % % &
first proposed in 2016 GeodesyML — S
Eeodes}rh\-’L OF BELGIUM O_
: @
supported by the International GNSS Service (IGS) P —
MG Metadata Management and Distribution ‘I\)
. . System for Multiple GNSS Networks N
in use within EPOS and the M3G system N

Boler et al. (2017) Progress toward a standard-based XML system for IGS network site log meta-data management and dissemination using GeodesyML. GHENT
Brown et al. (2016) Maximising interoperability and discoverability of geodetic products and services. UNIVERSITY



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

*
L 0.0 0 & ¢
* %k K Kk

ROYAL
OBSERVATORY
OF BELGIUM

Station-dependent metadata:
GeodesyML

What is available What is missing

. ] -
in GeodesyML in GeodesyML >
Py
open source XML-based format * data license information Gz)
)
n
aligned with international standards (1ISO19115- e provenance information
1:2014 and the Geography Markup Language (GML)
* use PIDs %
includes all information contained in the IGS site log, =
. : . .. o
some additional info and no information is ever e controlled terminology via code -
deleted (possibility to track changes) list files
S
FsF-F4-01M FsF-F1-01D & 02D FsF-F2-01M FsF-11-02M 5"
Machine Persistent Rich metadata Vocabularies & g
dabl identifiers with core ontologies -
r:1eeata?jatea (PIDs) elements fcf% -
N z— N o :
e = S
FINDABLE — FINDABLE INTEROPERABLE N
FSF-R1.3-01M & 02D FsF-A1-01M FsF-R1.1-01M FsF-R1.2-01M
(Meta)data Metadata has ) Metadgta Metadata
. access level & includes license includes
(.\ c;r:nrg:?étsy @;‘) conditic\)/ns (.\ provenance
R % ~ @ o
= =N T
REUSABLE ACCESSIBLE I REUSABLE SHENT
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Station-dependent metadata:
proposal to extend GeodesyML

Metadata element and description

GeodesyML element

Core metadata for GNSS station

Site log content

License of use

Precise coordinates

DOl

geo:siteLog

gec:license

to be added to GeodesyML,

geo:Position

geo:3itelogType/geo moreInformation/g
ec:DOT

Optional metadata for GNSS station

File provenance information i.e. list of
changes to site log

Data curator (i.e. organization uploading,
validatina and distributing data) identifier

Site pictures

Antenna calibration

GNSS network(s)

geo:modifiedSection

to be added to GeodesyML,

geo:Metadata
to be added to GeodesyML,

geo:Document
gec:Document

geo:gnssnetwork

to be added to GeodesyML,
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Station-dependent metadata: xoxx

ROYAL
OBSERVATORY
extended GeodesyML examples
s For example: T
controlled terminology/ code lists for: _ sl
< geo:license asanew property of the geo:Document o
P
GeodesyML class + 7
* license, an associated code list file
. tectonic plates, license-codelists.xml
N . f <codelistitems %
receiver Irmware’ <Codelistbictionary gml:id="GeodesyML_LicenseTypeCode’ > (=
<gml:description:File License information</pml:description: a
® GNSS data CenterS, netWOrks, ¢pml:zidentifier codeSpace="urn:gnss-metadata.euignss:licenze »GeadesyMl_LicenseTypelodes/pnl: identifiers -
* types of changes in the site log, ccoaeery

<Codebefinition gml:id="LicenseTypelode CC-BY-4.8'>
<gml:description xlink:href="https:/fcreativecommons.org/licenses/by/4.8/"/>
<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>

@)
Q
—
o
(on
(9
-
[
—_—
N
o
N
N

<CodebDefinition gml:id="LicenseTypelode_CCA">»

. . . . =
COde ||StS flles 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
EN-E-EN <gml:name codeSpace='urn:gnss-metadata.eu:gnss:license’ >Creative Commons Zero

I G S < /Codebefinition>

«/codeEntry »

¢fCodelistDictionary:>
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Station-dependent metadata: AR
ROYAL
OBSERVATORY
extended GeodesyML proposal

Richer metadata e.g. - -
B ROB-GNSS / GeodesyML_proposal | public ) =
* publisher, =0
* track modifications, < <> Code (@ Issues I% Pullrequests (@ Actions [0 Projects [0 wiki @ Security [+ Insights %
* data license, A

° GNSS networks- P main - F 2 branches (0 tags Go to file m
* identifiers (ROR or ORCID)

#& mig-rob Updated README efg2das on Mar 31 @24 commits é
D
Controlled terminology/ code lists for: W codelists Fix personal info 2 months sgo >
. B docs Fix personal info 2 maonths ago -
* license,
. B cEmples/06 Fix personal info 2 maonths ago
* tectonic plates,
. . D README.md Updated READMME 2 months ago o
S receiver firmwa re, Q
* GNSS data centers, networks, >
. . README.md D
* types of changes in the site log, -
A -
GeodesyML proposal N
N
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.
Get all this extra information when Here's a short version of the proposal:
downloading GeodesyML files * Introduction
e'g. from M3G * MNew geo:Document properties: geo:license & geo:keywords GHENT

k * Mew class geo:metadata UNIVERSITY



Station-dependent metadata:
extended GeodesyML proposal @ GitHub

¥ ROB-GNSS / GeodesyML | eublic

forked from GeoscienceAustralia/Geodesyhl

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

Go to file m About

i1 Pull requests @ Security

P dev = P 10 branches (D 1tag

This branch is 1 comm Ong0|ng:
GeoscienceAustralia’c .
implementation started +

new GeodesyML repo @IGS where our

contributions will soon be merged

<

International GNSS Service

1GS

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

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

GeodesyML

L\ Notifications % For <

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

B ROB-GNSS / GeodesyML_propo:

<» Code (&) Issues 17 Pullrequests
F main - P 2 branches s 0 tags
#s m3g-rob Updated README

codelists

docs

examples/0.6

README.md

NN B BN |

README.md

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

Documentation, examples, comments:
https://qithub.com/ROB-GNSS/GeodesyML proposal

O

eFgadae on Mar31 Y024 commits

Fix personal info 2 months ago

Fix personal info 2 months ago
Fix personal info

2 months ago

Updated README 2 months ago

GeodesyML proposal

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

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

Station- & RINEX-dependent metadata

Station-dependent metadata:

Station description/site log, data license,
data citation info (DOI), ...

Optionally: GNSS network to which station
contributes, provenance info, individual

antenna calibration, ETRS89 coordinates, ...

Proposal for
station-dependent metadata

-------
[ ",

llllllll

RINEX data files
+
Station-dependent
metadata
+

RINEX-dependent
metadata

. RINEX-dependent metadata (i.e. created
. on-the-fly upon data download):

* Data identifier, repository, creation &
« publication date, data license, summary
. and keywords,

* Optionally: quality check results, MD5, file
= size, ...

Proposal for
RINEX-dependent metadata

*
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RINEX-dependent metadata *HAR

ROYAL
OBSERVATORY

which metadata standard?

Choice of metadata schema(s) based on:

* user perspective when accessing and using the data, as well as those managing and preserving the data e.g. ROB

SSNO-HIV4

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

* FAIR data principles

JENE

We observed that for RINEX-dependent metadata:

* no metadata standard is available to describe RINEX data in

GNSS data repositories

* identify existing metadata schema(s) covering the needs of
the GNSS community to a maximal extent
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o
o
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N
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N
N

* if needed, extend the schema of choice and develop an

application profile ==
PP P GHENT

UNIVERSITY
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Explore existing metadata schemas *ox

{0){:\8
OBSERVATORY
OF BELGIUM
Examine existing metadata schemes (e.g. DataCite, schema.org or DCAT) used in Earth

science community, and controlled vocabularies to populate metadata.

-n
=
72
’ ()]
=
(@p)
w
* Generic metadata schemas and vocabularies (DCAT, DataCite, Dublin Core, Schema.org) were
considered
()
O
DCAT-AP field DCAT-AP DataCite field =1
(Mandatory, Recommended, description (Mandatory, Recommended, Comments QO
R value R -
Optional) Optional)
dct:title (M) Title: a name given to the resource. rdfs:Literal [1..n] Title (M)
dct:format (M) dct:MediaTypeOrExtent [0..1] ResourceType (M) C'C>)
Creator: data owner (ROR ID if o
dct:creator (M) available) foaf:Agent [0..1] Creator (M) CCI;_
sl
dct:publisher (M) Publisher: ROB foaf:Agent [0..1] Publisher (M) —_
An unambiguous reference to the =
dct:identifier (M) resource DataCite requires this to be a DOI, whereas N
within a given context. rdfs:Literal [0..n] Identifier (M) DCAT-AP does not have such requirement 8
Timestamp for data & metadata - Date rdfs:Literal typed as xsd:date or PublicationYear (M) N
dct:issued (M) of submission of the resource xsd:dateTimel[0..1] Date (R)
Access conditions to the files (open or
dct:accessRights (M) not) dct:RightsStatement[0..1] Rights (O)

GHENT
UNIVERSITY



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

*
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Explore existing metadata schemas afolol
ROYAL
d . OBSERVATORY
metadata ma in OF BELGIUM
Data Catalog Vocabulary (DCAT) - i PpIng
Version2 ~J ) —n INSPIRE =) DCAT mp 5§/
W3C Recommendation 04 February 2020 DCAT Application Profile for data portals in Europe
i EUROPEAN
VerSIon 2'1'0 DATA PORTAL -
=
Focus on DCAT and DataCite existing generic metadata schemas S
. 4. =
We mapped the content of the HDC database vs the existing »
. . 2]
metadata fields of the various schemas
()
DataCite field o
>
metadata field description comments mandatory DCAT 3 ERCELE D) data type Q
Recommended, =
Optional)
title/name  [Title: a name given to the resource. RINEX file name mandatory dct:title (M) Title (M)
file type RINEX version dct:format (M) ResourceType (M)
Creator: data owner (ROR if . .
creator available) match the site log (S12) mandatory dct:creator (M) Creator (M) g
publisher Publisher: ROB mandatory dct:publisher (M) Publisher (M) (@]
An unambiguous reference to the g
identifier resource permanent ID, landing page mandatory dct:identifier (M) Identifier (M) station 3
within a given context. :
. Timestamp for data & metadata - . r PublicationYear (M) observation -
dateSubmitted Date of submission of the resource datelastSubmission mandatory dct:issued (M) Date (R) (RINEX) B
. Access conditions to the files (open . . . observation N
rights or not) always open mandatory dct:accessRights (M) Rights (O) (RINEX)
A legal document giving official
License permission from M3G mandatory dct:license - station
to do something with the resource.
md5 checksum to be inserted in DB mandatory spdx:checksum - otzs;gl;\;/:)t:)on
observation
Type of RINEX (daily or hourly) - A . .
Frequency rate at which something recurs in the DB optional - - (RINEX) BHF\?'ETRS”Y
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Explore existing metadata schemas: K x xR

ROYAL
OBSERVATORY

lesson learned

* Generic metadata schemas and vocabularies (DCAT, DataCite, Dublin Core, Schema.org) were
considered, but none is capable to cover GNSS data specificities as it is.

SSNO-HIV4

* The most appropriate choice of vocabulary seemed to be the NASA Earth data GCDM Keywords ,
already in use within the community (e.g. GFZ data services).

* No specific field to store the links to the RINEX files in GeodesyML.

=
@
=
-
D
-

* Extend the DCAT Application Profile for open datasets and data portals (DCAT-AP) to include
metadata attributes specific to RINEX files: GNSS-DCAT-AP.

e Considering Linked Open data (LOD) i.e. 5-% data, DCAT-AP is the schema of choice for its @)

natural linked-data approach (JSON-LD as encoding format) %

8

Data Catalog Vocabulary (DCAT) - metadata mapping §

Version2 il _ = INSPIRE =) DCAT mp N>
W3C Recommendation 04 February 2020 DCAT Application Profile for data portals in Europe

i EUROPEAN
Version 2.1.0 DATA PORTAL

proposal for a DCAT-AP 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
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RINEX-dependent metadata: worx ok

ROYAL

proposal for a DCAT-AP for GNSS data OB

...structured information in a

GNSS-DCAT-AP metadata schema
= GNSS-DCAT-AP

SSNO-HIV4

+
type of RINEX file (e.g.,
compression format, frequency)

JENE

RINEX file header: GNSS antenna
and receiver type, ...

GeodesyML: GNSS antenna and ==
receiver type, ...

software used to generate the
RINEX file.
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GNSS-DCAT-AP

RINEX-dependent metadata:
GNSS-DCAT-AP proposal

[

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

<

GNSS-DCAT-AP recommended classes

Class name

GNSS observation data

anss:OBSData

Mandatory/

Recommended/
Optional

Recommended

Description

Domain specific vocabulary for RINEX
observation files

gnss:0B5Data

properties

Range &

Cardinality

Mandatory/
Recommended/
Optional

Description

pe

file format gnss-format rdfs:Literal [0..n] Recommended RINEX 2 [ RIMEX 3/
RINEX 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 RIMEX)

CRX version gnss.compressFormaiTy | rdfs:Literal [0..n] Cptional Crinex Version (e.g. 3.0)

*
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GNSS-DCAT-AP

RINEX-dependent metadata:
GNSS-DCAT-AP proposal

* type of RINEX file (e.g.,
compression format,
frequency)

GNSS-DCAT-AP recommended classes

Class name Mandatory/
Recommended/

Optional

GNSS station antenna Recommended

gnss:Antenna

* RINEXfile:GNSS  »

antenna and receiver
type, ...

GNSS-DCAT-AP optional classes

Class name Mandatory/
Recommended/

* software used to Optional

Description

Domain specific vocabulary for the

Description

antenna associated with gnss:Station

generate the RINEX file GNSS station antenna from | geo:GNSSAntenna Optional Antenna info from GeodesyML
GeodesyML installed on gnss:temporal (associated
with gnss:Station)
° .
G eOd eSyM L G N SS GNSS station monument geo:Monument Optional Monument info from GeodesyML
antenna an d rece ive r from GeodesyML (associated with gnss:Station)
type P, GNSS station receiver from geo:GNSSReceiver Optional Receiver info from GeodesyML
GeodesyML installed on gnss:temporal (associated
with gnss:Station)

*
%k &k ok
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RINEX-dependent metadata: xorx ok

ROYAL

GNSS-DCAT-AP proposal SRS

-n
=
DCAT-AP recommended classes -0
G N SS- DCAT-AP Class name Mandatory/ Description GZ)
_ Recommended/ w
- Optional w
[ : License document det-LicenseDocument Recommended A legal document giving official
¢ Data ||Cense permizsion fo use the dataset.
i =
()
o
i . dcat:Dataset 8
[ ]
Qua Ity metrics Range & Mandatory/ Description -
Cardinality Recommended/
~ Optional
has guality dgv:-hasQualityMeasure | dgw-QualityMeasure | Cptional A guality measurement
measurement ment ment [0..n) 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)
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RINEX-dependent metadata: ok

ROYAL
OBSERVATORY

GNSS-DCAT-AP proposal

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

- -
GNSS-DCAT-AP for GNSS observation data '|
= Version 0.2 1
«recommended» B
oa P
«mandatory»
dcat:Dataset «recommended» N :
«recommended dct:LicenseDocument o
«mandatory» dcat:Distribution
detdescription [1..n] «recommended»
detidentifier [0..n] «mandatory» dettype (0.0]
detiitle [1..n] 0.1 deat:accessURL [1.n) A
«recommendeds =1 “’E”"""‘e““?‘:"
deat contactPoint (0..n] T
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— gc:ni ﬂx}'Mﬂna;mlI:HIB n] wecommended»
det:conformsTo [0..n] CLCONBTI IO
detissued [0..1]
deat:landingPage [0..n] dctrights lé q)l W 0.0 CD
dqv:hasQualityMeasurement [0..n] dettite (0..0] " O
adms:identifier [0..n] det:modified [0.1] «optional» 3 X
owlversioninfo [0..1] dcat:DataService =S
adms:versionNotes [0..n] TN o1
- deatendpointURL (1]
_— deatservesDalaset T detiite f0..n| ¥
«recommended» wrecommended» —
dcat:endpointDescription (0.n)
| detaccessRights [0..1]
«optionabs
gnss:geodesym! detdescription [0.n]
«optional» dcat:downloadURL (0.n]
|
gnssisitelog
«optional»
gn { gnss;monument O
o
«recommended»
gnss:antenna
gnss:OBSData «optional» =3
gnss.obsHeader L I CD
wrecommendeds - «tecommended»
gnss:format [0..n] ]
«optiona»
gnssifrequency (0.1] —_
gnss:compressFormat [0..1] A —
gnss:compressFormatType [0.1] 0. 0"3; recelver -
«recommendeds
gnss:OBSHeader N
«recommended» o
gnss:PGM «recommendeds NS
gnssiinterval [0.1]
«mandatory» gnssissued [0.1]
gnss:pgmName [1.n] <,<’““-°9V"_ gnss tlemporal [0..n] |\ )
«woptional» b, - «opuonal | «opiionaln detisVersionOf
pmicdrioy iy s maerarme .1 ; “optonai»
gnss:pgmRunBy [0.0] gnss: mu[:\br [©.n) o -
gnss .
gnss finexVersion [0..n]
owtversioninfo [0..1]
adms:versionNotes [0..1]
T
«recommendeds
gnssireceiver i
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
gnssfirmwareVersion [0.1] 1 gnss marker-arporthEce 0.1 G H E N T
«optonals gnss marker-arpUpEce f1]
gnss:manulacturerSeralNumber [1.0] «optional»
anssmanufacturerSeriaiNumber [1.a] U N |V E RS | TY
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GNSS-DCAT-AP proposal on GitHub

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

for GNSS observation data Your feedback is very welcome! -
, https://qithub.com/ROB-GNSS/GNSS-DCAT-AP >
Version 0.2 =
det: liwm: a 1
aecommendeds
«mandatory» \ Ddxd I:I ) G)
:D «recommended» - — - - i
deatDatasel «recommended» dct:LicenseDocument A D O C U m e nte d H ROB-GNSS/ GNSS-DCAT-AP { punic Z
«mandatory» dcat:Distribution m
decidondtr o5 mandalory» P Proposal for a DCAT-AP extension for GNSS observation data (@)
e o S g | and i
Aeatcontacia 0.5 I SL??%%%W S . ¥y 1star % 1fork
gty EC ] e e available
aiuemporal L ﬁ‘ﬁ‘ﬁk:;g’"gx 0.1) detl Tﬁr Star I\ Motifications
«optional» c ressForm: ctlicense . - i
355235.75?:32‘?0 [0':]1] — %EE‘E%?’:SL"? n o on G It H u b
deat landingPage (0. i N .
u?;l:hars‘o‘sgm;?:egsurr‘]emenl [o.] il ~ <> Code (2 Issues 11 Pullrequests () Actions [ Projects [0 wiki e é
adms:identifier [0..n] detmodified [0.1] «optionab» ) CD
owlversioninfo [0..1] dcat:DataService o
adms:versionNotes [0..n] o1 0T g —
T o :;‘:;:::dmuml‘ o ) -}
e - - ¥ main - 6o to file ®
ettt L4 -
gnss geddesymi eacntiy
*oRI%e deatdownioad L gnss-rob GNSS-DCAT-AP VD2 .. 29 daysage D)2
o R
gnss;station
(. | g;:‘;‘;Tg’;‘;‘:;‘;:, J— W Draft 28 days 200 o
«ecommended» S [l READMEmd 29 days ago Q._
gnss:OBSData R (@)
gnss.obsHeader o B
urec‘ov'rmv:‘eﬂdedw - «recommended» U
gnss:format [0..n] CD
onesroauency 0.1 1/ README.md S
gnssicompressFormat [0..1]
gnss:compressFormatType [0..n] \l/ 0. url:;:lfoi::‘u N
«recommended» —
= R gnss:OBSHeader =
o GNSS-DCAT-AP N
o
9 NS
Ongomg: First draft of a DCAT-AP extension for GNSS observation data (GNSS-DCAT-AP) to N
0 0 facilitate GNSS data exchange. This proposal aims at facilitating the exchange of GNSS
d ISCUSSION an d feed ba C k fro m RIMEX observation data in order to increase their Findability, Accessibility,
. Interoperability, and Re-usability (FAIR).
FAIR-GNSS Follow-up Committee,
0 GMNSS-DCAT-AP adds additional support for the following entities:
GFZ and ESA GNSS Science Support Centre
* GMNSS observation data file (RINEX) and its header
E—— e Y, * GNSS station
gnss:manufacturerSerialNumber [1..] - G H E N T
® (GMSS antennz and receiver

UNIVERSITY

* (GMSS cbservation data generating software


https://github.com/ROB-GNSS/GNSS-DCAT-AP

Contents of the webinar

* Part 1 - GNSS data and the data repository

* Part 2 - Introduction to FAIR data principles

* Part 3 - The journey so far: FAIR for GNSS data

Where and how to start?

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data
Restructuring the data repository
Persistent identifiers for GNSS data

API| preparatory work

* Part 4 — Lessons learned and next steps
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FAIR GNSS data Eenad
OBSERVATORY
Downloading daily RINEX data Downloading daily RINEX data OF BELGIUM
TODAY FUTURE
>
72
BRUXOOBEL BRUXOOBEL @
02/2021-012/2021 02/2021-012/2021 2
' ' =
(¢)
___________________ S,
e e e e 1 ] =
: | I ] -
RINEX data files ] 1
;! RINEX data files L
[ U @)
| o
! Station-dependent L 3
I : information : : =
by + Iy X
I o
| : RINEX-dependent : | N
I information I :
: | I ]
I | I
I |
]

searchable by both __ API
humans and machines
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FAIR GNSS data

Our existing database does not contain all needed
information

What content do we need to include in the new HDC
database?

How to implement this for an already existing data
repository?

Downloading daily RINEX data

FUTURE

BRUXOOBEL
02/2021-012/2021

RINEX data files
+
Station-dependent

+

RINEX-dependent
information

I
I
I
I
I
I
information I
I
I
I
I
I
I
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Station-dependent metadata - GeodesyML —o

OBSERVATORY
OF BELGIUM

All information is collected by M3G, stored in a database and exported in GeodesyML format (API + persistent

link)

- Persistent link to be provided together with the download of RINEX data of the BRUXOOBEL station :
https://gnss-metadata.eu/v1/sitelog/exportxml?id=BRUX0OBEL

SSNO-HIV4

GeodesyML format

v Current version of M3G: GeodesyML 0.4

v" Next release: GeodesyML 0.5 (Nov. 20227?)

v Future release: GeodesyML xv including all new functionalities discussed within GeodesyML taskforce of the
International GNSS Service

JENE

Population of the M3G database
v’ Station description: Mandatory for all GNSS stations (requirement)
v’ Data license (optional)
* At start of FAIR-GNSS, few GNSS stations with data license
* European Plate Observing System (EPOS): data license is mandatory (CC BY 4.0)
* Today: 93% of GNSS stations in data repository inserted data license in M3G
v Data citation information (optional)
» Digital Object Identifier (DOI) = more later
* Very few GNSS stations inserted DOl in M3G!
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RINEX file-dependent metadata — o

OBSERVATORY
OF BELGIUM

Data inventory learned us that:

SSNO-HIV4

Missing provenance information

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

JENE

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

* Content of original data (RINEX header)

Error checking
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* Inconsistent usage of flags

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

Document origin of the
data file

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

File size at data center

MDS5 checksum at data
center (not available)

Last update time of file
at data center

Original RINEX header
at data center

Document operations done

on each data file

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

GDPR-related changes

Final content RINEX
header

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)

List of programs used to
generate RINEX

Content current (corrected)
RINEX header

Associated (existing) database

Station descriptions from M3G
Precise positions of each station
GNSS data quality metrics
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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

Document origin of the

data file

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

* File size at data center

* MDS5 checksum at data
center (not available)

* Last update time of file
at data center

* Original RINEX header
at data center

Document operations done

on each data file

RINEX header changed
or not

List of changes in RINEX
header

Date of change of RINEX
header

Reference info used for

changing RINEX header:
Station description from
M3G

GDPR-related changes

Final content RINEX
header

Warning/error flags

PROVENANCE
Persistent link to original data

- Need for a completely new database

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)

List of programs used to
generate RINEX

Content current (corrected)
RINEX header content

Associated (existing) database

Station descriptions from M3G
Precise positions of each station
GNSS data quality metrics
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OLD database

DataCenters

*~id

=

=

=

LongMarkerMarme
Centre

RnxDir

DATE
Filename
RnxVersion
Size

DateFirst
Datelast
DateOfUpdate
Flag

=
=

=

=

=

=

ROBDataRepository

~id

LongMarkerMame
RnxDir

DATE

Filename
RnxVersion

Size

DateFirst
Datelast
DateOfUpdate
Flag

New database

Informations on the files

Decide what to download

gnssdata_headers

O
DataCenters gnssdata = Fi-» idfile A gnssdata_pgm
==id = A idfile W filename “=id_pgm
*  longmarkername fileversion rinex_version ;1::' idfile A
“ Centre (=) longmarkername rinex_type pgm
filedate 2 rinex_format marker_name pam_run_by
*  Filename () filedate marker_number pgm_date_string
RnxVersion () filename observer pgm_date
Size filesize agency from_comment
DateFirst checksum_md5 receiver_sn
Datelast checksurn_sha1 receiver_type
*  DateOfUpdate datefirst receiver_vers i H
Flag P datelast antenna_sn B e,
flag antenna_type =P idfile A
deleted antenna_delta_h obstypes
check_mode antenna_delta_n sys_phase_shift
- = table_timestamp antenna_delta_e glonass_slot_frg
approx_position_x glonass_cod_phs_bis
Origin of the files ' approx_position_y
* approx_position_z
gnssdata_from !nterval_header
interval_obs
x-f: !dﬁ:tefrom = gnssdata_from_headers t!me_ﬁ rst_obs
2 idfile time_system
@ filenb * A idfilefrom A time_last_obs
centrefrom filename *  table_timestamp
url rinex_version
filename rinex_type
filesize marker_name
checksum_md5 marker_number Operations done on the files
checksum_sha1 observer \
publlca_tl on_date_online agency file_actions | 5 4 file_errors
*  table_timestamp receiver_sn T %
receiver_type «=id_file_actions W
<t  receiver_vers =7 idfile Va
antenna_sn fileversion error_type

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

metadata_used
action_name

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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ROYAL

Implementation: Development of new backend s

Started in Summer of 2021

SSNO-HIV4

Testing and development cycles

JENE

Complete revision of software

* To download RINEX data

* To verify and correct RINEX headers

* To verify and correct RINEX formatting errors and manage flags
* To populate database
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Under internal testing on new incoming operational RINEX data from Nov. 2021
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More rigorous checking of RINEX errors

OF BELGIUM

714 error Misformatted <YYYY MM DD HH MM $5.55> in header string "TIME OF FIRST OBS" has been corrected
Store results of RINEX verifications in 715 error Misformatted <YYYY MM DD HH MM S5.555> in header string "TIME OF LAST OBS" has been corrected
internal database (and can be consulted

802 error Misformatted header label "PGM / RUN BY / DATE" has been corrected
805 error Misformatted header label "MARKER NUMBER" has been corrected
later on)

809 error Misformatted header label "ANT # / TYPE" has been corrected

* Incorrect/unknown RINEX format 814 error Misformatted header label

: "TIME OF FIRST 0BS" has been corrected
902 error Misformatted header label "pGMm / RUN BY / DATE" has been corrected
. Missing mandatory header lines 208 error Ml'sformatted header |abel "REC# / TYPE / VERS" has been corrected
03 error Misformatteg header label "ANT / TYPE" has been corrected
| e
*  Misformatted header lines

. Misformatteq values for AP:ZROX b XYZ" has been Corrected.
* Duplicate header lines = X POSITION XY2" have been corrected

911 error Misformatted heager label "ANTENNA: DETA Using information from <site log>

. . H H H M f H "
* Inconsistent information with site log : M'i:fz::atted Values for "ANTENN: DELTA H/g /Ef N" has been corrected
14 error B atted header label "Tme OF | /N hay N Corrected
* Sampling rate ME'LTfA "EI" have been correcteq ye: ST 0BS” hay N corrected p :lng rormation from <site lo
915 error IS Ormatteq header USIng merm t IS Ormatted g>
labe] "y on from <; Values for »
. 7 H/E N" |ME OF . 5|te lo ANTE
- Date file name / date ‘FIRST OBSERVATION 918 rrg Mis/for have been Correcteq Using 'nfLAST 08S" hag N Corrected e
. matt, or| i
/ timestamp of actual observations 0L errgr Rem ed|~ed heade labe "GLON mation from, site logs 'sformatteq Values fg, »

1002 errey g " With duplicage OD/PHs /g5 ANTENNA. DELT
. = Emoved iy, - €ader lapg| - RINEX n Correcteq

1 - Ved lip e head labe| » ' /TYPE"

10" Removeg .. JUPlic heade NBY/ pare:
007 erroy o - dup| M labe| DATE"
e ved |j i Sader lapg) » R NAmg~
Oved |; ol €ader |ahg ER NUMBER.
|
|
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More rigorous checking of RINEX errors

714 error Misformatted <YYYY MM DD HH MM $5.555> in header string "TIME OF FIRST OBS" has been corrected

Store results of RINEX verifications in
internal database (and can be consulted
later on)

715 error Misformatted <YYYY MM DD HH MM $5.55S> in header string "TIME OF LAST OBS" has been corrected

802 error Misformatted header label "PGM / RUN BY / DATE" has been corrected

805 error Misformatted header label "MARKER NUMBER" has been corrected

809 error Misformatted header label "ANT # / TYPE" has been corrected
ME OF FIRST 0BS" has been corrected

GM /RIIN BV / Aaven

* Incorrect/unknown RINEX format 814 error Misformatted header abe| *T|

902 error Misformatted header label "p

* Missing mandatory head i : : been corrected
v Improved automatic correction of a lot of errors 2N corrected

ected

*  Misformatted header lin:

T A ¥ Classification of errors

' been corrected.
_ : Jeen _
« Inconsistent information Error can be corrected = RINEX file is published corrected using information

Error cannot be corrected = RINEX file is not published * been correcteq
*  Sampling rate

YL ekl v Inall cases: station manager will be informed

rom <site |
M <site logs fted Values for "ANTENN:
. asiorm =wusing . - VSCN corr :
/ timestamp of actual obseivauuis 1001 error Rem0veda|t~ud header ape; "GL g:;f:(':matlon rOm <site |og>ECted MISformatted Values ¢
1002 eror ine w; upli 0D/pPHs Blg" S for "ANT
. . error R:moved“ne i ||.ca:e header [ajpg| » /BIS" has been Correcteq s HELL
m >

1 ed |j € hea SIo .
o &rTor Rem, Ved|i:: icate he : :a | : BYN// PE

8 r a D "

e:or Rem Ved lip - ader Iabel " R AMEg" I

0 REmOvedli II bel ER
lic der la " NUMBER'
er i3 |
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ROYAL

Improved tracking of changes on RINEX files s

2.11 OBSERVATION DATA M RINEX VERSION / TYPE T
GN-RINEX 1.3 Geo++ GmbH 22-MAY-22 00:59 PGM / RUN BY / DATE ;j—;
START OF RINEX header check by ROB 20220523 080524 UTC COMMENT CID

with respect to COMMENT =
https://gnss-metadata.eu/vl/sitelog/exportlog?id=RAMO0O0ISR COMMENT %
RINEX header corrections COMMENT
MARKER NAME RAMO Mizp -> RAMO COMMENT
OBSERVER removed to comply with GDPR COMMENT
END OF RINEX header check by ROB COMMENT C%
RXO2RXO 1.11lw Geo++ RX Converter 2022-05-23 06:34 COMMENT (=X
RAMO MARKER NAME =
207035001 MARKER NUMBER -
Survey of Israel OBSERVER / AGENCY
02628 JAVAD TRE G3TH DELTA3.6.14 REC # / TYPE / VERS
CR20014604 ASH701945B M SNOW ANT # / TYPE g)
4514721.8549 3133507.8433 3228024.6792 APPROX POSITION XYZ o
0.0030 0.0000 0.0000 ANTENNA: DELTA H/E/N =3
1 1 WAVELENGTH FACT L1/2 Y
9 C1 L1l D1 P2 L2 D2 P1 S1 S2# / TYPES OF OBSERV =
30 INTERVAL =
2022 5 22 0 0 0.0000000 GPS TIME OF FIRST OBS B
18 LEAP SECONDS

END OF HEADER

GHENT
UNIVERSITY




First results

New provenance information directly allowed to detect and debug problems that were previously not seen

* Data files for same day and same station coming from one data center were flagged and coming from another
from another data center were not flagged

* Workflows used at EUREF regional data centers unclear / different handling of GNSS data (publication or not)
* Meeting with data centers (04/2022) and a lot of email exchanges
* Data centers adapted their way of working

Restart filling database from scratch again for all data coming in from June 2022 on
For data prior to June 2022: populated new database with limited info from old database

Gathering provenance information from before June 2022 requires re-downloading all historical data from the
original data centers!

Original plan : before Fall 2022
* But data centers undergoing major restructuring and persistent links to original data could not be constructed
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ROYAL

Conclusion ogsERVATORY

Software development started in 2021

SSNO-HIV4

Several development and testing cycles because new problems where discovered
along the way

JENE

Close collaboration with the Regional EUREF Data Centers was necessary

Persistent links to original data at the Regional EUREF Data Centers are necessary to
progress further
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Populating new repository database is a very time consuming process
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Contents of the webinar

* Part 1 - GNSS data and the data repository

* Part 2 - Introduction to FAIR data principles

* Part 3 - The journey so far: FAIR for GNSS data

Where and how to start?

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data
Restructuring the data repository
Persistent identifiers for GNSS data

API| preparatory work

* Part 4 — Lessons learned and next steps
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Persistent Identifiers (PID) for GNSS data

| |
| |
: RINEX data files |
| + |
: Station-dependent :
I information I
I L I
: RINEX-dependent :
| information |
: |
| |
| |

------------ PID/DOI -

2 }

Introduction to FAIR data principles:

A PID is a globally unigue and persistent identifier
pointing to a digital object

Digital object = GNSS data

Attributing a PID to the data is requested by the FAIR data
principles with as main goal to make the data findable:

- A http link whose address remains unchanged over
time and which allows to find information on the
data
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DOI f N ; Rl
or dld. * ok *k *
. . ROYAL
OBSERVATORY
S metrics to monitor Progress towar OF BELGIUM
FsF-F1-01D & Oa FsF-F2-01M FsF-F3-01M FsF-F4-01M
Persistent Rich metadata Metadata Machine
identifiers (PIDs) with core includes PID readable .
@ elements metadata =
N @ . D— 2
— — H>S =
— [ e ] =
FINDABLE = L’ %
FsF-A1-01M FsF-A1-02M & 03D FsF-A2-01M
Metadata has Standard Metadata is
access level & communication always available =
@\9 conditions protocol g
.0- 5
g = :
ACCESSIBLE =34 (@ SHE] Not adopted
FsF-11-01M FsF-11-02M FsF-13-01M Partially adopted
Metadata in Vocabularies & Linked CC>)
) formal KR ontologies metadata Adopted o
) language g
3 (B ey 2
{: [ <> ‘:\\
INTEROPERABLE JSON e §
FsF-R1-01MD FsF-R1.1-01M FsF-R1.2-01M FsF-R1.3-01M & 02D NS
Metadata Metadata Metadata (Meta)data
specifies data includes license includes community
( \ content provenance standards
- @ =
D= 5 - S
REUSABLE = loYoXe) GHENT

UNIVERSITY
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Digital Object Identifiers (DOls) for data

Digital Object Identifiers (DOI) are the .
obvious PID to be used for data sets DOI is a character string (standardized by 1SO) used to ?;
(also used in seismology) uniquely identify an object e.g. =

w

https://doi.org/10.24414/ROB-EUREF-HDC
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d. ' Digital Object Identifiers (DOI) —

OBSERVATORY
OF BELGIUM

Digital Object Identifiers (DOls) for data

Digital Object Identifiers (DOI) are the .
obvious PID to be used for data sets DOI is a character string (standardized by 1SO) used to ?;
(also used in seismology) uniquely identify an object e.g. =

w

https://doi.org410.24414MROB-EUREF-HDC
[
/ v
Prefix: assigned by the DOI _ngﬂ?c assigned by the agency
allocation agency minting the DOI (responsible for the
DataCite

content and its long-term storage)

JENE

How to get a DOI for data sets?

Allocation Agents, who are members of DataCite, assign DOlIs to objects.
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Clients, like universities, may sign a contract with an allocation agency to become minting agencies able
to “register” or “mint”, DOls.

E.g. ROB (= minting agency) mints DOIs thanks to a contract with an allocation agent (TU Delft). il
UNIVERSITY




d- | Digital Object Identifiers (DOI)

¥ ) . Digital Object Identifiers (DOls) for data
Digital Object Identifiers (DOI) are the

obvious PID to be used for data sets DOI is a character string (standardized by 1SO) used to
(also used in seismology) uniquely identify an object e.g.

https://doi.org/10.24414/ROB-EUREF-HDC

* aglobally uniqgue and long-lasting reference to a resource with a stable link to the resource (like
research data)

* enable reliable long-term citation of the data
e data providers receive credit through citation metrics
e provide statistics on data usage for funders
* provide user information on data access restrictions
* enable cross-linking through various objects:
e publications and underlying data
* Link datasets with other datasets (hierarchical relations)

* PID graphs
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What is required to get a DOI? -

OBSERVATORY
OF BELGIUM

The following are required to create a DOI:

* A DOI name (prefix/suffix)

* A metadata file (an XML file) — DataCite metadata scheme

* A stable long-term URL (also called the ‘landing page’ that provides access to the objects)

SSNO-HIV4

The DOI will point to a “landing page” URL (using the information in the XML)

JENE

* Landing page is maintained by the minting agency

* All landing pages should include a minimal set of information including: links to access data (if available)
or instructions how to access the data, a sample citation text

* DOls are typically “linked” via a global resolver (e.g. http://dx.doi.org/10.24414/datacenter.123xy) which
redirects to this page.
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It is not possible to delete a DOI when it has been created.

URL and metadata can be updated at any time

GHENT
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DOl example dabode
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https://doi.org/10.24414/ROB-EUREF-HDC
XML f|Ie DataC|te schema

(el W3 . O A1/ ML
kernel t cat_
Do1">18. cds‘-'llﬂ"FL.'B EUREF- H_'ll'.< ide

%5izschem

chema-instance" smlns="http:

¥ icreators

¥ocreators
torMame nameType="Person
niamexCarines/ giventame:

*Bruynink, Carine</crestorNames

DOI landing page

L ORGANISATION ~ NETWORK & DATA ~ PRODUCTS & SERVICES ~ DOCUMENTATION ~ NEWS, EVENTS & LINKS ~ Q

https://forcid.org”>https:/forcid. org/B808- 0881 -5492 - 3945

SSNO-HIV4

:Legrand, Juliettes/creatorbame:
nhame:
lyﬂar=>

"Schame="0RCL

schemeUR
liatian:

https:/forcid.org”>https:/forcid. org/ 0008 - 0802 -9562 - 9844

torikame nameType="Personal":Moyaert, Ann</creatorflame:
Emexinn: /giveniame:

JENE

DOI: «fcreator:
Title: — nameTvoe="Bercanal " ini e —
oriame nameType="Personal”»Mesmaker, Dominigue:,/creatorizme:

Authors: = giveniame >

2 X lame :Mesmaker</ familyName:
Published: ion:foyal Observatory of Belgiume iliation:
Publisher:

«title xml:lang="en":EUREF Permansnt GN55 Network Historical Data Centerd/
<«/titles»

Description: ¢publisher wml:lang="en":>Royal Observatory of Belgium</publisher:

¢publicationYear>2022</publicationYear:
¥ <subjects:
csubject»EPNe /subjects
/_networkdata/data_quality/ <subjects>EUREF</subjects
'e::mh&br fsubjects

https:/epncb.oma. ex‘ﬁpn‘cem:em1@@»0& HDC. Info from https://epncb.oma.be
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): EUREF Perm ate
Data Citation: = ' t3RINEX: Ssubjects
schemelURI="https:/ .nasa. gov,/kms/ concepts/concept_scheme/scisncekeywords,/” s
Resource Type: i SOLID I:.O.FIH &gt; GEODETICS o
t :lang="en" schemsURI="https .nasa. gov/kms/concepts fconcept_scheme/sciencekeywords/ " =
Data availability: MCE SERVICES &gt; METADATA HAMDLING
Publication Access: csubject xml schemeURI="https://g a.nasa. gov/kms/concepts /concept_scheme/scisncekeywords,/" s
) MCE SERVICES &gt; DATA MANAGEMENT/DATA -I-!l.I‘J_'ILlhb Egt, CATALOGING: 3
License: act xn * schemelRI="https:/ nasa. gov/kms/ concepts fconcept_scheme/sciencekeywords,/ " s
Keywords; b_'ﬂll'_l: SERVIC » DaTa mﬂi&tﬁt“l-’h&lh 'I-!l.I‘J_'ILlrab Sg‘t, DATA ACCESS/RETRIEVAL</subject>
<fsubjectss
¢resourcelype resourcelype aral tazet":Dataset</resourceTypes
GCMD Science Keywords: ¥odates: ) ) —
R : /dates I
NG > CATALOGING

Yeri hts--st.»

\r'.r'htr rightsldentifierscheme="5POK" rightsldentifier="CC-B G ENT
rights
<frights UNlVERSlTY

¥ cdesc



*
L 0.0 0 & ¢
* %k K Kk

DOI and the corresponding XML file and schema

ROYAL
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-
Mandatory citation fields considering a typical citation format ;:%

@ ‘Creator (Year): Title. Publisher. ResourceType. DOIName’ o

. http://schema.datacite.org/meta/kernel-4.4/ c%
DataCite Z
=

(9>)

O

Creator: S
®

The principal investigator(s), or the organization operating the network or producing the data or products. This is the entity who should receive
“primary” credit for producing the data set.

Title:
A name or title (5-10 words are recommended) by which the resource is known. For example “EUREF Permanent GNSS Network Historical data
Centre”.

Publisher:
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The institution (or data centre) responsible for making the data, i.e. DOI and landing page, permanently available. As a general rule, this will
usually be the organization that mints the DOI.

Publication Year:
Year when the data is made publicly available. In the case of datasets, "publish" is understood to mean making the data available on a specific

date to the community of researchers. GHENT
UNIVERSITY
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Use of DOI for datasets plofohehy

ROYAL
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within the scientific community

N> recommendations and DOI naming

Seismological community: (FDS

SSNO-HIV4

UNAVCO (...already minting DOIs for GNSS datasets), GFZ, CDDIS, ROB, ...

JENE

EP@S foresees use of DataCite for DOI

EUROPEANPLATEOBSERVINGSYSTEM

GGOS GGOS working group on DOI: a common approach to assign DOI to geodetic data and

bserving System

products
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Use of DOI for datasets plofohehy

ROYAL
OBSERVATORY

within the scientific community

N> recommendations and DOI naming

Seismological community: (FDS

SSNO-HIV4

UNAVCO (...already minting DOIs for GNSS datasets), GFZ, CDDIS, ROB, ...

JENE

EP@S foresees use of DataCite for DOI

EUROPEANPLATEOBSERVINGSYSTEM

GGOS GGOS working group on DOI: a common approach to assign DOI to geodetic data and

bserving System

products
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GGOS working Group: Digital Object Identifiers (DOls) ey

ROYAL

for Geodetic Data Sets it

SSNO-HIV4

Created in Dec. 2019

ROB members joined the working group with the goal to

JENE

e Reach a community-agreement on the open questions

* Raise awareness of the geodetic community of the importance of assigning DOIs to GNSS
datasets

One year later, FAIR-GNSS project started (Dec. 2020)
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Level of granularity of DOI for GNSS? —
OBSERVATORY
OF BELGIUM
Large amount of GNSS stations
-
Assign one DOI per GNSS =
network? )
Organized in global, regional, local networks — é
Assign one DOI per GNSS
station?
Stations can contribute to different networks §

IGS network EUREF network

A
i

RENAG network
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Agreement on level of DOI granularity o

OBSERVATORY
OF BELGIUM

SSNO-HIV4

7 o}

JENE

* GNSS-station DOI: Need to assign a DOI for the ongoing GNSS data measured
for each GNSS station

* In addition, the station DOI may co-exist with GNSS network DOI
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* The DOI of GNSS networks can be linked to the DOI of GNSS stations
(relatedIdentifier, IsPartOf, HasPart)
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DOI standardization for GNSS data? Salolefl

OBSERVATORY
OF BELGIUM

Data citation:
Creator (PublicationYear): Title. Publisher.
(resourceTypeGeneral). Identifier

Like all metadata schemas:
DataCite metadata schema has

>
2
(D)
=
n
7

mandatory and optional fields - 4 Mandatory N
. . . .::— Identifier Creator Title
To make the information provided by the
DOI readable by machines, the GNSS ‘ J( PublicationYear Publisher  resourceType §
community needs to agree on: e \_ J 5
* Which optional fields should be / _ \
mandatory in our community? Optional . S
/Optional \ relatedIdentifier %
: FundingRef =
» The standard vocabularies to be used SRETHORETErenes — relationType =
to populate the fields? Rights IsPartOf N
Format IsIdenticalTo B
. . IsSourceOf
* From where do we get the information rightsURI  rightsIdentifier HasPart ..
to fill in the different fields? \_ J K /
Information on funding, data format, Allows to build relations JIm}
data license, ... between DOIs GHENT

UNIVERSITY



Standardization of DOl metadata

Exploit values from IGS site log/(extended) GeodesyML to semi-automatically populate DataCite schema

GeodesyML

1.Site Identification of the GNSS Monument
Site Name/

<geo:siteldentification>

<geo:siteName>

12. Responsible Agency (if different from 11)
Agency/

<geo:siteOwner gml:id="siteOwner">..
<gmd:organisationName>

<geo:license codeSpace=
"urn:gnss-metadata.eu:gnss:license" codelist=
"https://gnss-—

metadata.eu/GeodesyML ext/codelists/
license-codelists.xml" codelListValue="CC-BY-
4.0"><! [CDATA[CC-BY-4.0]]></geo:license>

resourceType (M)

title (M)

creator (M)

rights (O)

(@ DataCite

metadata schema v.4.4

Dataset

<title xml:lang="en">ELISO0ATA -
GNSS station at Princess Elisabeth
Station Antarctica </title>

<creator>

<creatorName nameType="Organizational">
Royal Observatory of Belgium

</creatorName>

<nameIdentifier schemeURI="https://ror.org/"
nameIdentifierScheme="ROR">
https://ror.org/00hjks330</nameldentifier>
</creator>

<rights xml:lang="en"
schemeURI="https://spdx.org/licenses/"
rightsIdentifierScheme="SPDX"
rightsIdentifier="CC-BY-4.0"
rightsURI="https://creativecommons.org/licen
ses/by/4.0/"/>
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Standardization of DOl metadata —on

Exploit values from IGS site log/(extended) GeodesyML to semi-automatically populate DataCite schema

GeodesyML

resourceType (M)

1.Site Identification of the GNSS Monument
Site Name/ L e
<geo:siteldent
<geo:siteName>
Further standardization of vocabularies
...under discussion within the GGOS and IGS
12. Responsibl
Agency/
<geo:siteOwner
<gmd:organisationName>

<geo:license codeSpace=

"urn:gnss-metadata.eu:gnss:license" codelist=

"https://gnss-—

metadata.eu/GeodesyML ext/codelists/ rights (O)
license-codelists.xml" codelListValue="CC-BY-

4.0"><! [CDATA[CC-BY-4.0]]></geo:license>

OBSERVATORY
OF BELGIUM

- (@ DataCite

metadata schema v.4.4

SSNO-HIV4

Dataset

<title xml:lang="en">ELISO0ATA -

GGOS

! Global Geodetic
5] Observing System

JENE

|GS INTERNATIONAL
GMNSS SERVICE 1

= - .org/"
nameldentifierScheme="ROR">
https://ror.org/00hjks330</nameldentifier>
</creator>
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<rights xml:lang="en"
schemeURI="https://spdx.org/licenses/"
rightsIdentifierScheme="SPDX"
rightsIdentifier="CC-BY-4.0"
rightsURI="https://creativecommons.org/licen
ses/by/4.0/"/> =
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Standardization of DOl metadata

FAIR-GNSS has elaborated concrete proposal, currently under discussion with GGOS DOl WG
Harmonization within the community as a goal

FAIR principles as key guidelines

Retrieve as much as possible metadata from GeodesyML

Include PIDs, like ROR, ORCID, DOI in DataCite metadata and in GeodesyML and define relation types

Develop recommendations of content for specific DataCite fields that can be also used beyond GNSS
data (e.g. repository = Publisher, agency = Creator, local partners = Contributors)

Issue recommendations, similar to the FDSN recommendations for seismic network DOlIs
(https://doi.org/10.7914/D11596)?

*
L 0.0 0 & ¢
* %k K Kk

ROYAL
OBSERVATORY
OF BELGIUM

SSNO-HIV4

JENE

O
(@]
—
(@)
(on
@D
-
[
—_—
N
o
N
N

GHENT
UNIVERSITY




*
L 0.0 0 & ¢
* %k K Kk

Consequences for GNSS data repository o

OBSERVATORY
OF BELGIUM

Today: Station managers can only insert DOIs for GNSS networks in M3G (6 so far..)

-
. . =
Upcoming version of M3G 5
®
v' Station managers can insert DOI of the dataset of a GNSS station in M3G A =
n
v' M3G contains information on which station belongs to which GNSS network and can Software
potentially set up in the future the link between the GNSS network DOIs and the development
station DOls =
o
-
QO
# Agencies Stations Metadata Catalog EPOS Data Nodes NetworkS Documentatio About ROB -

Managed Networks
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METWORK PRIMARY SECONDARY o
ABBREVIATION METWORK NAME MANAGER? CONTACT CONTACT DOl: ADDITIONAL INFORMATION

ACTIONS
(all) (all) (=zll) (=all) (all) (all) (all)
o hetps://doi.org Observations and metadata from
ROB_GNSS  ROB GNSS Network ROB SR | e e | Tt e | S s T e A S T L 2 —
- Bruyninx & P55 stations operated by the Royal Observatory GHENT
of Belgium (ROE)
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Consequences for GNSS data repository

Today: Station managers can only insert DOIs for GNSS network in M3G (6 so far ...)

Upcoming version of M3G

v’ Station managers can insert DOI of the dataset of a GNSS station in M3G A

Software

v' M3G contains information on which station belongs to which GNSS network and can
development

potentially set up in the future the link between the GNSS network DOIls and the
station DOls

Raise awareness within GNSS community and station managers to .
Symposia

v Get a DOI for the dataset of their GNSS station Splinter meetings

Webinar

v" Insert the DOl in M3G
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ROYAL
OBSERVATORY
OF BELGIUM

Consequences for GNSS data repository

Today: Station managers can only insert DOIs for GNSS network in M3G (6 so far...)

-
=
Upcoming version of M3G o
(€))
v’ Station managers can insert DOI of the dataset of a GNSS station in M3G é
v' M3G contains information on which station belongs to which GNSS network and can Software
. . . development
potentially set up in the future the link between the GNSS network DOIls and the =
station DOls 23
=
®
Raise awareness within GNSS community and station managers to .
Symposia
v Get a DOI for the dataset of their GNSS station Splinter meetings o
v’ Insert the DOl in M3G SUREITED %
For GNSS station managers unable to mint DOls: §
N
ROB will offer to mint DOIs for GNSS data in our repository: é
v" Proposed DOI metadata scheme based on (extended) GeodesyML
Software
v DOl metadata validated by the station managers development T
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Users and DOls for GNSS datasets abobold

{0){:\8
OBSERVATORY
OF BELGIUM
What about agencies using 100-1000 GNSS stations in their data analysis and

wishing to cite the data?

SSNO-HIV4

v" Does a station have a DOI ?

v If the DOI metadata are standardized enough, then possible to develop DOI
services that enable data users to inquire if a GNSS data set is associated with a
DOI

JENE

v" Impossible to cite 100-1000 GNSS station DOls in a paper !

v" Try to develop a service to provide users of the repository on-demand a DOI that A
regroupes the specific set of GNSS stations they are using in a publication. Software

development

v This DOI will link back to the individual station DOI (if existing) through the DOI
metadata
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v GNSS network DOI will still be available
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Summary Babolold

ROYAL
OBSERVATORY
OF BELGIUM

Attributing DOIs to GNSS datasets is important because it allows to
- Cite GNSS data (crucial for crediting researchers and funders)

- Include information on data license

However, only few GNSS data with DOI

SSNO-HIV4

- No good practice of citing GNSS data using DOI in papers

JENE

GNSS data are complex (GNSS stations, local, regional, global networks)

- DataCite metadata scheme allows to deal with complexity of GNSS data

Similar to what was done within the seismological community, GNSS community must agree on

- Common standards for completing the DOl metadata (DOI/station + proposal for populating DOl metadata)
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Discussion started in GGOS Working Group on DOI

Long-term goal Community effort

GHENT
UNIVERSITY




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

ROYAL
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Coming up next:
Preliminary work to implement API for GNSS data
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:j::::::::::::::::jj %
[ I o,
: | [ =
P! RINEX data files I -
! + [
| . (I
: I Station-dependent Iy o
P! metadata I S
| 1 o
| I + I @
: I RINEX-dependent 1 =
P! metadata I =
! o N
I | 1 |
I | 1
| 1 |
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Contents of the webinar

* Part 1 - GNSS data and the data repository

* Part 2 - Introduction to FAIR data principles

* Part 3 - The journey so far: FAIR for GNSS data

Where and how to start?

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data
Restructuring the data repository
Persistent identifiers for GNSS data

API| preparatory work

* Part 4 — Lessons learned and next steps
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API preparatory work

FAIR-GNSS methodology

|

|

RINEX data files |
+ l
Station-dependent |
metadata :

+ |
RINEX-dependent I
metadata :

|

|

...start by answering some questions

?
go'”
\" .
. \N‘(\a . \(\\g\(\d '4,0/ ba
A e N
() 'Qf5‘ q ()/7
g\a‘o\ 0\\)6(\ Ysers ! Gl s
0‘\ eedSP
What ab
d the Ing P\'?
©mm, S . 1, kind Of R
ity > \N‘(\\Ch \?
resTiul AP
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From FAIR guidelines... LR
-
to a practical approach for GNSS data
Downloading daily RINEX data Downloading daily RINEX data =
TODAY FUTURE e e e ?;
= é
BRUXOOBEL BRUXOOBEL : I RINEX data files
02/2021 - 12/2021 02/2021 -12/2021 I : +
. Station-dependent =
|
‘ ‘ I metadata =
L N D
|
RINEX data files = RINEX-dependent
RINEX data files I metadata
+ - S
(@)
Station-dependent ! : : 3
information — APl —— 2222 PIb/pOI-_ =
: 5
RINEX-dependent ’ N
information
Focus on access to GNSS

+ Search capabilities! data & metadata
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Access to (meta)data and FAIR

FAIR principles to enhance the ability of machines to automatically find
and access/use the (meta)data aka machine-readability and actionability

Machine Metadata has Standard
readable access level & communication
metadata @ conditions protocol
[ G
( > g = 77
L} ACCESSIBLE 'I© -o- E

FINDABLE

e Standard communication protocol (e.g. https, ftp) to transmit the data
 Standard metadata formats & API to enable machines to find, access
and interpret (meta)data

e Authentication and authorization + access level metadata

Focus first on

APIs (Application Programming Interface): a set of functions and
procedures to allow applications to access repository data
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API to access to GNSS (meta)data hoboldd

ROYAL
OBSERVATORY
OF BELGIUM

request/search criteria

SSNO-HIV4

Database Web server : >

Programmer

response/output

JENE

search and download data
via API

* allow to search criteria based on user needs
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« provide all necessary metadata about the data/station € rich metadata

e use of standards to ensure machine-readability and interoperability with
other data €< GNSS-DCAT-AP
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Metadata to enable machines to access GNSS data Ak

ROYAL
OBSERVATORY
OF BELGIUM

'g' Metadata provide a machine-readable and structured form of documentation

rich metadata: structured information metadata
* provide all the information a schema: GNSS-DCAT-AP...
user needs to know when [
searching/downloading data

>
2
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7

* several metadata serialization
formats can be provided (user
can select the most suitable)

|
: [ I
I I I

* easy discovery and harvesting I : RINEX data files : | %

of specific data by machines I + I : S

(standardized vocabulary and : | Station-dependent I =
formats) ! : metadata : :

. * Lo o

* interoperability with other data P! RINEX-dependent I S

sets ! : metadata : : 8

: I (I —y

I I ™

b 1 =

| NS

I N

------------ PID/DOI -
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API to access to GNSS (meta)data: il
search for (meta)data

OBSERVATORY
OF BELGIUM

request/search criteria

SSNO-HIV4

JENE

programmer

request/search criteria

* Type of GNSS data

* Time range
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API to access to GNSS (meta)data: bl
retrieve the results of the search

OBSERVATORY
OF BELGIUM

=
9
(.} e .| :
AP Internet %

| Web app
programmer =
response/output o)
=
®

response/output

Depending on the request, different possible outputs:
JSON/CSV etc. files with metadata & links to data files

Simple text with links to data files
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API to access to GNSS (meta)data:
started exploring some examples

UNAVCO b
UNAVCO Unified Web Services

Igpsifile-metadatalfetch-products/beta BNSS/GPS Felch Products Metadata
request/search criteria Beta APIs
Implementation Notes
< | Retrieves summary information, file paths, or file paths with file metadata of products given a list of station_id's between a start and {optional) end date.

POST method service that accepts a json object with the following parameters:
{ 00 } FARAMETERS:
—_— > — ' ' "view™ (string)
AP| +— Internet — summary (summary returns a summary of file information - how many files returned etc..),
list (list returns a list of the fip file paths),

metadata (metadata retumns the list of fip file paths along with other file metadata)
"output™: (string)

Web app oufput type that the user would like returned. current opfions:

if view is summary: "applicationfjson”

programmer it view is list: "text/plain”
it view is metadata: "applicationjson”, or "texticsy”
"dataTypes™ (list)
list of file types. example: ["hatanaka”, "nav”, "obs", "qc", "metl’] or any combinafion. e.g. ["hatanaka”, "qc"]
"products": {list)
list of product types - currently only accepis ‘position’ product type. example: ["position"]
"prettyPrint” (optional): (boolean)
i frue or false for json outputs
"da‘taT},-'pES ", [ "itemns”: (list of objects)
H H items is a list of objects with secondary parameters: stariDate, endDate, and items - there can be several of these objects with different date ranges and items
req ueStlsea rCh Crlterla hatanaka”, "startDate™. desired start date. required. "2019-01-01" or "2019-01-01T00:00:00.000Z",
"ahs' "endDate™ desired end date. can be null. example: "2020-01-01" or "2020-01-01T00:00:00.000Z",
"items". an object of sife id's and accompanying site code (four character id). {"1190"; "P123", "4733"."P123", "410"."SC01"}
* Type of GNSS data 1
"items": [
) I Parameters
* Time range . - .
g endDate™: 2828-81-31", Parameter Value Description _llfjgzmeler Data Type
"items": {
o . "g1@": "SC@1" information data used to access  body Example Value
! ! the rinex files
"1198": "p123" ‘
"dataTypes™: [
}} “hatanaka”,
"startDate™: "2020-81-81" “obs”
} é i "';Lunb - |

. . . i n 1
Parameter confent type: | application/json e e a1



API to access to GNSS (meta)data:

started exploring some examples

{}

—
4—

Internet g 'g'

Web app

programmer
response/output

response/output
Depending on the request, different possible outputs:

JSON/CSV etc. file with metadata & links to data files

Simple text with links to data files

Beta REST-APIs
UNAVCO A

bt
INSFS ~asa

curl UNAVCO Unified Web Services

S

curl -X POST --header ‘Content-Type: application/json’
"dataTypes™: [ \
"hatanaka", \
"obs" \
\

--header ‘Accept: application/octet-stream’ -d "{ \

Response Body

*{tems": [ \

"endDate": "2028-81-31", \
"items": { \
"418": "sce1”, \ {

"1198": "P123" \

\ "pverall file size": 175258988,

s
) \startDate : "2020-81-81" "overall number_ files": 148,
>\ s "items": [
“output”: "text/plain”, \
"prettyPrint": false, \ i

"products™: [ \
"position” \ "site_id": 1198,
"data_type":
"site_code": "P123",
"number_files": 38,
28746900,

"2628-81-81 to 2628-61-31",

"piew™: "list" \ "hatanaka-compression of RIMEX obs",

}' "https://web-services.unavco.c

Request URL "site file size":

"dates_requested"”:

. . "sample_interval”: 15
https://web-services.unavce

"site_id": 41@,
"data_type":
"site code": "SC81",
"number_files": 38,
787386871,

"20828-81-81 to 2828-61-31",

"hatanaka-compression of RIMEX obs",

"site file size":
"dates_requested"”:

"sample_interval": 15

"site_id": 41@,
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API to access to GNSS (meta)data: alabls
lesson learned

OF BELGIUM

We noticed that, so far and in general

SSNO-HIV4

» few non-Beta/operational APIs to download GNSS data

JENE

* no common approach
e different formats

 few metadata available and not in standard formats—>
not FAIR compliant
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P k for API: R
reparatory WOIK TOr : * ek *
ROYAL
: : OBSERVATORY
use cases for search criteria OF BELGIUM
request/search criteria Retrieve RINEX data
< -
{ } B.1 - that have been changed since a specifi >
o0 x
—’ :
< Internet ' ' date ] )
B.2 —based on time range =
] o . Web B.3 — based on a specific RINEX version %
icve station information [ €b app B.4 — based on type of antenna/receiver
_ resbonse /out ut programmer B.5 — including specific signals
A.2 - Zasez on time range P P B.6 — including specific satellite systems or —
A3 N ased on type. of . numbers o)
receiver/antenna/firmware version and 5
date range 2
A.4 — for stations with an external clock .
A.5 — for stations with meteorological GNSS station information , 3N
instruments A o
/ =
. A @
First feedback from GNSS users: -
retrieve data based also on RINEX files g
* monument type S
* co-located geodetic instrumentation ("Local Survey Tie" and i' .
"Collocation Information") —-m . .
* responsible agency and/or operator ﬁ
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Preparatory work for API, next step:

use cases for output format

request/search criteria

programmer

response/output

...complete the API design phase
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Contents of the webinar

* Part 1 - GNSS data and the data repository

* Part 2 - Introduction to FAIR data principles

* Part 3 - The journey so far: FAIR for GNSS data

Where and how to start?

Gap analysis a.k.a. FAIR assessment
Metadata for GNSS data
Restructuring the data repository
Persistent identifiers for GNSS data

API| preparatory work

* Part 4 — Lessons learned and next steps

*
L 0.0 0 & ¢
* %k K Kk

ROYAL
OBSERVATORY
OF BELGIUM

SSNO-HIV4

JENE

O
(@]
—
(@)
(on
@D
-
[
—_—
N
o
N
N

GHENT
UNIVERSITY




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

ROYAL
OBSERVATORY
OF BELGIUM

SSNO-HIV4

JENE

Part 4 - Lessons learned and next steps
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Understand FAIR data principles

—> Help from University of Ghent

How to apply FAIR data principles in
practice to GNSS data in our
repository?

- Methodology

Summary

FAIR-GNSS project timeline

Design Implement

Explore

.

Downloading daily RINEX data

BRUXOOBEL
02/2021 - 12/2021

. &

FAIR Digital Object

RINEX data files
+
Station-dependent
information
+
RINEX-dependent
information

FAIR-GNSS approach:

work plan

Gap-analysis

o
(@)
. o
* Missing S
provenance D
information —
—
—
*  Almost no DOI -
in use N
]
Need for NG
standardized
metadata

- Identified
what info is missing '
DOI for GNSS data API for HDC

Data portal
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Summary Balalolt

ROYAL
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FAIR-GNSS project timeline

>
2
(D)
=
n
7

Explore Design Implement =
®
/ o
Q.
Metadata standards New repository database Persistent identifiers API %
* Station-dependent metadata: Including all information to DOI for GNSS data =
generate rich metadata as S
= Extended GeodesyML proposal e 5y e R A - Standardization of GNSS Open data portal §
» RINEX-dependent metadata principles DOU oo

- GNSS-DCAT-AP proposal
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at the beginning of the FAIR-GNSS project

Q

N

FINDABLE

]
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Summary Lottt

ROYAL
OBSERVATORY
OF BELGIUM

FAIR-GNSS project timeline

>
Q 5 &
w
w
Explore Design Implement
=
)
S
>
D
Populate repository Metadata standards Persistent identifiers API 8
database o)
» Station-dependent metadata: * Insertion of DOI for GNSS * Use cases available L
* Software extended GeodesyML to be stations: almost ready in M3G _ =
implemented implemented in M3G * To be implemented O
*  DOI minting service: to be from scratch N
* Now running * RINEX-dependent metadata: implemented >
GNSS-DCAT-AP to be
implemented from scratch Open data portal

* To be implemented

(not from scratch) GHENT
UNIVERSITY




*
L 0.0 0 & ¢

Summary Lottt

ROYAL
OBSERVATORY
OF BELGIUM

FAIR-GNSS project timeline

rN PN

Limited duration project = not possible to wait for community
agreements on metadata standards

SSNO-HIV4

Need to start implementing using current FAIR-GNSS proposals

If community will request metadata changes later on, ROB will adapt its
code accordingly

/ T~
Multiple development cycles and each time we get a bit closer to FAIR

=
D
(=3
)
Q
©

Populate repository API 8
o
database . . . . . o
But, repository databases must be filled first (rest is about exporting) e  Use cases available @
* Software extended GeodesyML to be Stations: almost ready In VG _ =
implemented implemented in M3G * To be implemented O
*  DOI minting service: to be from scratch N
* Now running * RINEX-dependent metadata: implemented >
GNSS-DCAT-AP to be
implemented from scratch Open data portal

* To be implemented

(not from scratch) GHENT
UNIVERSITY
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Lessons learned —o

OBSERVATORY
OF BELGIUM

2-year project
24PM for ROB (1 person...)
11PM for University of Ghent

SSNO-HIV4

Took time to really understand FAIR data principles (lost in all different metadata standards)

Much more people involved
* Almost whole GNSS team at ROB had to get involved in this adventure
* Underestimated the time to
* Interacting with the community
» Data providers (data license, DOI)
* Working groups: agree on standards for metadata, known to be a very slow process
* Restructure the repository

JENE

A lot of implementation work is still waiting

* Project will be extended until Sept. 2023

* And we will continue after the end of the project

* Improve core service that ROB has been offering to the EUREF community

* With the goal to evolve step by step towards becoming a trustworthy data repository
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Your feedback is welcome! —
OBSERVATORY
OF BELGIUM
Proposal for station-dependent metadata Proposal for RINEX-dependent metadata
>
22
O https://github.com/ROB-GNSS/GeodesyML proposal O https://github.com/ROB-GNSS/GNSS-DCAT-AP %
(0))

Follow IGS for the upcoming version of the extended GeodesyML:
Q https://github.com/International-GNSS-Service/GeodesyML

=
()
O
)
Q
©

@)
Contact us S
D
) =
FA' R G N S S fair-gnss @observatory.be §
N
* =
-ﬁvgz T
yfobe oNss gy W @UGentRom i}
o attam UNIVERSITY GHENT

UNIVERSITY


https://github.com/ROB-GNSS/GeodesyML_proposal
https://github.com/ROB-GNSS/GNSS-DCAT-AP
https://twitter.com/be_gnss
https://twitter.com/UGentRDM
https://github.com/International-GNSS-Service/GeodesyML
https://fair-gnss.oma.be/

