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NETWORK A
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Changes in station network since May 2019 T

363 EPN stations

*28 new EPN stations

First EPN stations in Montenegro
and Belarus!

Decommissioned stations:
BZRGOOITA, CASBOOIRL, EDINOOGBR, PFA200AUT,
TARIOOESP
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Inactive stations

BISKOOCZE, VACOOOCZE, DYNGOOGRC, :
ELBAOOITA, UNTROOITA, ENISOOGBR
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No budget to keep station alive A ‘

Problematic data provision to EUREF FeXY3] 2021 Apr 21 11:33:04
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SATELLITE CONSTELLATIONS

Tracked Constellations
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RINEX format
OBSERVATORY
OF BELGIUM
100% _ _ m
Stations with RINEX 3 82% %
80% m
From 15t Jan. 2020 § 60% 5<3”
3]
 RINEX 3 data submission mandatory for 3 0% 3
stations: 20% =
* tracking more than two frequencies 0% '3
* tracking satellite systems in addition to GPS and 2010 2ot 2018 _ 2019 2020 2021 %
GLONASS Time =
%)
o
* RINEX must be created from RAW receiver data =
* RINEX 2 = RINEX 3 not allowed ! 100'% L
~ Stations without RINEX 2 S
X 80% %-
* RINEX 2 optional = o
2 60% %
: 3
g 40 % RINEX 2 optional =
S
%
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AVAILABILITY RN
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Availability of daily RINEX data

EUREF mail 10552: BKG switch from ftp to sftp upload from March 2, 2021

360

320 v RO ,W M e # daily RINEX files available from BEV

240
200
160

120 # daily RINEX files A lot of stations were not ready

80 At 1:00 UTC on March 3 available from BKG for switch to sftp!

40 50% less Station managers should
data at BKG subscribe to EUREF mail

Jan-01 Feb-01 Mar-01 Apr-01 May-01
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# uploaded daily RINEX files with
a latency below 01 hour
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Availability of daily RINEX data

EUREF mail 10552: BKG switch from ftp to sftp upload from March 2, 2021

560 # daily RINEX available within 3 days

520
480
440

400 . |
360 # daily RINEX files

available from BKG
320

280
240

200 Data upload to BKG almost back
160 to normal
120 (~ 10-15 missing daily data files
80 at BKG compared to BEV)
40

" # daily RINEX files available from BEV
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REAL-TIME RN
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RTCM format

m
GUIDELINES FOR EPN STATIONS & OPERATIONAL CENTRES C
(last update Oct. 2019) MSM4 I?IEI
i

5% 7

3.3.4 The format of the data stream should be RTCM 3.x. It is VISV ~§
recommended to use RTCM-Multiple Signal Messages (RTCM-MSM). The 479 k=
advantage of the RTCM High Precision MSM (HP-MSM) message types ’ %’
will be the full compatibility with RINEX 3. E
)

(@)

3.3.10 .... The use of MSM 7 is recommended while MSM4 or MSM5 are g
allowed. S
MSM5 ol

34% S

’ =

=

[

=

DGNSS uses, Pseudorange, (conventional and advanced) %

Q

RTK uses, Pseudorange only 50% of EPN stations provide real-time streams. “@

RTK uses, Pseudorange (i.e. Code) and PhaseRange (i.e. Carrier) From 180 real-time streams %

RTK uses, Pseudorange, PhaseRange, CNR (but No Doppler) * 3% GPs-only g

*  13% GPS+GLO

RTK uses, Pseudorange, PhaseRange, Doppler, CNR . 84% GPS+GLO+GAL+..

RTK uses, Pseudorange, PhaseRange CNR, with high resolution

eur-t

RTK uses, Pseudorange, PhaseRange, Doppler, CNR, with high resolution
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REAL-TIME

Real-time EPN streams = Access to ETRS89

Access to ETRS89 requires reliable ETRS89 positions in stream

20-Jan-2020 EUREF mail 10121 Reminder: ETRS89 coordinates in
real-time EPN data streams

* 14 streams with more than 50 cm position deviation from
ETRS89

* 78 streams with more than 5 cm position deviation from
ETRS89

Warnings reported in individual station web page of EPN CB
(Section “Data Provided”)

*  WARNING: 2021/04/21 00:01 RTCM 3.1/1006: Coordinate
difference with ETRS89 (0.46 m) exceeds threshold

Number stations

125

100

75

50

25

0cm <= pos.diff. 5cm <= pos.diff. 10cm <= 0.5m <= 1m <= pos.diff.
< 5cm < 10cm pos.diff. < 0.5m pos.diff. < 1m

Difference between coordinate in stream and ETRS89 reference coordinate
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http://epncb.oma.be/ftp/mail/EUREF/eurefmail.10121

National ETRS89
coordinates differ from
EUREF coordinates due

IGS stations
using ITRS
coordinates in

Status end of April 2021
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EPN Data Qua | |ty — Galileo tracking OOF BELGIOM

Incomplete Galileo tracking at receivers with lower number of channels
(~120)

February 2019, more than 20 operational Galileo satellites.

Average drop of 10% in Observed/Expected for Galileo for
receivers with lower number of channels.

EUREF symposium 2018:
Drop in Galileo tracking when activating BeiDou tracking

. Solution provided by LEICA:
EUREF symposium 2019: - Update to ME FW 6.713

Galileo tracking also degraded at stations not tracking BeiDou - deactivate BeiDou, L2C (GPS, GLO)

EUREF symposium 2021:
Based on site log info and/or quality checks

We suspect that the following EPN stations need to implement proposed solutions:
(status end of April 2021!)
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CNIVOOUKR DNMUOOUKR GSR100SVN POLVOOUKR PRYLOOUKR IGEOOOMDA MIKLOOUKR MARPOOUKR
AUTNOOFRA BRMFOOFRA BSCNOOFRA CAENOOFRA EGLTOOFRA ENTZOOFRA FOYLOOGBR GRACOOFRA GUIPOOFRA ISTAOOTUR LIL200FRA

LROCOOFRA MARSOOFRA MLVLOOFRA PUYVOOFRA SCOAOOFRA cur {
TLMFOOFRA VFCHOOFRA
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Observed/expected observations (%) ROYAL
OBSERVATORY
o Improvement when upgrading to ME 6.713! _ OF BELGIUM
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Quality * 3 Kk Kk
* % Kk %
Observed/expected observations (%) ROYAL
OBSERVATORY
- Improvement when upgrading to ME 6.713! _ OF BELGIUM
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EPN Data Qua | |ty — BeiDou tracking opeR VAL
OF BELGIUM
100
90 1 I N N P e
u%_ c 80__ \W T
w5 704/°
Q 10
ol /
o = 60 T
X~ ]
50'_ — GAL 2+f(0°) L 1f(0°) "\ Today: Slow improvement thanks to modernization of
401 — BDS 2+f(0° BDS 1f(0°) equipment in some stations

2014 20152016 2017 2018 2019 2020 2021

Observed/expected observations %
EIJSOONLD - RINEX 3
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End 2018: Decrease of dual T o | g
frequency BeiDou observations in ig [0 :.!: :
EPN due to new BeiDou-3 s 4 A R
o = 5 : & - e | 5
satellites 30 Bt .
3] 10 | ek T
0 ! :
Many EPN Stations incapab|e of 0012020 0OBL/2020 1222020 1832020 2452020 3062020 0012021 O60/2021 12172021
q Date
observing dual frequency data of
q q + GP5 2+ freq « GLO 2+ freq = GAL 2+ freq
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News Tl

* New RINEX format 3.05 published on 1 December, 2020

http://epncb.oma.be/ documentation/formats/rinex.php
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http://epncb.oma.be/_documentation/formats/rinex.php
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http://epncb.oma.be/ documentation/formats/rinex.php

* Monthly sky plots per constellation
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http://epncb.oma.be/_documentation/formats/rinex.php

2021/091 BRUXO0OBEL
RINEX v3
o0 6 9 12 15 18

e GPS 2+ freq.
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e GAL 2+ freq.
_2 e BDS 2+ freq.
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2021/091
RINEX v3
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http://epncb.oma.be/ documentation/formats/rinex.php

* API for coordinate transformation
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http://epncb.oma.be/_documentation/formats/rinex.php
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API for on-line coordinate transformation OBSERVATORY

TEETEE Tars e

The form below allows to transform on-line coordinates (position and velocity) between realisations (ETRFxx) of the European Terrestrial

Reference System (ETRS89) and realizations (ITRFyy) of the International Terrestrial Reference System (ITRS). In case input and output . H
coordinates are requested at different epochs, then station velocities are mandatory. http.//epan.Oma.be/ prOdUCtsserVI
For transformations to and from the Galileo Terrestrial Reference Frame (GTRF), use ITRF. GTRF is aligned to current versions of the ITRF. CeS/COO rd tra nS/

Explanation and examples are available from the following tutorial.

Lnt Test API created for coordinate
Frame : ETRFSQ |v transfo rmation
Epoch : 2000 || 00 |v

s starting by £ are treated as comments

{in decimal format) should be separated by at least one space Interested to test and help to
haracter) X[m] ¥Y[m] Z[m] : improve API?

ace character) H[m] ¥[m] Z[m] VE[m/yr] V¥[m/yr] VEZ[m/yr] :

00 o D) R A
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. Contact epncb@oma.be

Frame : ETRF29 |+

Epoch : 2000 |v|| 00 |v

Options cur {
O show intermediate steps Change epoch format:|  Decimal Year: YYYY.DDD ~
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http://epncb.oma.be/_productsservices/coord_trans/
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http://epncb.oma.be/ documentation/formats/rinex.php

Station picture submission moved from EPN CB to M3G https://gnss-metadata.eu
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http://epncb.oma.be/_documentation/formats/rinex.php
https://gnss-metadata.eu/
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ROYAL

Conclusions OBSERVATORY

EPN = Full multi-GNSS network of 363 stations

* Real-time streams

* Number of real-time streams stable (50%), multi-GNSS in real-time stream increases
* Reference coordinates in real-time streams not always reliable!

* EUREF station managers are urged to subscribe to EUREF mail (send mail to epncbh@oma.be)

* Changes at EPN data centers!
* Issues with specific receivers/firmware
* EPN guidelines/recommendations

* Few data quality issues
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* Lower-channel receivers continue to struggle with increasing number of Galileo satellites
* Slow improvement of BeiDou tracking thanks to modernization of equipment

eur-t

EUREF2021


mailto:epncb@oma.be

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

ROYAL
OBSERVATORY
OF BELGIUM

Thanks to all EPN station managers for their support to the EPN

Contact:
Carine Bruyninx
C.Bruyninx@oma.be
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GNSS@ROB activities are
C‘ supported by the Solar-terrestrial Centre of EPN Central Bureau
EXCE”EHCE epncb@omabe

receiving funding from EU's H2020 research . cuUr {
and innovation programme (GA 871121) http/éw;’\;vgoeganelr/
receiving funding from Belgian Science Policy - russels

II Offi GA FSIRI/33/EPI).
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