
ROYAL 
OBSERVATORY 

OF BELGIUM

Guidelines for EUREF Densifications

J. Legrand(1), C. Bruyninx, Z. Altamimi, A. Caporali, A. Kenyeres, M. Lidberg

(1) Royal Observatory of Belgium
Citation: J. Legrand , C. Bruyninx, Z. Altamimi, A. Caporali, A. Kenyeres, M. Lidberg (2021) 

Guidelines for EUREF Densifications, Available from Royal Observatory of Belgium, 
https://doi.org/10.24414/ROB-EUREF-Guidelines-DENS

EU
R

EF
  S

ym
p

o
si

u
m

, O
n

lin
e 

fr
o

m
 L

ju
b

lja
n

a,
 2

6
 M

ay
 2

0
2

1

https://doi.org/10.24414/ROB-EUREF-Guidelines-DENS


ROYAL 
OBSERVATORY 

OF BELGIUMContext

• Guidelines for EUREF densification campaigns

• procedure for 
• computing station coordinates (and velocities) in the ETRS89

• requesting a validation of the densification campaign by the EUREF GB 

• framework: national densification campaigns of the ETRS89
• No link with the “EPN Densification Working Group“

• Guidelines have been updated and adopted by the EUREF GB (April 2021)
• Announced in EUREF Mail 10683 (12/05/2021)

• Added clarifications (criteria for reference station selection, velocity estimations,…)

• Removed classification (A/B) of EPN reference stations

• Introduced the Tool for reference stations selection

• Included the IGb14 reference frame

https://epncb.oma.be/ftp/mail/EUREF/eurefmail.10683

https://epncb.oma.be/ftp/mail/EUREF/eurefmail.10683
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• Set Up of the Campaign

• GNSS Data Analysis

• Stacking and Reference Frame Definition

• Transformation to ETRFYYYY

• Validation by the EUREF Governing Board
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• EUREF densification campaign:
• GNSS observation campaigns:

• Few days/weeks (> 3 days)

• Longer duration of time:
• Permanent GNSS stations (preferred)

• Repeated GNSS observations (discouraged) 

• Duration of the campaign
• Class A (> 3 years of observation)

• Positions (precision: 1cm at all epochs)

• Velocities (precision: 1 mm/yr)

• Class B 
• Positions (precision: 1cm at the epoch of 

minimal variance)

• Reference Frame Product
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• Goal: Positions (and velocities) of the EUREF 
densification campaigns reliably expressed in 
ETRS89 
• Positions (and velocities) consistent with other 

countries

• Reference frame definition done by aligning the 
positions (and velocities) of your EUREF 
densification campaign wrt to the positions (and 
velocities) of a reference frame solution using 
reference stations

• Good consistency between the positions (and 
velocities) of the EUREF densification campaign 
and the positions (and velocities) of the reference 
frame product

• EUREF Reference Frame Product

EUREF 
densification 

campaign

EUREF 
Reference 

Frame Product

reference 
stations
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• Multi-year position & velocity solution
• using CATREF [Altamimi et al. 2007]

• expressed in IGb14

• EPN daily SINEXs: 1996-now
• EPN-repro2 solutions (1996-2013)

• Operational solutions (2014-now)

• Solution is updated each 15 weeks:
• Official Positions & Velocities in IGb14, 

ETRF2000 and ETRF2014 for stations with 
more than 3 years (360+ stations)

• List of position & velocity discontinuities

• List of daily outliers

• Cleaned position time series

• Rapid time series (updated on a daily basis)

https://epncb.oma.be/_productsservices/coordinates

https://epncb.oma.be/_productsservices/timeseries

DOI of the last EPN Reference Frame Product
https://doi.org/10.24414/ROB-EUREF-C2145

https://epncb.oma.be/_productsservices/coordinates
https://epncb.oma.be/_productsservices/timeseries
https://doi.org/10.24414/ROB-EUREF-C2145
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Before C2145 After C2145

Velocities 
published for

Class A stations
Stations > 3 years 

No post-seismic deformation model applied

Files for stations 
with velocities

282 stations
EPN_A_[IGb14/ETRF2000/ETRF2014]

360 stations
EPN_[IGb14/ETRF2000/ETRF2014]

Files for stations 
with positions 

only

151 stations
EPN_B_[IGb14/ETRF2000/ETRF2014]

73 stations
EPN_[IGb14/ETRF2000/ETRF2014]_short

How to evaluate 
the quality of the 

stations?
A or B

New station categories
“On-line Reference Station Selection Tool”
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• Same basic principles as in the previous version of guidelines

• But,

• more detailed

• more reference stations should be included in the processing 

• 15 a priori stations 

• 10 after checking the position and velocity agreement between the densification campaign and 
the EUREF reference frame product

• To help the user:

• station categories

• “On-line Reference Station Selection Tool”
See next presentation 

“On-line Reference Station Selection Tool”
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• Set Up of the Campaign

• GNSS Data Analysis

• Stacking and Reference Frame Definition

• Transformation to ETRFYYYY

• Validation by the EUREF Governing Board
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• How to estimate daily positions?

• Network approach

• GNSS data

• Equipment: comply with “Guidelines for EPN Stations and Operational Centres”

• Antenna/radome with absolute antenna calibrations

• GNSS processing options:

• Conform with procedure used by EPN Analysis Centers

• IGS orbits and ERP

• Absolute antenna calibrations (epn_14.atx)

• Guidelines for EPN Analysis Centres

• Minimal Constraints to align daily solutions to the EUREF reference frame solution (IGb14)

• Verifications (ambiguity resolution, daily agreement with reference solution, gross outliers)

Goal: Good consistency between the densification 
solutions and the EUREF reference frame solution!
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• Stacking of the daily solutions to estimate positions (and velocities) at the central epoch of 
observations

• Align to EUREF reference frame product (IGb14) using minimal constraints on positions (and 
velocities) using a selection of reference stations

• Verifications:

• Outliers rejection

• Positions changes  discontinuities

• For EPN stations:
• Agreement with EUREF reference frame product

• Discontinuities/outliers

• Positions and velocities

• Reference stations: check the agreement of positions
and velocities, reject stations, iterate
• Positions (expected 5 mm, max 1 cm)

• Velocities (threshold is function of the number of years)
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• Convert IGb14/ITRF2014 positions at t0 and velocities to ETRFYYYY

• using EUREF TN-1 (Altamimi, 2018) 

• using ETRS89/ITRS transformation tool on the EPN web site

• Verifications:

• Compare to previous EUREF densification campaigns 

https://epncb.oma.be/_productsservices/coord_trans/

http://etrs89.ensg.ign.fr/pub/EUREF-TN-1.pdf
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• Set Up of the Campaign

• GNSS Data Analysis

• Stacking and Reference Frame Definition

• Transformation to ETRFYYYY

• Validation by the EUREF Governing Board
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• Announce to GB chair one month prior to GB

• Submit written report and deliverables 2 weeks prior to GB

• Present results at GB
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• “Guidelines for EUREF densifications”
• How to compute station coordinates (and velocities) in the ETRS89 using the EUREF 

Reference Frame Product

• New version published

• EUREF Reference Frame Product
• Class A/B for EPN reference stations replaced by more detailed station categorization

• Files EPN_A_[IGb14/ETRF2000/ETRF2014]
and EPN_B_ [IGb14/ETRF2000/ETRF2014] are not maintained any more

• replaced by EPN_[IGb14/ETRF2000/ETRF2014] 
and EPN_[IGb14/ETRF2000/ETRF2014]_short 

• See EUREF Mail 10683 (12/05/2021)

• Tool for selection of reference stations

https://epncb.oma.be/ftp/mail/EUREF/eurefmail.10683

See next presentation 
“On-line Reference Station Selection Tool”

https://doi.org/10.24414/ROB-EUREF-Guidelines-DENS

https://epncb.oma.be/ftp/mail/EUREF/eurefmail.10683
https://doi.org/10.24414/ROB-EUREF-Guidelines-DENS
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EUREF Permanent Network Central Bureau

https://epncb.oma.be/

EUREF Reference Frame Product

https://epncb.oma.be/_productsservices/coordinates/

https://epncb.oma.be/_productsservices/timeseries/

Guidelines for EUREF densifications

https://doi.org/10.24414/ROB-EUREF-Guidelines-DENS

Tool

https://epncb.oma.be/_productsservices/ReferenceFrame/

Background on the Station Categories 
https://epncb.oma.be/_productsservices/ReferenceFrame/Station_Classification.php

Background on the tool

https://epncb.oma.be/_productsservices/ReferenceFrame/Tool.php

Contact

juliette.legrand@oma.be or epncb@oma.be

https://epncb.oma.be/
https://epncb.oma.be/_productsservices/coordinates/
https://epncb.oma.be/_productsservices/timeseries/
https://doi.org/10.24414/ROB-EUREF-Guidelines-DENS
https://epncb.oma.be/_productsservices/ReferenceFrame/
https://epncb.oma.be/_productsservices/ReferenceFrame/Station_Classification.php
https://epncb.oma.be/_productsservices/ReferenceFrame/Tool.php
mailto:juliette.Legrand@oma.be

