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Guidelines to

- derive positions/velocities expressed in the 
ETRS89 using data from the EUREF 
Permanent Network

- report to the TWG about the computation 
in case a validation of the ETRS89 
densification is desired
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Selection of the GNSS 
Network
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These are the stations for which you wish to submit new 
ETRS89 coordinates to the EUREF TWG for validation

• They are NOT EPN stations

• Equipment should comply with requirements for EPN 
stations, see “Guidelines for EPN Stations and 
Operational Centers”

• Antenna/radome with absolute antenna calibrations
(same requirements as for an EPN station)

• At least 3 days / 24 hours observations
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LAST ITRS densification of the EPN:

EPN class A stations (EPN_A_IGb08.SSC,  POS+VEL)

Step 1:

Select 

• at least 5 Class A EPN reference stations around the densification 
area (the more the better, and the larger the geographical area, the 
better)

• + all Class A EPN stations in the densification area

Step 2

Check for each station from step 1  time series at EPN CB

• Data availability during densification 

• Antenna change during densification and after date of last Class A 
realisation

• Avoid stations with noisy time series or large periodic signals
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LAST ITRS densification of the EPN:

ftp://epncb.oma.be/pub/station/coord/EPN

EPN class A stations 

EPN_A_IGb08.SSC  EPN_A_IGb08_C1875.SSC (POS+VEL)

EPN_A_IGb08.SNX.Z  EPN_A_IGb08_C1875.SNX.Z
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Last data for ACOR included: 353/2015

Campaign period included 
in period covered by Class 
A coordinates 

Campaign period not included 
in period covered by Class A 
coordinates (more recent 
campaign)

OK, ACOR can be used 
as reference station

Check ACOR time series (quick 
update) and verify no coord
jump since last Class A 
computation
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http://epncb.oma.be/_productsservices/timeseries
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OK, ACOR can be used as 
reference station
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GNSS Data Analysis
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Conform with procedure used by EPN Analysis Centers

• Final IGS orbits and ERP (from IGS AC also accepted)

• Absolute antenna calibrations + individual where available
ftp://epncb.oma.be/pub/station/general/epn_08.atx

• Daily network solutions (minimally constrained)

Guidelines for EPN Analysis Centres:
http://epncb.oma.be/_organisation/guidelines/proc_opt.pdf

ftp://epncb.oma.be/pub/station/general/epn_08.atx
http://epncb.oma.be/_organisation/guidelines/proc_opt.pdf
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Definition
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• Stacking of daily network solutions

 positions (& velocities?)

• If 3+ years → velocity estimation

• If 3- years: 

• if station coordinates in ETRS89 change due to
intraplate deformations by more than 1 cm over 
project duration

 Velocity estimation
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• Goal to 

• create time series of daily coordinates

• estimate coordinates (and velocities) for all stations included in 
the network (densification & reference stations)

• Input in the stacking: 
• daily SNX files

• Reference station network information:

SSC file (coordinates & velocities) 
EPN_A_IGb08.SSC
take into account 

Epoch of coordinates
Solution numbers 
(discontinuities + LINK)

SNX file
EPN_A_IGb08.SNX
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Reference Frame Alignment of 
Stacked Solution

Use Minimal Constraints :

Only coordinates Coordinates and velocities

Recommendation on which parameters depends on 
software

• Translation only

• ….

• 7 parameters
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• ITRS (IGb08) coordinates @ epoch of observation 

• densification stations 

• reference stations

• ITRS (IGb08) coordinates and velocities

• densification stations 

• reference stations
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• Convert estimated

• ITRFyy positions at tobs

• ITRFyy positions and velocities

• to ETRS89 (Memo by Boucher and Altamimi)

• ETRF2000 (current standard frame) for new projects

• ETRFyy for comparisons with coordinates from

previous national frames can be made

http://epncb.oma.be/_productsservices/coord_trans/
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• Daily coordinate repeatability (in North, East, Up) 

• ~1mm in the horizontal, ~3mm in the vertical

• Quality of chosen reference stations

Agreement of estimated positions (and velocities) of the EPN reference 

stations with the reference positions (and velocities) EPN_A_IGb08.SSC 

• < 10 mm in position, < 3 mm/yr in velocity  OK

• 10+ mm in position or/and 3 mm/yr in velocity  Eliminate affected 

station from list of reference stations (try to understand why – time 

series)
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• No velocity estimation?:

• Check variation of ETRS89 positions over time. If more than 1 cm, 

then site velocities should have been estimated. 

• Validity of ETRS89 coordinates:

• Compare estimated ETRFyy coordinates with the ETRFyy

coordinates obtained from previous EUREF densification 

campaigns  (make sure to transform in same ETRS89 frame). 
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Procedure
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Densification
Stations

Reference 
Stations Orbits, ERP, 

Antenna models

GNSS Data Analysis

Daily Network 
Solutions 

EPN_A_IGb08.SNX

ITRF site 
coordinates

EPN_A_IGb08.SSC

Deliverable

Optional

External Info

ITRF site 
velocities

ETRF site 
coordinates

ETRF site 
velocities

EPN time seriesEPN site logs

Minimally
Constrained

SINEX Solution

EPN_A_IGb2008

Stacking

Velocity
Estimation?

Project related

Verification

Select EPN Class A stations:
• All inside area
• At least 5 outside
• Check if data available during densification
• Make that station has Class A 

positions/velocities for densification period 
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Densification
Stations

Reference 
Stations Orbits, ERP, 

Antenna models

GNSS Data Analysis

Daily Network 
Solutions 

EPN_A_IGb08.SNX

ITRF site 
coordinates

EPN_A_IGb08.SSC

Deliverable

Optional

External Info

ITRF site 
velocities

ETRF site 
coordinates

ETRF site 
velocities

EPN time seriesEPN site logs

Minimally
Constrained

SINEX Solution

EPN_A_IGb2008

Stacking

Velocity
Estimation?

Project related

Verification

GNSS data analysis using 
reference stations 
+ densification stations 
+ external info 
To obtain daily network 
solutions
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Densification
Stations

Reference 
Stations Orbits, ERP, 

Antenna models

GNSS Data Analysis

Daily Network 
Solutions 

EPN_A_IGb08.SNX

ITRF site 
coordinates

EPN_A_IGb08.SSC

Deliverable

Optional

External Info

ITRF site 
velocities

ETRF site 
coordinates

ETRF site 
velocities

EPN time seriesEPN site logs

Minimally
Constrained

SINEX Solution

EPN_A_IGb2008

Stacking

Velocity
Estimation?

Project related

Verification

Stack the daily solutions

Reference :
• Pos+vel from SSC or SINEX

More than 3 years  estimate Pos+Vel

Generate minimal constrained stacked 
solution
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Densification
Stations

Reference 
Stations Orbits, ERP, 

Antenna models

GNSS Data Analysis

Daily Network 
Solutions 

EPN_A_IGb08.SNX

ITRF site 
coordinates

EPN_A_IGb08.SSC

Deliverable

Optional

External Info

ITRF site 
velocities

ETRF site 
coordinates

ETRF site 
velocities

EPN time seriesEPN site logs

Minimally
Constrained

SINEX Solution

EPN_A_IGb2008

Stacking

Velocity
Estimation?

Project related

Verification

For densification stations and 
reference stations

ITRF positions@t campaign
or
ITRF positions & velocities 
 transform to ETRF
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Densification
Stations

Reference 
Stations Orbits, ERP, 

Antenna models

GNSS Data Analysis

Daily Network 
Solutions 

EPN_A_IGb08.SNX

ITRF site 
coordinates

EPN_A_IGb08.SSC

Deliverable

Optional

External Info

ITRF site 
velocities

ETRF site 
coordinates

ETRF site 
velocities

EPN time seriesEPN site logs

Minimally
Constrained

SINEX Solution

EPN_A_IGb2008

Stacking

Velocity
Estimation?

Project related

Verification

Verifications:
• Reference stations: Agreement 

between estimated pos (+vel) and 
original Class A IGb08 values 
 Remove reference station if 

not OK
• All stations: check residual time 

series and reject outliers
• ETRF of all stations: variation due to 

intraplate motion below 1 cm 
during project. If not  estimate 
velocities during stacking!

• Densifications stations: Agreement 
between estimated ETRFyy and 
ETRFyy from previous campaigns
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Report & 
Deliverables



ROYAL 
OBSERVATORY 

OF BELGIUMSteps

• Announce to TWG chair one month prior to 
TWG

• Submit written report at least 2 weeks prior 
to TWG

• Present results at TWG
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• Description of the densification project
• List of densification stations (full names, 4-char ID, domes numbers, 

map), Observation period (permanent, campaign type)

• GNSS equipment (IGS standard names for receiver and 
antenna/radome),  Monument description

• Description of other data used in the 
processing
• Identification of Class A solution + List of chosen reference stations 

(including discontinuities applied) 

• List of verifications performed to check their performance during 
the densification project

• If used, list of EPN SINEX solutions

• List of orbits, ERP, Antenna calibration models
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• Description of processing strategy

• Software (and version), Schematic processing method, Elevation cut off, Positioning 
mode (double difference network mode, …), Modeling of loading effects, Ambiguity 
resolution strategy, Modeling of troposphere (e.g. a priori model, mapping 
function, constraints, gradients, …), Modeling of ionosphere (e.g. higher order 
corrections)

• Optional: alternative strategies for test purposes

• Method for combining daily network solutions in one densification solution, 
Parameters used in minimal constraints

• Results from the GNSS processing
• Daily mean ambiguity resolution percentages

• Comparison of the daily coordinates solutions (repeatability in North, East and Up). 
Outliers and discontinuities should be identified, explained and eliminated. 
Comparison between estimated ITRF coordinates and latest EUREF densification of 
ITRF (indicate which one was used) for reference stations

• Transformation to the ETRS89 (frame, including parameters used)

• Comparison between new ETRS89 coordinates and ETRS89 coordinates from 
previous ETRS89 densifications
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• Site logs 

• Minimally constrained solution in the SINEX format

• List of positions for all stations in the network in the ITRFyy at epoch of 
observation

or
List of positions & velocities of all stations in the network in the ITRFyy (for 
densification projects requiring velocity estimation)

• List of positions for all stations in the network in the ETRS89 (indicate the 
frame used) at epoch of observation 

or
List of positions & velocities for all stations in the network in the ETRS89 
(indicate the frame used) 

• List of reference stations

• ITRFyy coordinates and velocities (+ discontinuities) used for the reference 
sites
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• IGb08  IGS14

Questions?


