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3.- BSW 5.0 vs BSW 5.2: upgrading, tests and results
4.- Perspectives



Introduction

EPN Local Analysis Centres 
Workshop
Brussels - May 15-16, 2013

UPA LAC’s background:

• The LAC center at the University of Padova operates since 1999 in 
support of the EPN weekly computations.

• Based on the knowledge and experience gained, a growing network 
of Italian stations is processed in parallel to the EPN sub network.

• At this time some 400 Italian permanent stations are computed in 10 
regional clusters, and the corresponding normal equations are 
stacked on a daily and weekly basis to generate one minimally 
constrained normal equation for the entire network.

• The parallelism between the EPN and the National networks is 
crucial to synchronize the processing standards (e.g. antenna files, 
solution numbers of EPN class A sites included in the processing). 
Time series of the national network are created by normal equation 
stacking. 
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UPA LAC’s background:

• A detailed spectral analysis is carried out to characterize the 
noise and estimate the true uncertainty of the velocity. This work 
is useful in two ways:
 One is the densification and maintenance of the INSPIRE 

standard ETRS89 at the national level, which is requested by 
Governmental Agencies (Cadastre, Regional MCA's, the Italian 
NMCA IGMI)

 The other is the monitoring of the horizontal gradients of the 
velocities, i.e. the strain rate tensor, and its relationship to 
seismic provinces, in collaboration with the Civil Protection and 
the National Institute of Geophysics and Volcanology. 

• In the event of earthquakes (e.g. 2012 Emilia sequence), the UPA 
LAC proved the capability of rapid computation (24 hr lag) of the 
coseismic displacements using rapid/ultrarapid IGS products.

• Similar objectives are pursued within the activities of the 
CEGRN: Coordinates, Velocities and strain rates for a relatively 
dense network in Central Europe are computed following the 
guidelines for EPN densification.
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ETRS89 Densification:

• Weekly, 400+ Italian stations are processed. 
• Data include:

 EPN sites
 RDN sites (presented in the EUREF 2009 symp., Florence)
 RTK broadcasting sites

• Adjustment strategy: 
 Minimum constraints of EPN class A sites mapped to 

session’s epoch using velocity to be fully consistent with the 
ephemeris frame

• Derived products (ellipsoid GRS80 used) in a weekly Bulletin with:
 ETRS89 (ETRF) geodetic and cartesian coordinates,
 UTM coordinates, including X, Y, convergence, scale factor,
 EGG08 model used to compute geoid undulations and 

deflections of the vertical.



ETRS89 (ETRF2000) Densification in Italy

EPN Local Analysis Centres 
Workshop
Brussels - May 15-16, 2013

NEQs Stacking:

• STA file is being permanently updated by:
 Add new set-ups of sites (TYPE 001),
 Add antenna/receiver changes (TYPE 002),
 Set problems in sites (TYPE 003),
 Set relative constraints between sites (different/new set-ups), 

TYPE 004.
• TYPE 001 maps the EUREF’s sites to the session numbering in the 

EPN solution’s numbers.
• Once the stacking is finished, detailed velocities’ fields are 

mapped for the different study areas.
• 3D velocities: not as accurate as 2D, since most stations have not 

many observations’ years.
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ETRS89 Densification: some of the outputs.
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ETRS89 Densification: some of the outputs.
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BSW 5.2 installation:

• Linux machine (ubuntu 10.10), with cpp 4.4.5 and gfortran 4.4
• Installation scripts: straightforward (same for QT4). 
• Only one problem, sorted out by following the advised setting in 

D_PHAECC.F90 (SR search_off, lines 1772 and 1966):
 isys  = INT(prn/100)

    isPrn = (prn/=isys*100)
! Values for satellite antennas are buffered in isys=0
    IF (antnam(1:3) == 'MW ' .OR. antnam(1:5) == 'SLR 

R') isys = 0
! Take always GPS offsets for receiver antennas
    isys = 0 ! decomment this line if necessary

• Running the examples: without problems
• Additional tasks (addressed in the V50_TO_V52.TXT file): 

 Import the previous INP files
 Modify some of the variables
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BSW 5.2 installation:
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BSW 5.2 installation:
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BSW 5.0 scripts in BSW 5.2:

• Most of the input files/panels are easily imported.
• Changes in “General Options”, also fine.
• New options are not, however, implemented: peer review is needed.
• In our case, the new DATAPOOL/SAVEDISK structure is not really 

needed and won’t be used: our scripts include a well-defined data 
retrieval/storage strategy.

• Running the examples: without problems
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BSW 5.0 vs BSW 5.2:

• Data for GW1725 to GW1731 have been processed using both 
packages.

• Options and input data have been “the same” in both processings.
• Some files cannot be the same due to the updates in BSW52 

(Satellite info file and constant and datum files)
• To check the quality, a Helmert 3D was computed for each weekly 

solution:

• Biases in the 7 parameters (rotations, very small)
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BSW 5.0 vs BSW 5.2: weekly NEQ-ing. CHI2 and statistics… 

BSW52: Wk1725
Total number of authentic observations  1060166
Total number of pseudo-observations              3 

Total number of explicit parameters            126
Total number of implicit parameters          15381
Total number of observations               1060169
Total number of adjusted parameters          15507
Degree of freedom (DOF)                    1044662
A posteriori RMS of unit weight            0.00124 m
Chi**2/DOF                                    1.53

Total number of observation files              286

Total number of stations                        42 
Total number of satellites                       0

BSW50: Wk1725
Total number of authentic observations     1060166
Total number of pseudo-observations              3

Total number of explicit parameters            126
Total number of implicit parameters          12734
Total number of adjusted parameters       12860
Total number of observations               1065959 
Degree of freedom (DOF)                    1053099
A posteriori RMS of unit weight            0.00125 m 
Chi**2/DOF                                    1.57

Total number of observation files              286

Total number of stations                        42
Total number of satellites                       0
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BSW 5.0 vs BSW 5.2: weekly solutions.
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BSW 5.0 vs BSW 5.2: station by station solutions

• Similar differences occur in same stations
• No biases detected in differences (means of differences below 0.01 mm!)
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Perspectives

The activities carried out lead to some proposal on how the UPA LAC can 
provide an additional contribution to the EPN, besides the weekly 
computation of the assigned sub network.

For example, the following activities could be foreseen, on account of the 
ongoing EPN work on ETRS89 maintenance and monitoring, and on the 
densification of the velocity field in Europe:

- Combination of the EPN long term solution with national network 
solutions

- Rigorous spectral analysis of time series of each station, and cross 
correlation of time series of different stations as a function of their relative 
distance, to detect common mode systematics, in the NEU directions

-Rigorous computation of the uncertainty in the station velocities 
taking into account the noise profile and non white noise component of the 
time series

-Computation of the spatial gradient of the velocity, to highlight the local 
deformation in the coordinate grid (and hence departures from nominal 
coordinates).
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Thank you for your attention
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