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3.6 Combination Centres

3.6.2.4 Forsvarets forskningsinstitutt (FFI)

Introduction

Analysis strategy

FFI has during the last 19 years developed a software package
called GEOSAT (Andersen, 1995) for the combined analysis of
VLBI, GPS, SLR and other types of satellite tracking data
(GLONASS, DORIS, PRARE and altimetry). The observations are
combined at the observation level with a consistent model and
consistent analysis strategies. The data processing is automated
except for some manual editing of the SLR observations.

In the combined analysis of VLBI, GPS and SLR observations
the data are processed in arcs of 24 hours defined by the duration
of the VLBI session. The result of each analyzed arc is a state
vector of estimated parameter corrections and a Square Root In-
formation Filter array (SRIF) containing parameter variances and
correlations. The individual arc results are combined into a multi-
year global solution using a Combined Square Root Information
Filter and Smoother program called CSRIFS. With the CSRIFS
program any parameter can either be treated as a constant or
stochastic parameter between the arcs. The estimation of multi-
day stochastic parameters is possible and extensively used in the
analyses.

Presently, the most important stochastic parameters of the global
level state vector are the following: Radio source coordinates (1d
resolution) of sources with structure index 3 or 4, geocentre coor-
dinates (3d resolution), Earth orientation parameters (1d), the C21
and S21 gravity coefficients (6d), satellite independent SLR rang-
ing biases (15d), Solar radiation pressure scaling and empirical
drag of the Lageos satellites (3d), and GPS receiver antenna ec-
centricity vectors (station dependent time resolution to account for
instrumental changes). The reason for including the two gravity
coefficients is to account for the fact that errors in the gravity field
will map into the estimates of polar motion derived from satellite
tracking data. In order to be consistent with VLBI, which is almost
independent of gravity, these parameters must be estimated.

The main constant parameters of the global state vector are
monument coordinates and velocities, GPS and/or SLR eccen-
tricity vectors relative to the station monument if it’s a collocated
station, radio source coordinates, relative zenith delay between
VLBI and GPS at collocated stations (to account for differences in
antenna heights), VLBI antenna axis offsets, and GPS satellite
transmitter phase centre z-coordinate offset and nadir-dependent
variation (relative to the satellite body-fixed reference frame). Re-
sults show that the z-coordinate offset can be determined to a
formal precision of some centimetres (1 sigma). Using the IGS z-
coordinate values will result in a scale inconsistent with SLR and
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VLBI by several ppb. This means that most, but not all, of the error
in the GPS phase centre offset is absorbed by the estimated clock
and ambiguity parameters. However, the phase centre variation
as a function of the nadir angle is not absorbed by the estimates of
any of the parameters. The phase centre variation is within ap-
proximately 20 mm. One value is estimated for each of the Block
II/IIA and Block IIR satellite types. Individual estimates for the dif-
ferent satellites of a specific type show remarkable similarities re-
garding the nadir dependency.

The status of the analyses is that approximately 3500 daily SLR
arcs (with Lageos I & II data from 1 Jan 1993 to 31 Dec 2002)
have been processed where approximately 800 arcs are combi-
nations with VLBI and approximately 200 arcs are combinations
with VLBI, GPS and SLR. Typically, 60 GPS stations are included
in each arc. These arcs have been combined into a global solution
using the CSRIFS program. A program called CSRIFS-IERS reads
the output of CSRIFS and estimates a time dependent transfor-
mation from the internal terrestrial and celestial reference frames
to an ITRF (presently ITRF2000) and an IERS Celestial Refer-
ence Frame (presently ICRF-95.ext). Since the estimated Earth
Orientation Parameters in principle are 100 % consistent with the
internal reference frames the time dependent transformation pa-
rameters can be applied to transform the EOP estimates to IERS
for comparison with the IERS EOP products. A possible inconsist-
ency between the IERS reference frames and the IERS EOP es-
timates should in principle be detectable. The CSRIFS-IERS au-
tomatically generates SINEX files for the terrestrial and celestial
reference frames and the EOPs. These files can be directly sub-
mitted to the IERS Product Centres.

During the last year the following improvements/extensions have
taken place in the GEOSAT software:
• Inclusion of GLONASS analysis and combined VLBI/GPS/

GLONASS/SLR analysis. This was done as a preparation for
a combined VLBI/GPS/GALILEO/SLR analysis.

• Automatic editing of poor GPS satellites.
• Improved GEOSAT robustness with automated combined

VLBI/GPS/SLR analysis. Only a few % of runs are aborted
mostly due to badly formatted GPS data or multiple VLBI clock
jumps.

• Spherical harmonic coefficients to account for Earth’s surface
mass redistribution (Blewitt and Clarke, 2002) can be
estimated with the newest version of GEOSAT.

Problems and possible advantages of combining individual VLBI
sessions taken at the same day into one daily session have been
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investigated. There are a few complications that can be handled
and the results show that the improvements are marginal in most
cases, although the results for sessions with a small number of
participating stations improve.

The FFI project covering IERS, IVS, ILRS, and IGS related ac-
tivities has been approved until the end of 2005. The GEOSAT
software has recently been converted to PC/LINUX. The compu-
tation time per combined VLBI/GPS/SLR session has been re-
duced from 16 hours to 6-7 hours going from a HP J7000/UNIX
computer to a 2.8 GHz PC/LINUX computer. We plan to set up a
network of 5 to 20 PCs over the next three years to process com-
bined VLBI/GPS/SLR sessions. With such a computation power it
should be possible to process daily GPS/SLR or VLBI/GPS/SLR
sessions in addition to frequent recalculation of historical data for
research purposes. Some years ago the idea was to demonstrate
and investigate the problems and possible advantages with a com-
bined analysis of VLBI, GPS and SLR observations. With the new
increased computation power we plan to go from a demonstration
phase towards a production phase where it is realistic to process
on routine basis observations from a large network of VLBI, GPS
and SLR stations.
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