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Motivation

Earth Orientation Parameters (1)

Earth Orientation Parameters (2)

Satellite Laser Ranging (SLR) is the primary technique to estimate consistently
station positions, Earth Orientation Parameters (EOP) and orbit parameters of the
satellites together with the spherical harmonics of low degree and order of the Earth
gravity field. The big effort of the common adjustment of these parameters is the
high correlation of the orbit parameters (e.g. Kepler elements, empirical
accelerations), length of day (LOD) as the first derivative of Universal Time (UT)
and the gravity field parameter 𝐶20 . The relation between these parameters is given
in equation (1).

The parameterization of UT1 and LOD is the same in all solutions. Since SLR is not
able to determine UT1, the offsets are extrapolated with LOD to 0h epochs of a
piecewise linear polygon. At the mid-epoch of the arc, one UT1 value is fixed to a
priori (IERS 08 C04).
Because of the high correlations expressed in equation (1), errors or non-modelled
perturbations of the satellites systematically affect the estimated LOD and the UT1
values respectively (Fig. 3).

The estimated gravity field coefficients of the multi-satellite solutions (Fig. 4) are
then, in a second iteration step, set up as a priori values for 𝐶20 to reduce the drift of
the UT1 values resulting from a slightly wrong 𝐶20 . The results are summarized in
Fig. 5 and Tab. 3. The one-satellite solutions benefit tremendously in this second
iteration step. The mean correlation of 𝐶20 and Ω is reduced to 0.05 for all solution
types.
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where Ω is the rate of change of the ascending node, 𝑎𝑒 is the major axis of the
Earth, GM is the gravity constant multiplied by the mass of the Earth and 𝑎, 𝑒, 𝑖 are
the major axis, the eccentricity and the inclination of a satellite.
In this study we discuss different solutions (7-day and 28-day arc, one-satellite and
multi-satellite constellation) and evaluate the correlations and the stability of the
estimated parameters.

Fig. 5: Accumulated differences of UT1 w.r.t. IERS 08 C04 over a time span of 16.5 years. All solutions of
the second iteration show a systematic drift in the order of -2.8 to -3.9 ms/y (Tab. 3).
Fig. 3: Accumulated differences of UT1 w.r.t. IERS 08 C04 over a time span of 16.5 years. The individual
solutions of Lageos 1 and 2 with an arc length of 28 days are not displayed (see Tab. 2).

Fig. 3 shows a systematic drift for UT1 w.r.t. the IERS 08 C04 time series. Tab. 2
summarizes the different mean drifts for each solution.

Solution types
Lageos 1 Lageos 2
7-day arc
0.46
0.38
28-day arc
1.04
0.75
Tab. 1: Mean RMS values [cm] of the orbit
fits shown in Fig. 1.

Fig 1:Fits of the 7-day/28-day orbits of Lageos 1 and 2.
Only observations from official core stations of the
International Laser Ranging Service (ILRS) are considered.

Fig. 1 shows the different fits of the satellite orbits of Lageos 1 and 2. The mean
RMS values are given in Tab. 1. The accuracy of the 7-day arcs is at the level of five
millimeters whereas the accuracy of the 28-day arcs is at the level of one centimeter.
Fig. 2 points out that a reduction of the correlation of 𝐶20 and Ω could be achieved
using longer arcs or including more than one satellite. The most uncorrelated
parameters could be estimated in solutions containing two satellites with an arc
length of 28 days.

7-day arc
28-day arc

Lageos 1
8.23
-38.02

Lageos 2
-17.57
-26.93

Lageos 1&2
-3.63
-3.97

Tab. 2: Mean drifts of
UT1 [ms/y] w.r.t. IERS
08 C04 for the different
solutions.

The spurious drifts of the 7-day arc one-satellite solution have an opposite sign and a
nearly constant ratio which could be explained with equation (1). Since all
parameters except the inclination of Lageos 1 and 2 are approximately the same, the
sign and ratio depends on the 𝑐𝑜𝑠𝑖 term of equation (1). The one-satellite solution
with a 28-day arc doesn’t show this characteristics. Although the mean correlation of
𝐶20 and Ω is reduced by using a 28-day arc multi-satellite solution (Fig. 2), there still
remains a systematic drift in Fig. 3.

Gravity field parameter
The estimated gravity field coefficients of the solutions with the data of two
satellites show a very good agreement with a solution of the Center for Space
Research (CSR) although the CSR solution contains observations to three more
satellites than the DGFI solutions (Fig. 4).

Nevertheless, Fig. 5 and Tab. 3 show that all solutions contain a spurious drift w.r.t.
IERS 08 C04. This could be due to the fact that an offset of LOD could also be
caused by a periodically occurring perturbation perpendicular to the orbit plane of
the satellite (cross track direction).

7-day arc
28-day arc

Lageos 1
-2.78
-3.55

Lageos 2
-3.23
-3.87

Lageos 1&2
-3.62
-3.70

Tab. 3: Mean drifts of
UT1 [ms/y] w.r.t. IERS
08 C04 for the different
solutions.

Conclusions & Future Work
The main part of the UT1 drifts in Fig. 3 are induced by the fact that the a priori 𝐶20
values of the first iteration step (here GGM02S, see Fig. 4) leads to a wrong Ω and as
a consequence of this to a wrong LOD. If we use the 𝐶20 values of a multi-satellite
solution (see also Fig. 4) instead of that we get much lower drifts (Fig. 5). These
remaining drifts have the same sign and therefor couldn’t be excited by a wrong 𝐶20 .
The next step would be to study the relationship between perturbations offending the
satellite in cross track direction. To improve the solution furthermore we want to
introduce other geodetic satellites like Etalon 1 and 2, Stella, Starlette and Ajisai. We
also want to estimate variance factors in the combination of different satellites in
order to improve the relative weighting.
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Fig. 2: Mean correlations of 𝐶20 and Ω for one-satellite solutions (green-coloured) and multi-satellite
solutions (orange-coloured). In the left part of Fig. 2 the mean correlations of solutions with an arc length
of 7 days are shown, whereas the right part illustrates the same situation for a 28-day arc.
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Fig. 4: Estimated normalized 𝐶20 coefs. The DGFI
solutions contain only
data from Lageos 1 and 2
whereas the solution of
CSR includes in addition
data from Stella, Starlette
and Ajisai.
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