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INTRODUCTION

Spaceborne GPS measurements are used at AlUB
together with the final GPS orbit and clock products
of the CODE analysis center for kinematic and
reduced-dynamic precise orbit determination
(POD) of low Earth orbiting (LEO) satellites.
Kinematic LEO positions may be used as pseudo-
observations for subsequent gravity field recovery,
because they are fully independent from models
used to describe the LEO dynamics.
Reduced-dynamic orbits depend on force models
and are intended to derive LEO positions with
highest precision. So-called pseudo-stochastic
orbit modeling techniques are used at AlUB, which
allow for flexible LEO POD by estimating empirical
parameters, e.g., instantaneous velocity changes
(pulses) or piecewise constant accelerations
(Jaggi et al.,, 2006). The same orbit modeling
techniques are also used at AIUB to perform
gravity field recovery from kinematic positions or
from inter-satellite GRACE K-band data, where
spherical-harmonic coefficients are set up as
additional parameters in a generalized orbit
determination problem.

GOCE ORBIT DETERMINATION

AlUB is responsible for the precise science orbit
(PSO) computation of the GOCE mission (Bock et
al., 2010). The GOCE mean orbital altitude is only
255 km and has to be maintained by a drag-free
control system, which compensates for
atmospheric drag by onboard ion-thrusters.
Piecewise constant accelerations are estimated
with a spacing of 6 min for the PSO computation,
which allows for POD even if the drag-free control
is inactive. A daily snapshot of the estimated
accelerationsis showninFig. 1.

GOCE is equipped with a GPS helix antenna,
which exhibits pronounced phase center variations
(PCVs). Fig. 2 shows theirimpacton GOCE POD.
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Fig. 1. Piecewise constant accelerations estimated in the
course of GOCE POD on 7 May, 2009. On that day GOCE

was put into drag-free mode for the first time for a few days.
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Fig. 2: GOCE SLR residuals plotted as a function of the
azimuth of the SLR stations. The mean RMS values are

4.4 cm and 2.5 cm (reduction of cross-track orbit shifts).
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GRACE ORBIT / GRAVITY FIELD RECOVERY
Neglected or mismodeled PCVs of LEO receiver
antennas significantly contribute to the error
budget of LEO POD and GPS-based gravity field
recovery (Jaggqi et al., 2009). Empirically derived
PCVs of the GRACE choke-ring antennas are
shown in Fig. 3, their importance on orbit and
gravity field determination is summarized in Figs.
4 and 5. As opposed to GOCE POD, no
pronounced improvement is found in the GRACE
SLR residuals (cross-track is more difficult to be
validated, radial is not influenced by PCV maps).
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Fig. 3: Empirical PCVs of the POD antennas of GRACE-A
(top) and GRACE-B (bottom). The impact of the active
occultation antenna of GRACE-A is clearly visible.
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Fig. 4: K-band validation of GRACE orbits.The mean STD
values are 10.9 mm and 8.3 mm (zero-differences) and
1.1 mm and 0.8 mm (double-differences, ambiguity-fixed).
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Fig. 5: Difference degree amplitudes of GPS-based

annual gravity field recoveries wrt a superior gravity field
model based on GRACE K-band measurements.

GRAVITY FIELD RECOVERY USING K-BAND
Kinematic positions and K-band range-rate data
are used at AlUB to derive static and time variable
GRACE gravity field solutions in a generalized
orbit determination problem. Starting from
EGM96, the most recent AIUB-GRACEO3Sp
solution is based on about 5 years of GRACE data
and computed up to degree and order 160 without
applying any regularization (Jaggi et al., 2010).
Figs. 6, 7 and 8 illustrate this solution.
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Fig. 6: Gravity anomalies of the static AIUB-GRACEQO3Sp
gravity field model up to degree and order 160.

Fig. 7: Time variable gravity signals (geoid heights in May
2009). Periodic terms and trends may be estimated up to
degree 30 with the static field (no filtering applied).
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Fig. 8: Difference degree amplitudes of well-known static
GRACE gravity field models wrt ITG-GRACE2010.

CONCLUSIONS

LEO POD and gravity field recovery performed at
AlUB are based on pseudo-stochastic orbit
modeling techniques, which are either applied to
the spaceborne GPS measurements (LEO POD)
or to kinematic LEO positions (gravity field
recovery) by setting up a generalized orbit
determination problem. Full consistency between
the GPS orbit and clock products of the CODE
analysis center, intermediate LEO orbits, and final
gravity field solutions is guaranteed by using the
same model standards as CODE.
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