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INTRODUCTION

Swarm satellites require precise orbit determination (POD) products to reach their mission
goals, e.g. exploration of Earth's geomagnetic field and electric field in the upper
atmosphere. Swarm spacecraft are equipped with Global Positioning System (GPS) receivers
to provide the POD products and with laser retroreflectors (FIG. 1), which allow for satellite
tracking using the Satellite Laser Ranging (SLR) technique. SLR measurements are provided
by a global network of stations coordinated by the International Laser Ranging Service (ILRS).
Many of them consider Swarm targets as the ILRS supports their tracking since the beginning
of the mission (FIG. 2). Commonly, the SLR is used to validate POD products based on GNSS.
We perform SLR-based validation of the POD products of Swarm satellites and show their
quality assessment. We demonstrate that laser measurements to Swarm satellites can be
successfully used not only for orbit validation, but also for modeling systematic effects
affecting SLR measurements, such as range, tropospheric, or distance-dependent biases,
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possibility for determination of global geodetic parameters provided by multi-satellite
solutions, including Swarms (details in TAB. 1).

SLR VALIDATION OF SWARM ORBITS

Figure 3 illustrates the SLR residuals of ESA orbits for
a solution without modeling any systematic effects for Swarm
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7105, 7501, 7810, 7825, 7827, 7839, 7840, 7841, and 7941. The residuals for ten high-performing stations (FIG. 5) show increased consistency between SLR measurements and ESA POD products

These stations are also top contributors in the ILRS tracking, \yith the st. dev. at the level of less than 9 mm for all Swarm satellites. However, the offsets of residuals are still visible at the level of 0.9,
responsible for ~71% of all measurements to Swarm satellites. 53 1.8 mm for Swarm B. A and C respectively.

MODELING OF SYSTEMATIC EFFECTS
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Figure 8 illustrates the histograms of SLR residuals for a solution with and without TBs for two 0 £ el 0 = for high-performing SLR stations and Swarm satellites
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the st.dev. of residuals by 1 to 3 mm depending on station group and used orbit product.

REFERENCE FRAME GLOBAL GEODETIC PARAMETERS =

Figure 9 illustrates repeatability (interquartile ranges, IQR) of estimated station coordinates
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