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Motivation -

SLR to LEOs



Motivation - high quality of LEO POD products



We investigate…



SLR processing scenarios



Comparison of estimated correction

parameters



SLR validation– reduction of systematic effects in SLR residuals

Range biases (RB) reduce only the

mean offset of residuals

Troposphere biases (TRP) reduce the offset

of residuals, the dependency of residuals to

elevation angle, and the spread of residuals.

AIUB reduced-dynamic orbits SWARM-B example

✓ X

Wettzell (7827) Graz (7839)

✓✓

No modeling of systematic effects (RES)

– offsets and dependencies



SLR to SWARM-B – SLR residuals to different orbit solutions   



Station coordinates based on SLR to SWARM satellites

Considering troposphere bias

correction instead of range bias

improves the repeatability

station coordinates.

All: 32 stations, core list: Yarragadee, Greenbelt, Matera, Hartebeesthoek, Haleakala, Zimmerwald, Mt Stromlo, Graz, Herstmonceux, Potsdam

Repeatability of SLR station

coordinates based on only

SWARM satellites is at the level of

less than 13 (25) and 7 (13) mm

IQR for the Up and horizontal

components, respectively.

SWARM-based solutions show

1-3 mm consistency with

LAGEOS based solutions.

IQR - interquartile range w.r.t SLRF2014



2018 2019

Results for example stations

2018 2019

RB, RES less consistent than TRP

SWARM+TRP more consistent 

with LAG solutions!



Multi satellite combination –
station coordinates

SLR to single-LEO satellites, 

multi-satellite combinations:

LEO (9, with SWARM-ABC)

+ spherical (3)+ Galileo (13), 

fixed orbits of satellites, 

weighting of observations,

1 year period + range bias 



Multi satellite combination –
station coordinates



Multi satellite combination – geocenter

LAGEOS-1/2 LEO ALL+W

RMS: 3.7 3.9 3.7

RMS: 2.7 2.6 1.7

RMS: 5.4 4.2 3.5

The annual signal

is recovered 

Combinations 

consistent with 

LAGEOS

Geocenter motion can 

be derived from SLR 

to LEOs-only solutions

and multi-satellite 

combinations  



Summary

Modeling of systematic effects in SLR observations to Swarm 

(and other LEO) satellites…

…, i.e., station-satellite range biases, reduces the offset of residuals and the deficiencies in

the determination of SLR station coordinates.

…, i.e., tropospheric biases, comprises not only deficiencies in tropospheric modeling,

but also other elevation-dependent effects. Approach even further reduces the LEO residuals 

and allows for the comparison of the LEO POD quality.

… enables determination of the SLR station coordinates with repeatability at the level

of 10-13 and 7 mm, for the Up and horizontal components (Swarm-only, multi-satellite

combinations).

… enables determination of the geocenter, pole coordinates, and length of day (multi-satellite 

combinations). The estimates show the high-consistency with the LAGEOS-only solutions and 

the IERS products and benefit from introducing observations to different satellites.



Thank you for your attention!
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