Swarm accelerometer as a component in derivation
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Introduction Principle of operation

Swarm is one of ESA's Earth Explorer missions, launched at

the end of 2013. It consists of three identical satellites , ,
The accelerometer operates based on electrostatic compensation
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field and its temporal evolution. The Swarm satellites also rigidly fixed close to the spacecr.afts cent.re of gravity. The

carry GPS receivers and accelerometers as part of their feedback system employs gap-varied capacitors (C; to C,) to

scientific payloads. In addition to providing position and compensate for movements of ! he proof F,, | Proofmass

time, GPS receivers are used to determine the non- mass..The control voltage§ applied to the C, — r N\
gravitational forces acting on the spacecraft, from which capacitors are rgpresentatlve of the mea- Fg @

the thermospheric neutral densities can be derived [1, 2]. sured acceleration. The most probable C, N n

causes for the observed data distortions GND
are likely to be thermal effects and
hardware damage.

The accelerometers are intended to measure those forces
directly and with a much higher resolution; however, owing
to strong data distortions, raw measurements (Level 1B
accelerometer data) are not released to the public.

Cubic cavity

Added Value Of the accelerometer Conventionally, low-frequency non-gravitational accelerations are derived from the POD,

while corrected and calibrated accelerometer data provide finer details in the higher
frequency range. The asset from accelerometers employed for the derivation of non-gravitational accelerations is highlighted in the
following figures, which present examples during geomagnetic storms.

Method of data recovery

To remove anomalies in raw data, sophisticated Swarm
Level 2 accelerometer data processing is implemented ®
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[3]. The function of the Swarm accelerometer Level 2
processor (see figure below) is to perform a linear
transformation of the damaged Level 1B accelerations
ACCx_PR_1B into the corrected and calibrated Level 2
accelerations ACCxCAL_2_ [3]. The identified and
subsequently removed data anomalies comprise steps,
spikes, voltage jitter, resonant harmonics and thermal

Swarm A and Swarm C fly in close proximity to one another, while Swarm B is at a higher altitude. Therefore, we expect roughly half
of the signal intensity for Swarm B compared to Swarm A and Swarm C.
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Conclusions References

The Swarm satellite mission has been successfully operational since 2013. Unexpected data
anomalies in the raw accelerometer data have necessitated the development and implementation of
the specific Swarm Accelerometer Level 2 processor. These measures have resulted in the production
of the scientifically valuable along-track accelerometer data of Swarm C - for almost the entire
mission timeline — Swarm A - for three years — and Swarm B - for some specific and relevant
geomagnetic-active periods. The usage of accelerometers in the context of near-Earth space
environmental studies is of particular significance during periods of intense geomagnetic storms.

Accelerometer data: https://swarm-diss.eo.esa.int/ » Level2daily » Latest_baselines » ACC » CAL
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