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Background

* Magnetometers are fundamental
space science and space weather
Instruments (and used In solid Earth
& planetary sciences as well).

* Traditionally ‘scientific
magnetometers’ are placed on
booms, away from stray field
sources originating inside the
Spacecratft.
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Miniaturised science magnetometers

Launch
configuration

30cm

Fully deployed

Rutkowski et al., Sensors and Actuators, 2014

Hulot, IAGA, 2017
Nanomagsat (12u)

Miles et al., JGR Space Physics, 2016
Ex-Alta 1 (QB50)



Platform magnetometers
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* Magnetometers are also an
essential part of the attitude control
subsystem on many low Earth
orbiting satellites.
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Billingsley, magnetometers.com

Zarm Technik

* Sentinels and Earth Explorer
missions typically use three hot
redundant fluxgate magnetometers
from manufacturers Billingsley, Zarm

Technik and LusoSpace for this
purpose.


http://magnetometers.com

Measurement requirements for space weather

Time scale / required
sampling

Application Suitable orbit types

Interplanetary Magnetic

Field 1 minute

Sun-Earth L1

lonospheric and

. LEO 10-1000 nT 4 seconds
magnetospheric currents

Geomagnetic pulsations Any Earth orbit 1-20 nT 1-600 seconds

Geostationary and highly

eccentric Earth orbits 10-20 nT 1 minute

Magnetopause crossings



Measurement requirements for space weather

Time scale / required

Application Suitable orbit types sampling

Interplanetary Magnetic

: Sun-Earth L1 5-25nT 1 minute
Field
Ionospher_lc and LEO 10-1000 nT 4 seconds
magnetospheric currents
Geomagnetic pulsations Any Earth orbit 1-20 nT 1-600 seconds

Geostationary and highly

eccentric Earth orbits 10-20 nT 1 minute

Magnetopause crossings







Field-aligned
Currents




Magnetometer / field-aligned currents Accelerometer / thermosphere neutral density
AMIE ionospheric electrodynamics assimilation model TIE-GCM thermosphere model, driven by AMIE
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How can platform data from LEO satellites be
applied for Space Weather?

. For post-event analysis

. For validating existing thermosphere-ionosphere models (climatological,
semi-empirical and general circulation models)

. As Inputs for updating or creating new climatological and semi-empirical
models

. For data assimilation in (future) models, preferably with low latency and
real-time



Inspiration: AMPERE / Iridium _

66 satellites, 6 orbital planes, h = 780 km, | = 86.4 deg

http://ampere.jhuapl.edu
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EO satellite data flow

Unraleased data Existing science data
various data formats (XML, database dumo to text file,  Vanous well-gdocumented data formats (SP3, COF
preprietary binary formats, ) EEF ...}
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Absolute Scalar Magnetometer Deployable boom Solar panels GPS antennas S-Band antenna ESA / AOES Medialab

* Startracker assembly Laser retroreflector
Optical bench Accelerometer (inside)
Vector Field Magnetometer Coarse Earth & Sun sensor S5-Band antenna
Startracker electronics unit Battery

Power control & .
distribution unit

S-Band

Absolute Scalar ' transponder

Magnetometer
electronics units

GPS receivers

. Onboard computer

Coarse Earth & Sun sensors (6x) Propellant tanks

Vector Field Magnetometer electronics unit



Methods - Algorithm 1
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Methods - Algorithm 2

. Kead input data

. Apply time shift of 1.2 seconds on FGM data

. Interpolate all data to Swarm L1b timestamps

. Calculate MTQ impact on FGM using MTQ model
. Calculate CHAOS6 model in NEC

. Kotate all data into FGM RF (dB_MTQ, VFM, CHAQSb)

. Apply negative MTQ impact on CHAQSE data

. Calibrate FGM using Vector-Vector calibration and CHAQOS6

madel

. Apply MTLQ impact on calibrated FGM

Rotate FGM into NEC
Calculate ressdual wrt, CHADSG
. Write calibrated FGM into cdt files

Kemowe arbital and halt-aorbital bandpass filter from FGM

HELMHOLTZ



Results - Calibration Steps
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Results - Calibration Parameters Overview
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b: Offset [nT}

5: Scale Factor [nT/nT]

u: Misalignment Angle [degrees]
e: Euler Angle [degrees)

All estimated parameters are within the expected range
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ESA / AOES Medialab

Batteries
Control unit

Cold gas thrusters
Nitrogen tank

GPS receivers (2)

Magnetometers (3)
Star trackers (3)

Gravity gradiometer

Xenon tank

Magnetorguers (3)

lon engine (2)



mx$mgm1[, 1] - mx$mgm3|[, 1]
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Swarm A VFM (science instrument)
12h

Swarm A FGM A (platform magnetometer)
12h

GOCE FGM B (platform magnetometer)
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Inder

LISA Pathf

Billingsley TFM100G4-S

ESA / ATG Medialab
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LPF MAG-data (MAG frame): magnetometer data "DAU2-M1" for 07-Apr-2016
LEGEND: all data (4.8s) & averaged data (4min)
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LISA pathfinder magnetometer perturbations induced by spacecraft subsystems (calibration curves based on ACE data)
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LISA pathfinder magnetometer perturbations induced by spacecraft subsystems (calibration curves based on ACE data)
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Recommendations

2 Recommendations on applicabions of plattorm magnetometer data

2.1 Barthiorbit . . . . . o e e e e e e e e e e e e e e e e e e e

2.2 Inberplanetary magneticneld & .00 00000000 oo oo ool
3 Recommendations for processing of platform magnetometer data

a1 Candidote muassioms & . . . 0 o . . e e e e e e e e e e e e e e e e e e e

A SpecihC MISSIOTS . L L L L 0 L L e e e e e e e e e e

A3 Magnetometer data calibration approach 0 00 0000000000000
4 Recommendations for space missions

4.1 Spacesecgment .o L L L e e e

4.2 Ground segment and data products © 0 0000000000000 oo L0
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Recommendation 2. Investigate space weather apphcations of higher-level produacts, us-
ing plattorm magnetometer and large scale held-ahigned current data as mputs.
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Candidate missions
Recommendabon 6. Inveshgate missions with some or all of the charactenisbes listed
below, as candidates for contributing plattorm magnetometer data for space weather ap-
plications,
o Missions with a hogh imclimabon orbit (near-polar, including sun-synchronous or-
tits), in order to cover the high-labitude current systems

o Satellite constellations (ke the Indiam s AMPLERL example).

o Missions wath low latency data downlink capabilibes, such as commumcabons
satelhites, or those Barth observation missions which already have near real-bme
data product capabilifies;

s Missions with a low number of moving parts on the spacecratt (for example graviby

held massiwons, such as GOCE, GRACE and GRACE-FQ), but also Cryosat-2);

o Long durabion missions or massion sequences, such as GRACE and GEACE-FO), the
Copermicus sentinels.



Recommendation 9. Investigate the feasibility of using the magnetometer data of the
LEACE and GEACE-I'O) missions, mn an attempt to arnve at a mulb-decade (2002-2017
and 2U15-) magnebe held perturbation and held-aligned current dataset, that can acoom-
pany the GEACE thermosphere neutral density and wind datasebs, and be used to im-
prove the temporal and spabal sampling of existing datasets, such as from the AMIERE
project.
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Conclusions

* Platform magnetometers can provide excellent space weather information...

* with some effort needed to set up the data processing, including stray field
removal and calibration

* to augment dedicated sensors and platforms, increasing spatial sampling
* The contribution of platform magnetometers to space weather monitoring can be

significantly increased by Initiating coordination and data processing activities,
which are relatively low cost, compared to dedicated instruments/missions.

* The experience obtained during the project can be applied as well to future
dedicated SSA/SWE missions, such as those studied under ESA’s D3S initiative.



