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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 

spacecraft.
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Miniaturised science magnetometers

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

• Magnetometers are also an 

essential part of the attitude control 

subsystem on many low Earth 

orbiting satellites.

• Sentinels and Earth Explorer 

missions typically use three hot 

redundant fluxgate magnetometers 

from manufacturers Billingsley, Zarm 

Technik and LusoSpace for this 

purpose.

Billingsley, magnetometers.com

LusoSpace

Zarm Technik

http://magnetometers.com


Measurement requirements for space weather

Application Suitable orbit types Signal
Time scale / required 

sampling

Interplanetary Magnetic 

Field
Sun-Earth L1 5-25 nT 1 minute

Ionospheric and 

magnetospheric currents
LEO 10-1000 nT 4 seconds

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

Magnetopause crossings
Geostationary and highly 

eccentric Earth orbits
10-20 nT 1 minute
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Magnetometer / field-aligned currents

AMIE ionospheric electrodynamics assimilation model

Accelerometer / thermosphere neutral density

TIE-GCM thermosphere model, driven by AMIE

ACE



How can platform data from LEO satellites be 

applied for Space Weather?

1. For post-event analysis

2. For validating existing thermosphere-ionosphere models (climatological, 

semi-empirical and general circulation models)

3. As inputs for updating or creating new climatological and semi-empirical 

models

4. For data assimilation in (future) models, preferably with low latency and 

real-time



Inspiration: AMPERE / Iridium
66 satellites, 6 orbital planes, h = 780 km, i = 86.4 deg

http://ampere.jhuapl.edu

Lockheed Martin



LEO satellite data flow
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Magnetometers (3)

Magnetorquers (3)

Ion engine (2)

Control unit

GPS receivers (2)

Star trackers (3)

Gravity gradiometer

Xenon tank

Cold gas thrusters

Batteries

Nitrogen tank

GOCE
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LISA pathfinder magnetometer perturbations induced by spacecraft subsystems (calibration curves based on ACE data) 
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Recommendations





Candidate missions





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.


