In-Flight Calibration Processes for the

MMS Fluxgate Magnetometers

3

3

K. R. Bromund H. K. Lemweber F. Plaschke R.]. Strangeway W. Magnes D. Flscher R. Nakamura

1

B.]. Anderson C.T. Russell W. Baum]ohann M. Chutter R. B. Torbert G.Le ,]. A Slavm E. L. Kepko

1

4

Johns Hopkins University Applied Physics Laboratory; University of New Hampshire; University of Michigan Ann Arbor

For more information, contact kenneth.rbromund@nasa.gov

2 3
NASA Goddard Space Flight Center (GSFC); University of California Los Angeles (UCLA); Space Research Institude (IWF), Austrian Academy of Sciences;
5 5

SM51A-2555

Abstract

The calibration effort for the Magnetospheric Multiscale Mission (MMS) Analog Fluxgate (AFG) and Digital Fluxgate (DFG)
magnetometers is a coordinated effort between three primary institutions: University of California, Los Angeles (UCLA); Space Research
Institute, Graz, Austria (IWF); and Goddard Space Flight Center (GSFC). Since the successful deployment of all 8 magnetometers on 17 March
2015, the effort to confirm and update the ground calibrations has been underway during the MMS commissioning phase. The in-flight
calibration processes evaluate twelve parameters that determine the alignment, orthogonalization, offsets, and gains for all 8 magnetometers
using algorithms originally developed by UCLA and the Technical University of Braunschweig and tailored to MMS by IWF, UCLA, and GSFC.
We focus on the processes run at GSFC to determine the eight parameters associated with spin tones and harmonics. We will also discuss the
processing flow and interchange of parameters between GSFC, IWF, and UCLA. IWF determines the low range spin axis offsets using the
Electron Drift Instrument (EDI). UCLA determines the absolute gains and sensor azimuth orientation using Earth field comparisons. We
evaluate the performance achieved for MMS and give examples of the quality of the resulting calibrations.

Application of Ground Calibration Parameters

The results of the ground calibrations are applied to the data first, to account for the temperature-dependence of the gains, as
well as non-linearity.
Thus, the in-flight calibration parameters indicate the change in instrument performance from that which was measured on
the ground. These calibrations include:
Gain, as a function of sensor and electronics temperatures.
equation [1]
Bi23temp = B123 " (g + ms-T) - (1 + me - (T, — Tec))

Non-linearity, as a function of measured field strength.
equation [2]
B123precal = 01" B123temp + 02 lez3temp + o3¢ B3123temp

Application of In-Flight Calibration Parameters

Parameters are chosen such that it is possible to optimize physical parameters independently rather than jointly.

In contrast to the parameters described in [1], these parameters, for example, allow the thetas to remain constanst
regardless of how the spin axis changes, relative to the sensor.
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Method For Determining Offsets

Variation of Offset over 1 week
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Each parameter is updated at it's own cadence. The tasks performed at
UCLA generally require longer integration times. Separate calibration files
are maintained for high field range and low field ranges. Low range and

Once the sensors have been orthogonalized, IWF provides the low range spin axis offset, O3, using methods described Iin
[2]. Then Low Range and High Range are matched at UCLA by adjusting O1 and O2 in High range, and Gsp in low

as in [1]. This process also yields O3 in the high range. The range joining process takes advantage of the fact
that by design, AFG transitions to Low range before DFG, and AFG transitions back to High range before DFG. Finally,
Earth field comparison and inter spacecraft calibration are performed [4].

range,

Each week, the inputs from GSFC, IWF, and UCLA are reviewed and
merged together into a new calibration file at a MagCon. The approved
calibrations become the basis for calibration activities until the next
MagCon. Data weeks for which all 12 parameters have been approved
(shown in green) can be processed to Level 2.
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