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Figure 7. Comparing RPC-MAG and WIND. The data are represented in geocentric solar ecliptic
(GSE) coordinates. The black line represents the RPC-MAG measurements.

phases and using 10 min averaged data an improved third order polynomial tem-
perature model could be developed down to temperatures at −125 ◦C. Especially
sensor offset determination has been significantly improved in this way. The new
temperature model was tested comparing solar wind magnetic field measurements
made during ROSETTA’s first Earth flyby and WIND magnetic field data. During the
Earth flyby the WIND spacecraft was located about 238 Earth radii towards the Sun.
The WIND magnetic field observations have thus been time shifted by 47 min with
respect to those made onboard ROSETTA (Figure 7). The agreement between both
data sets is striking and confirms the quality of the temperature model developed.

In addition to the analysis of normal mode RPC-MAG data in the low-frequency
range an analysis of burst mode data at higher frequencies has been performed.
Dynamic spectra reveal the continuous presence of a sinusoidal disturbance of the
order of 1 nT peak-to-peak with the frequency slowly changing in time (Figure 8).
This disturbance can be seen on both, the inboard and outboard sensor as well as in
measurements made by the lander magnetometer ROMAP (Auster et al., this issue).
The frequencies of this observed disturbance are different for different sampling
modes. This led to the hypothesis that this interference is due to ROSETTA’s four
reaction wheels and aliasing effects causing the dependence of the disturbing signal
on sampling modes.

To test this hypothesis and to understand how the higher frequency reaction
wheel speeds can be seen by the RPC-MAG magnetic sensor sampled at 20 Hz
(burst mode) or 1 Hz (normal mode) the possible influence of the reaction wheels
has been modelled using reaction wheel frequency data from ROSETTA’s Data
Distribution System (DDS). After shifting and folding the wheel data down to the
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Figure 8. A typical dynamic spectrum of outboard sensor measurements in burst mode (20 Hz sam-
pling frequency) made on September 9, 2004. Spacecraft coordinates are used.

Nyqvist frequency using the sampling theorem the modelled and measured spectra
reveal a striking similarity confirming the reaction wheel as the disturber looking
for. As a spin-off the analysis of RPC-MAG outboard and inboard sensor data as
well as independently determined ROMAP measurements provided for a slightly
improved determination of the reaction wheel frequency. The nominal values were
1360–1820 rpm. They had to be corrected by a factor 1.00335, corresponding to a
correction of about 4 rpm.

As the ROSETTA lander, PHILAE, also carries a fluxgate magnetometer,
ROMAP (Auster et al., this issue), a detailed comparison between all three sensors,
the RPC-MAG inboard and outboard sensors and the ROMAP sensor is possible.
Figure 9 displays corrected magnetic field variations as seen by all three sensors
during the early phase of ROSETTA’s first Earth flyby. Despite offset differences
all three records agree very well with each other.

Based on these commissioning results RPC-MAG has been qualified as a well
working two-sensors fluxgate magnetometer system. Temperature effects can be
corrected using the improved temperature calibration model. Interference at higher
frequencies such as the reaction wheels have been identified and suitable software
to eliminate them has been developed.

6. Data Processing and Reduction

The magnetic field data measured by the outboard and inboard sensors are down-
linked as 20 bit ADC voltage values. As a first processing step these signals
are converted into non-calibrated DC magnetic field values using the nominal
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Figure 9. Magnetic field measurements of all three ROSETTA magnetometer sensors during the early
Earth flyby phase.

ADC-digits-to-voltage procedure and a coarse linear scaling to obtain engineer-
ing nT-values. As a result so called edited raw data are generated. As a second
step any corrupted data vectors are discarded and ground calibration results such
as sensitivities, sensor misalignment matrices, and instrument offsets are applied
to these edited raw data. It is worth mentioning that all these calibration parameters
are temperature dependent. Therefore, the calibration has to be applied vector by
vector using the actual sensor temperatures stored in the instrument housekeeping
frames.

To have comparable data sets both, the magnetic field vectors from the inboard
and outboard sensors are rotated from their respective sensor frame of reference into
the spacecraft coordinate system. At this step the first level of calibrated data are
available. To obtain scientific usable data these calibrated vectors have to be rotated
from the spacecraft coordinate system into a suitable celestial reference frame,
e.g. ECLIPJ2000, GSM, GSE or whatever is convenient in the considered mission
phase. This is done taking into account the spacecraft attitude at every point of time.
This information is extracted from the spacecraft quaternion files produced by the
European Space Operation Center (ESOC) flight dynamics team. The rotation into
the desired celestial frame is preferably done using SPICE routines (Acton, 1996).

The further steps of the data processing depend on the actual spacecraft status
and analysis requirements. As a minimal standard procedure the data can be aver-
aged to a suitable mean. If, however, the impact of the spacecraft reaction wheels
is visible in the magnetometer data (see above), which happens occasionally, an
extensive elimination algorithm, operating in the frequency domain, can be applied.
This algorithm calculates the dynamic frequency response of the four instantaneous
reaction wheel frequencies with respect to the Nyqvist frequency of the actual mag-
netometer sampling rate. The necessary reaction wheel information is retrieved
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from ancillary data files in the ROSETTA DDS. These frequency values are exactly
the aliased spectral lines showing up in the dynamic spectra of the magnetometer
measurements an example of which is displayed in Figure 8. Knowing the spectral
location of these lines permits their elimination by suppressing the local spectral
amplitude down to the weighted background values of the spectrum. A back trans-
formation into the time domain reveals a purged time series without any signature
of the reaction wheels.

A further special processing of the data is required if the heaters of the ROSETTA
lander are operating. The magnetic field generated by the pulsed DC currents feed-
ing these heaters is visible in the order of 1 nT peak-to-peak amplitude at the
RPC-MAG sensors. Three heaters are operating with different discrete currents
and a pulse width of the order of 30 s, causing multi-level signal signatures. The
currents of the lander heater cannot be derived from the housekeeping data for
several reasons. First, the principal temporal resolution of the housekeeping data
packets is only 32 s, whereas the maximum sampling rate of the magnetometer is 20
Hz. Second, the only housekeeping value available is the total Lander current with
a resolution of only a few mA. Third, there are several heaters whose individual
currents are not tracked. The control software switches these heaters autonomously
and does not generate any event packets reporting the actual heater status.

However, elimination of the heater signals can be achieved using a moving
variance filter procedure. As a first step the time series of the disturbed magnetic
field vectors is rotated into its minimum variance system. A maximum variance
approach can be used here as the main magnetic disturbance is caused by the main
current line, not by the individual lines at the positions of the heaters. This implies
that only the magnitude of the disturbance changes, not its direction.

For every point in time a second step involves the determination of a short term
moving average variance of the maximum variance component using, for exam-
ple 10 samples. The time series derived in this way has to be compared with a
suitable chosen constant threshold. Any variance value above the threshold de-
notes a jump caused by the heater currents. Once the times of the jumps have
been identified the height of the jumps can be evaluated by computing short time
interval averages before and after the jumps identified. In this way good and dis-
turbed levels in the magnetic field measurements are identified and adjusted by
shifting the disturbed levels to the undisturbed ones. Once this is done the time
series needs to be resampled as the intermediate points during the transitions be-
tween the levels are lost. Finally, the resampled data have to be rotated back from
the minimum variance system into the original coordinate system. The described
procedure works for different time intervals, but still needs some further adjustment
depending on the time interval processed. It should be noted that the above described
procedure is only necessary as long as the lander is still connected to the ROSETTA
orbiter.

During the nominal cometary phase with the lander disconnected only the stan-
dard data processing procedures need to be applied. In addition to the ground
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Figure 10. The ROSETTA trajectory during the first Earth flyby March 1–6, 2006. A model bow
shock (thick black line) as well as a model magnetopause (red line) are also displayed.

calibration further inflight calibrations using procedures such as the Hedgecock
technique (Hedgecock, 1975; Markgraf et al., 1996) are necessary and supporting
the calibration task. However, at the present time the application of these methods
is not yet possible as no suitable data intervals are available.

7. First Earth Flyby Results

Launched on March 2, 2004 ROSETTA has to perform four planetary swingby
manoeuvres on its way to 67P/Churyumov-Gerasimenko. The first one took place
on March 4, 2005 with planet Earth. It was a unique swingby in many respects.
ROSETTA entered the terrestrial magnetosphere in the distant tail flying all along
the center of the tail for almost three days until closest approach which occurred
on March 4, 2005, 22:09 UTC (Figure 10). The minimum distance to Earth was
1961 km, when ROSETTA passed over the Pacific Ocean just west of Mexico with
a ground velocity of about 38 km/s (Figure 11).

RPC-MAG was switched on at 00:01 UTC on March 1, 2005 and provided
continuous measurements with a sampling rate of 1 Hz until March 7, 23:41 UTC.
Several different flyby phases can be identified (Figure 12): the tail phase, closest
approach, outbound magnetopause crossing, magnetosheath traversal, outbound
bow shock crossing, and the outbound solar wind phase. The flyby offered a unique
possibility to gather a kind of snapshot of the Earth magnetosphere, especially the
magnetotail, as solar wind conditions have been rather quiet during this first Earth
swingby. A detailed scientific analysis of these flyby data is the subject of a separate
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Figure 11. Ground track of ROSETTA around closest approach during its first Earth flyby. The insert
displays the difference field in the GSE x-coordinate between the field modelled using POMME and
the actually measured field onboard ROSETTA. PX and RX denote the x-component of the modelled
and measured field, respectively. The maximum difference between measured and modelled field at
22:04 UTC is 220 nT.

Figure 12. Magnitude of the magnetic field measurements made in the terrestrial magnetosphere
during ROSETTA’s first Earth flyby during March 1–7, 2005.

analysis (Glassmeier et al., 2007). Here we use ROSETTA’s Earth flyby as a very
good opportunity to perform an inflight calibration of the RPC-MAG sensor.

The small flyby distance allows a detailed comparison with models of the geo-
magnetic main field. Here we use the Potsdam Magnetic Field Model of the Earth
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(POMME; see Maus and Rother (2004)). POMME is a main field model based
on recent observations of the OERSTED and CHAMP spacecraft magnetic field
missions (Olsen et al., 2000; Maus et al., 2002). It takes into account the time
varying core field, the magnetospheric ring current, time averaged magnetospheric
magnetic fields, and a crustal magnetic field model based on spherical harmonic
analysis up to degree 90.

The maximum measured magnetic field magnitude at closest approach was
18,776 nT with maximum field values in the x-axis within the measurement range
±16,384 nT. At closest approach the POMME model predicts a magnetic field
magnitude of 18,774 nT, provided the onboard time of the outboard sensor is
corrected for a time shift of −8.37 s. For this time shift the agreement between the
POMME predicted field and the measured field magnitude is optimized. This very
good agreement in the field magnitude can be further improved when the measured
data are rotated by (0.111 ◦, −0.054 ◦, 0.372 ◦) about the x-, y-, and z-axis. This
difference between measured and modelled field is then reduced to about 20 nT
in the field components. From this we conclude that the sensor alignment is not
exactly as determined by ground measurements.

A detailed comparison is displayed in the insert of Figure 11. The large difference
at 22:04 UTC is as yet unexplained. It occurred during ROSETTA passing over the
city of New Orleans at a height of 2310 km. The difference vector points roughly
NNW and about 60 ◦ down. This difference cannot be understood as a spacecraft
signature. Most probably it is due to some local ionospheric current system which
is not modelled by the POMME main field model.

As a further example Figure 13 displays high-resolution data taken during
ROSETTA’s outbound magnetopause crossing. In the spacecraft frame of reference
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Figure 13. Magnetic field measurements during ROSETTA’s outbound Earth magnetopause crossing.
The vertical red line indicates the magnetopause crossing.
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the traversal took only 6.5 s. A minimum variance analysis identifies the magne-
topause normal at (−0.724, 0.256, 0.640) in GSE-coordinates. With this and the
known trajectory of ROSETTA a spacecraft seen magnetopause thickness of 21.5
km is determined. This value is rather small compared to typical magnetopause
crossings (e.g. Dunlop and Balogh, 2005) and indicates that the magnetopause it-
self was moving inwards. We summarize that the first scientific observations taken
by ROSETTA during its Earth flyby demonstrate that RPC-MAG is a working
instrument in space suitable to fulfill the required scientific aims of the ROSETTA
Plasma Consortium.

8. Summary

The RPC-MAG magnetic field experiment is a miniaturized, state-of-the-art, triax-
ial fluxgate magnetometer with two identical sensors mounted inboard and outboard
of the 1.5 m long magnetometer boom. Its measurement properties are fully com-
pliant with the measurement requirements specified in the ROSETTA EID-B. After
the launch of the ROSETTA spacecraft on March 2, 2004 extensive testing of the
functionality of the magnetometer experiment has been performed during several
commissioning phases and ROSETTA’s first Earth flyby. These tests reveal that
the magnetometer experiment is fully functional according its specifications. RPC-
MAG is thus ready to perform magnetic field measurements during ROSETTA’s
visit of comet 67P/Churyumov-Gerasimenko contributing to an increased under-
standing of the comet-solar wind interaction region and its development during
67P/Churyumov-Gerasimenko’s approach to our Sun.
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