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Key Points:
●  Two types of artificial disturbances in VFM data from MSS-1A are identified: one is called the V-shaped chirp event in which the

frequency decreases and increases with time; the other is the 5-Hz event with accompanying spiky signals whose sources are
interfering magnetic fields from the satellite’s attitude control subsystem.

●  The noise level in the 1−25 Hz range of 50 Hz MSS-1A VFM data is lower in day-side than in night-side. The occurrence rate of
V-shaped events plays a key role in periods of high noise levels.
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Abstract: The Macau Science Satellite-1 (known as MSS-1) is the first scientific exploration satellite that was designed to measure the
Earth’s low latitude magnetic field at high resolution and with high precision by collecting data in a near-equatorial orbit. Magnetic field
data from MSS-1’s onboard Vector Fluxgate Magnetometer (VFM), collected at a sample rate of 50 Hz, allows us to detect and investigate
sources of magnetic data contamination, from DC to relevant Nyquist frequency. Here we report two types of artificial disturbances in the
VFM data. One is V-shaped events concentrated at night, with frequencies sweeping from the Nyquist frequency down to zero and back
up. The other is 5-Hz events (ones that exhibit a distinct 5 Hz spectrum peak); these events are always accompanied by intervals of spiky
signals, and are clearly related to the attitude control of the satellite. Our analyses show that VFM noise levels in daytime are
systematically lower than in nighttime. The daily average noise levels exhibit a period of about 52 days. The V-shaped events are strongly
correlated with higher VFM noise levels .
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1.  Introduction
The  Macau  Science  Satellite-1  (MSS-1)  mission  was  launched  on
21  May  2023  into  an  ~41  degrees  low-inclination  orbit  of  about
450  km  altitude  (Kong  DL,  2023),  which  makes  it  unique  for  its
ability to monitor the South Atlantic anomalies. MSS-1 consists of
two separate satellites, MSS-1A and MSS-1B. MSS-1A is dedicated
primarily  to  high-precision  geomagnetic  field  measurements;
MSS-1B focuses on observing solar activity.

To  achieve  accurate  measurement  of  the  geomagnetic  field,
MSS-1A  implemented  a  4.5  m  deployable  boom  for  its  magne-
tometers,  similar  to  the  European  Space  Agency  (ESA)  Swarm
satellites,  to  minimize  magnetic  disturbances  from  the  satellite
body (Friis-Christensen et al., 2006; Herceg et al., 2017). The boom
is tilted at  an angle of  about 17-degree with respect to the main

satellite  body axis  (see Figure 1).  A  scalar  magnetometer,  named

Couple Dark State Magnetometer (CDSM), is placed at the end of

the  boom.  A  Vector  Fluxgate  Magnetometer  (VFM)  is  rigidly

mounted  inside  an  optical  bench,  located  2.7  m  away  from  the

main satellite body, together with a star tracker, named Advanced

Stellar Compass (ASC), which comprises three Camera Head Units

(CHUs) (Zhang H et al., 2023).

In  addition  to  the  dominant  geomagnetic  core  field  and  the

moderate lithospheric magnetic field, the VFM on MSS-1A, with its

high precision and resolution,  can  detect  weak  natural  magnetic

signals,  e.g.  from  the  equatorial  plasma  irregularities  (Xiong  C  et

al.,  2012; Wu  MJ  et  al.,  2024),  or  from  ionospheric  and  magneto-

spheric  currents  (Wang  YB  et  al.,  2023),  or  from  the  tidal  signals

(Ren  ZY  et  al.,  2025).  Because  the  VFM  samples  data  at  a  rate  of

50 Hz, it is capable of investigating magnetic signatures from the

Extreme Low-Frequency (ELF) range up to the Nyquist  frequency

(Xu CY et al., 2024).

However, geophysical magnetic signals of interest are unavoidably

contaminated  by  spacecraft-generated  disturbances  even  in  the
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presence  of  a  satellite  magnetic  cleanliness  control  program.

Spurious  signals  may  originate  from  permanently  magnetized

materials,  soft  magnetic  materials,  or  electric  currents  (Chen  SW,

2009; Finley  et  al.,  2023).  For  example,  the  50  mHz  signals  in

CHAMP magnetic field data could be traced back to an imperfect

correction process applied to the magneto-torquer signals  (Yin F

et  al.,  2013).  Some  artificial  magnetic  disturbances  in  data  from

the  China  Seismo-Electromagnetic  Satellite  were  caused  by

magnetorquer  activation  and  by  deformation  of  the  satellite’s

boom  (Yang  YY  et  al.,  2021).  Swarm  magnetometer  data  are

known  to  have  been  contaminated  by  artificial  signals,  such  as

from  Sun-driven  thermo-magnetic  disturbance  fields  (Tøffner-

Clausen et  al.,  2016).  Investigating the characteristics  of  different

kinds of artificial signals is very helpful in identifying their sources

and in improving data quality.

In this article, we report two disturbance signals found in MSS-1A

50 Hz VFM data, present their characteristics, and try to trace their

sources. In addition, we compare the noise levels of MSS-1A VFM

data to those of Swarm A VFM data in the frequency range of 1 Hz

to 25 Hz. Section 2 presents our data processing method and anal-

ysis  approaches.  Section 3  presents  results  and discussion of  our

investigation of two main disturbance signals and other phenom-

ena.  Section  4  gives  conclusions  and  our  suggestions  for  future

research. 

2.  Data and Method 

2.1  Data Processing
For the study presented here we have used vector magnetic field
data from the MSS-1A VFM. These measurements were made from
01  October  2023  to  30  April  2024  with  50  Hz  resolution.  In  the
VFM  coordinate  system,  the z-axis  is  aligned  with  the  boom;  it
points in the flight direction at an angle of 17 degrees. The y-axis
points sideways, lying in the horizontal plane. The x-axis is always
sampling  the  downward  component.  The  ambient  geomagnetic
field,  along  the  satellite  track  of  such  a  low-Earth  orbit,  is  strong
compared  to  the  magnetic  signatures  of  disturbances  from  the
spacecraft,  which  are  primarily  transient  and  infrequent.  For  this
reason, the mean background field is fitted by applying a smooth-
ing cubic spline with appropriate parameters.  The magnetic field
residuals  are  then  obtained  by  subtracting  the  smoothed  signal
from the original VFM readings, for each component.  This opera-
tion  is  similar  to  suppressing  the  main  contributions  of  the

geomagnetic field by a high-pass filter or by a geomagnetic field
model.  The choice of appropriate fitting parameters ensures that
the  residual  magnetic  field  presents  the  signals  from  1  Hz  to
25  Hz,  the  Nyquist  frequency.  In  this  frequency  range  artificial
perturbations  can be easily  identified (Yin  F  et  al.,  2015; Léger  et
al.,  2015).  Different  from  polar  orbiting  satellites,  e.g.  Swarm,
MSS-1A  has  a  low  latitude  orbit  and  flies  through  the  complete
0−24 h local time zones in one orbit;  its dayside/nightside obser-
vational distribution is also quite different from that of polar orbits
(Tøffner-Clausen et  al.,  2016; Yang YY et  al.,  2021).  Therefore,  the
appropriate cutting of residual parts is not by ascending/descend-
ing  orbital  arcs,  but  by  daytime/nighttime  orbital  arcs.  In  this
paper,  the  separation  of  daytime/nighttime  is  06/18  Local  Time
(LT).  Our  analyses  are  based  on  these  sections  of  magnetic  field
residuals;  we  use  both  time  domain  and  frequency  domain
approaches.  The  upper  panels  of Figure  2 present  an  example
(from 1 December 2023) of disturbances for a daytime arc, on the
left, and on the right for a nighttime arc.

First of all, because of its good performance in weak signal detec-
tion  (Yin  F  et  al.,  2015),  we  use  Welch’s  method  to  calculate  the
PSDs  of  the  day  and  night  arcs.  Spectra  derived  from  long-time
data sequences have greater frequency resolution than data from
a single orbit, but such data cannot provide information about the
temporal  evolution  of  a  disturbance  event.  Our  approach  is  to
select  orbits  in  which  disturbances  are  observed,  and  then  to
apply several different techniques of harmonic analysis to investi-
gate  the  artificial  signals.  For  each  detected  event  we  use  two
time-frequency analyses, the Short Time Fourier Transform (STFT)
with  Hamming  window,  and  the  Continuous  Wavelet  Transform
(CWT)  with  Morse  Wavelet  function  (Balasis  et  al.,  2013).  Both
spectral  analysis  methods  can  show  the  temporal  evolution  of
small-scale  disturbance  events  in  the  1−25  Hz  frequency  range.
The time and frequency resolution of the CWT has been adaptively
adjusted according to the characteristics of the signal, so CWT can
focus  more  on  the  time-frequency  characteristics  in  the  lower
frequency range. Therefore, in this paper, we primarily employ the
CWT method to analyze the spectral characteristics of disturbance
events. 

2.2  Event Detection Approach
We  have  identified  magnetic  fluctuation  events  such  as  those
shown in Figure 2 by applying the method described in Yin F et al.
(2019) with  parameters  chosen  to  fit  MSS-1A  data.  We  set
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Figure 1.   MSS-1A spacecraft schematic illustration.

Earth and Planetary Physics       doi: 10.26464/epp2025031 533

 

 
Song SS and Yin F et al.: MSS-1 magnetometer noise analysis

 



±0.15 nT as the threshold defining an event of magnetic intensity

fluctuation. The justification for such a small value is that the VFM

data of  MSS-1A have a  low noise level.  Another  parameter  is  the

number of successive data points exceeding the threshold, which

determines the duration of a valid event. A subevent is defined by

a minimum of three successive points exceeding the threshold of

the  magnetic  residuals.  Moreover,  if  the  interval  between  two

subevents  is  short,  we  combine  the  subevents.  These  defining

parameters  allow  the  procedure  to  detect  valid  disturbance

events  and  derive  magnetic  fluctuation  information  in  the  time

domain,  e.g.  the  event’s  start  and end times,  prior  to  the event’s

detailed  analysis. Figure  3 presents  an  example  of  the  event

detection  approach,  based  on  data  from  all  three  VFM  compo-

nents,  observed  during  nighttime  on  20  November  2023.  Each
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Figure 2.   MSS-1A daytime and nighttime noise spectra, recorded on a day when a 5 Hz peak was observed: (a, c) Daytime arc. (b, d) Nighttime

arc. (a, b) are the corresponding Z-axis residual magnetic field time series for each arc; (c, d) are orbit PSDs of Bz (in VFM).
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Figure 3.   (a, b, c) An example of event detection in the X, Y and Z components. Red boxes mark the detected events.
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detected event is marked by a red box. Box widths represent the

durations  of  the  events;  heights  reflect  the  peak-to-peak  ampli-

tudes.  A  magenta  line  indicates  the  weighted  center  of  each

event’s  time  duration,  weighted  by  magnitude  variation.  Note

that the three events in Figure 3 were detected on all  three VFM

axes and at the same amplitude. 

3.  Results and Discussion 

3.1  V-shaped Events
The seven months of data we examined include a large number of
detected events. Among them are many events characterized by a
V-shape, detected in all three field directions, its components with
almost  the  same  amplitudes  and  temporal  evolution  of  their
consistent spectral shapes. These V-shaped signals were detected
rather frequently in each day’s  data;  they occurred 7564 times in
total  and  exhibited  a  number  of  commonalities  (see Figure  7c).
Figure  4 presents  spectral  characteristics  of  a  typical  V-shaped
event; its three upper lefthand panels (4a, 4b, and 4c) present the
event’s three VFM components over its  10 s duration.  The ampli-
tudes  of  the  disturbance  all  show  commonality,  first  rising  and
then decreasing, and all are in the range of ±2 nT. In the frequency
domain,  the  signal  fluctuates  rapidly  at  first,  becomes  slow  later,

then  returns  to  fast  oscillation  before  disappearing.  Its  time
sequence variation thus has the shape of a rhombus. The event’s
CWT time−frequency spectrum (Figure 4d) resembles a ‘V’, which
is  why  we  call  such  events “V-shaped”.  The  oscillations  of  these
events start at the Nyquist frequency and then quickly go to zero,
rise  up  again  to  the  initial  state,  and  then  disappear.  We  also
found  incomplete  V-shaped  events;  an  example  is  presented  in
the right hand panels of Figure 4, which clearly look like half of a
complete  V-shaped  event.  The  event’s  lack  of  an  initial  quickly-
rising part gives rise to its half ‘V’ appearance in the event’s time-
frequency panel (d).

We  have  surveyed  statistical  properties  of  the  collection  of

detected V-shaped events. Figure 5, upper left panel, presents the

distribution  of  events  by  latitude  versus  local  time  (LT  frame),

from  which  it  can  be  seen  that  they  are  concentrated  on  the

nightside and at higher latitudes. The upper right panel of Figure

5 shows  the  mean  LT  distribution  of  events.  We  can  see  more

directly  the  characteristic  of  high  nighttime  occurrence.  The

MSS-1A has a low-inclination circular orbit, so its dwelling time is

different  in  latitude  projection,  though  showing  an  equatorial

symmetric  distribution but  shorter  in  lower  latitude while  longer

in  higher  latitude.  The  blue  bars  and  the  red  line  in Figure  5,
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Figure 4.   Left: An example of a V-shaped event. Right: An example of an incomplete V-shaped event. (a, b, c) X, Y, and Z components,

respectively, of the temporal variations of the detected event. (d) The CWT of the event from the VFM Z component.
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middle, represent the V-shaped event latitudinal distribution and

MSS-1A latitude dwelling time, respectively. From that it is obvious

that  the  V-shaped  event  distribution  is  strongly  related  to  the

satellite  dwelling  time  at  a  given  latitude;  many  more  events

occur at higher latitudes, over the range of 35° to 41° in the south-

ern  hemisphere  than  in  the  northern.  Furthermore,  the  events

appear  at  clearly  later  times  in  the  southern  hemisphere.  We

believe that the higher occurrence of V-shaped events in high-lati-

tude  regions  of  the  Southern  Hemisphere  is  due  to  seasonal

factors. Because the data we analyzed in this paper were collected

from  October  2023  to  April  2024,  which  covers  the  summer
season  in  the  Southern  Hemisphere,  summer  in  the  Northern
Hemisphere  was  not  included.  We  believe  that  if  our  data  had
included  an  entire  year  of  observations,  the  occurence  of  V-
shaped  events  in  both  hemispheres  would  be  equal  in  high-lati-
tude regions, because MSS-1A spent more time in the dark in the
northern hemisphere during our study period from October 2023
to April  2024.  Note that  no longitude dependence was observed
(see Figure 5, bottom).

V-shaped artificial  magnetic disturbance events appear in Swarm
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Figure 5.   Statistics relating observed V-shaped events to the local time and the latitude and longitude of MSS-1A at the time of each

observation. Upper left: V-shaped event distribution by latitude vs. local time. Middle: V-shaped event latitudinal distribution vs. MSS-1A latitude

dwelling time. Lower left: V-shaped event latitude vs. longitude distribution. Upper right: Distribution of V-shaped events by local time (LT). Lower

right: Distribution of V-shaped events by longitude.
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Absolute Scalar Magnetometer (ASM) data; they have been traced
to interferences between the Swarm ASM and the 58-kHz square
signal used by the Swarm spacecraft platform to operate heaters
needed  for  thermal  control  of  the  ASM  and  its  sensors  (Léger  et
al.,  2015).  Each  time  one  of  the  harmonics  of  the  heater  signal
matches the ambient scalar field Larmor frequency, these pertur-
bations  occur. Yin  F  et  al.  (2015) also  found  V-shaped  artificial
signals  in  CHAMP  FluxGate  vector  Magnetometer  (FGM) Y-axis
data when the readings go through zero. The authors relate it to a
ringing  of  the  analog-to-digital  converter  as  the  data  approach
the  sign  change  at  zero-crossing.  The  V-shaped  events  observed
in  Swarm  and  CHAMP  data  exhibit  strong  geographical  distribu-
tions and occurred when the sensor readings of the ASM and FGM
matched  a  specific  value  of  the  ambient  magnetic  field.  Those
observed in MSS-1A data are apparently different. Further discus-
sion of V-shaped events appears in Section 3.3. 

3.2  5-Hz Event
Analysis  of  the  MSS-1A  daily  noise  spectrum  revealed  a  distinct
peak around 5 Hz on some days (Figure 2c). By comparing the PSD
magnitude of these events, we confirm that the 5 Hz peak is asso-
ciated with another special  event,  shown in the top three frames
of Figure  6,  which  in  this  paper  we  term “5-Hz  events”.  Different
from the V-shaped events,  which appear equally in all  three field
components,  the size of  5-Hz events  is  commonly larger  in  the Y
and Z components  and  the  three  components  exhibit  different
temporal  fluctuations,  which  suggests  that  the  source  may  be
stray  magnetic  fields  generated  by  spacecraft  subsystems.  By
searching  through  the  sequence  of  the  events  in  the  residual
fields,  we  find  that  there  are  distinct  spiky  signals  appearing  at
intervals.  When  the  5-Hz  events  appear,  four  of  the  attitude
Quaternions  had  obvious  variation  at  the  same  time.  This  makes
us believe the spiky signal may be caused by the MSS-1A’s attitude
control  system. Finley  et  al.  (2023) illustrates  oscillatory  reaction
wheel interference in magnetic field data of the CASSIOPE/Swarm-
Echo spacecraft. Figure 6, lower four panels, show the quaternions
needed for transforming the Celestial Reference Frame (CRF) into
the  North  East  Centre  (NEC)  frame  during  the  5-Hz  event  occur-
rence  (the  white  area).  All  Quaternions  exhibit  clear  deviations
from a continuous change in that area. This suggests a non-nomi-
nal functioning of the Star tracker. Fortunately, the occurrence of
5-Hz  events  is  not  particularly  frequent  —  just  103  instances  in
seven months, fewer than one per day. Figure 6d gives the CWT of
an  event.  During  the  whole  period  of  event,  the  oscillations
around  5  Hz  consistently  appear  in  the  spectrogram.  They  are
accompanied by intervals of spiky signal down to 1 Hz. 

3.3  Features of VFM Noise Level
For our analysis, the seven months of VFM data have been divided
into LT sectors; for each sector the PSD has been calculated, orbit
by orbit,  to allow us to compare mean PSD noise levels between
daytime and nighttime arcs. Based on the 213 days of PSD magni-
tude data that we analyzed, we find that daytime noise levels are
significantly  lower  than  in  nighttime,  which  means  that  fewer
disturbance events occured in daytime — with a few exceptions,
(e.g. 22 December 2023).

At first  sight,  we see in Figure 2 that the PSD is  lower in daytime

than at nighttime; the upper two panels confirm that the residual
magnetic field fluctuations are more violent at night. The distribu-
tion  of  V-shaped  events  as  a  function  of  LT,  in Figure  5,  further
proves that the V-shaped events are the main contributors to the
higher nighttime noise levels.

The MSS-1A employs the same type of magnetic field instruments
and boom structure as the Swarm constellation. We compare the
strongest  of  each  satellite’s  three  margnetic  field  components
(Zhang JN et al., 2022) — Z-axis VFM 50 Hz data from Swarm A to
X-axis  VFM  50  Hz  data  from  MSS-1A.  Since  Swarm  satellites  are
polar  orbiting  satellites  but  the  MSS-1A  has  only  a  low-latitude
coverage, we have truncated the Swarm data collected above 41
degrees  in  latitude,  to  ensure  the  comparability  of  the  analysis.
Since,  there  are  V-shaped  events  in  MSS-1A  and  some  signals  in
Swarm  A.  For  each  satellite,  we  use  a  window  of  one  minute  in
which no events  are  observed to get  a  piece of  the data  of  each
ascending  and  descending  orbite  arcs  in  one  day.  And  then  we
calculate the PSD magnitude for all the pieces and take their aver-
age  value  as  a  representative  of  the  instrument  noise  level  for
each day. Figure 7a gives the comparation of daily average noise
levels in peace time between MSS-1A and Swarm A and the result
show  they  are  almost  same.  Disregarding  the  interference,  we
maintain that the instruments of both satellites is equally robust.

For  investigate  the  long  time  evolution  of  the  V-shaped  event
disturbance.  We  thus  calculated  PSD  magnitude  of  50  Hz Z-axis
VFM data for each intact orbit in daytime and nighttime, and take
their average of one day to present the daily variation. Figure 7b
shows the MSS-1A daily  average noise  level  variation over  seven
months. The blue line represents the daytime average PSD, while
the night time is shown by black line. Over the entire period stud-
ied,  the  daily  mean  PSD  in  daytime  is  less  than  in  the  nighttime
over the period. In addition, there are four high noise level periods
in Figure 7b are observed, repeating at intervals of about 52 days
and lasting for 8−9 days. In Figure 7c, we give the daily number of
V-shaped  event.  We  found  that  the  number  of  distinct  V-shaped
events  increases  during  the  high  noise  level  periods.  Thus,  we
believe the high occurrence of the V-shaped event is the primary
cause of high noise level. Figure 7d shows the 52-day repetition in
the LT of the MSS-1A ascending/descending node. which indicates
the recurrence period of high noise level  days.  The LT of ascend-
ing/descending  node  in  high  noise  level  days  is  always
06:00/18:00.  The ASM-VFM scalar  residuals  in  Swarm also show a
periodic  peak  oscillation  related  to  LT  (Tøffner-Clausen  et  al.
2016).  Please  notice  that  the  LT  related  large  VFM  residuals  in
Swarm  are  attributed  to  the  Sun-driven  disturbance  field.
However,  the  LT  related  high  noise  level  of  the  VFM  in  MSS-1A
occurs  at  night.  Additionally,  in Figure  7b,  there  appear  3  high
noise  periods  spaced  at  52  days,  but  the  fourth  one  keeps  away
from  spring  equinox  and  comes  later  after  75  day  at  the  end.  It
appears at the same local time as the earlier ones, but on up-leg.
This  means,  now  the  noise  source  has  jumped  to  the  northern
hemisphere data at roughly the time of the equinox. This coincides
with the change from southern to northern summer.

In  summary,  the  high  noise  periods  are  a  summer,  nighttime
phenomenon  appearing  around  40°  latitude.  Around  Solstice
symmetric peaks come at the beginning and end of the disturbed
period. Before Solstice the peak appears at the end of the distur-
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bance and after Solstice at the beginning. All these characteristics
make us believe that the thermal control of satellite platform may
be the possible source. 

4.  Conclusions and Summary
We have analyzed characteristics of high-resolution MSS-1A 50 Hz

magnetic field data, in detail, to assess the quality of the data. By

using  a  special  event  selection  approach,  we  have  detected  a

large  number  of  artificial  signal  events,  separated  them  by  type,

and  investigated  their  features  for  statistical  significance.  We

report  two  main  kinds  of  artificial  disturbances  with  distinct

features.  The  largest  number  of  artificial  signals  are “V-shaped
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Figure 6.   Example of a 5-Hz event. (a, b, c) Time sequential variations of the detected event’s X, Y and Z components, respectively. (d) CWT of the

event, given by the VFM Z component. (e, f, g, h) Quaternions of CRF to NEC frame (Q1, Q2, Q3, Q4 are four components of Quaternions).
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events”,  which  appear  almost  equally  in  all  three  field  compo-

nents,  in  the  range  of  ±2  nT.  We  observe  a  sweep  through  the

whole  frequency  range,  first  downward  to  zero  frequency  then

upward back to the Nyquist frequency. The resulting disturbance

signal thus has a spectral  shape resembling a ‘V’,  hence the term

we use for this type of disturbance, whose occurrence probability

is  uniformly  distributed  in  terms  of  time  and  geographical  loca-

tion,  but  higher  in  the  summer  hemisphere  and  at  night.  Less

frequently  observed  were “5-Hz  events”,  characterized  by  a

marked 5  Hz peak in  the PSD analysis.  These events  are  typically

strongest in the Z component; they were observed only 103 times

in seven months and did not appear more than once per day. The

5  Hz  peak  in  the  spectrogram  was  consistently  accompanied  by

broad-band signal in the 1 s interval.  We find that these intervals

of spiky signal are related to the satellite attitude control subsys-

tem, when using thrusters.

In  this  study we reveal  that  the noise level  in  1−25 Hz frequency

range  is  lower,  in  general,  during  daytime  than  nighttime.  We

believe  the  high  average  noise  level  is  caused  by  the  V-shaped

events,  with their  high occurrence at  night.  For the MSS-1A daily

average  noise  level  during  the  considered  seven  months,  we

obtain  a  mean  PSD  of  about  0.0001  nT2/Hz  in  the  range  of  1−

25  Hz.  Exceptions  are  the  three  noisy  periods,  with  durations  of

about  8−9  days  each,  in  which  the  LT  at  ascending/descending

node is around 06:00/18:00. The LT 52-day repetition period of the

satellite  ascending/descending  node  is  related  both  to  the

concentrated  distribution  of  V-shaped  events  and  to  the  high

average  noise  level.  We  also  compared  the  daily  averaged  noise

levels between the Swarm A and MSS-1A satellites. For MSS-1A we

find,  during  undisturbed  periods,  almost  the  same  average  PSD

levels as in comparable Swarm A data.  This confirms the intrinsic

high resolution and low noise level of VFM data from MSS-1A.
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Figure 7.   The daily average noise level of VFM data over seven months. (a) Comparison of daily average noise level between MSS-1A and Swarm

A in peace time. (b) MSS-1A daily average noise level, separately for daytime and nighttime. (c) Daily number of V-shaped disturbance events.

(d) Orbital local times of MSS-1A when crossing the equator in the two directions.
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Although we provide detailed analysis of two types of noise distri-

butions appearing in the MSS-1A data we studied, we need more

house-keeping  data  to  trace  the  source  of  the  V-shaped  events.

Future  work  will  focus  on analysis  of  other  types  of  disturbances

features,  eventually  classifying  and  analyzing  all  different  distur-

bance events in MSS-1A data. 
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