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The procedure for preparing one-second variometer
data of the Argentine Island geomagnetic observatory

Abstract. Magnetic observatories have been and continue to be basic elements for studying historical and contempo-
rary changes in the Earth’s geomagnetic field. In most cases, satellite data are used to characterize and study rapidly
evolving processes in near-Earth space. However, in recent decades, data from ground-based observatories have been
used to support satellite missions. These data must have high temporal resolution to analyze rapidly changing pro-
cesses. Furthermore, processed data from observatories should be delivered with minimal delay. Advances in technol-
ogy now allow geomagnetic observatories to be equipped with high-resolution instruments, enabling the rapid delivery
of final data. This paper outlines the methods developed to obtain one-second ImagCDF data of the Quasi-definitive
level using the geomagnetic records of the Argentine Island observatory INTERMAGNET code AIA). The observa-
tory's state-of-the-art equipment and absence of anthropogenic noise produce results that meet the INTERMAGNET
requirements. The primary data were validated by analyzing the distribution of instrumental errors in the absolute
measurements. The quality of the difference in the field’s absolute value was assessed using statistical parameters,
including the mean, standard deviation, and the absolute value of the maximum deviation. Peak and irregular noise
values were identified by analyzing the results of numerical differentiation of the 10 Hz records from the LEMI-
025Ne63 and the difference signals between this magnetometer and the proton magnetometer POS-1. Regular noises
were identified from the signal spectra. Occasional spikes in the POS-1 readings were corrected by interpolating data
between valid counts. One-minute temperature data of the sensor and electronic unit of the LEMI-025Ne63 variom-
eter were aligned with the magnetic records (using identical digital filtering and resampling procedures). The data
were processed using software recommended by INTERMAGNET.

Keywords: absolute observations, gecomagnetic observatory, fluxgate magnetometer, proton magnetometer

1 Introduction

Experimental continuous measurements of mag-
nitude (or scalar intensity) and variational com-
ponents of the geomagnetic field in observatories
are widely used to develop maps of the geomagnet-
ic field’s intensity and anomalies based on ground,
surface, aerial, and satellite surveys.
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High-temporal-resolution (one-minute, one-sec-
ond) variational data are used to study rapidly
evolved processes occurring in near-Earth space.
The ionospheric and magnetospheric processes
are so rapid that satellite data alone are some-
times insufficient to describe them, necessitating
observatory data from the Earth’s surface. The
forecast of magnetic disturbances, which is cur-

22(2), 2024, https://doi.org/10.33275/1727-7485.2.2024.733



Yurii Sumaruk, Mykhaylo Orlyuk, Andriy Marusenkov et al.: The procedure for preparing one-second variometer data

rently quite relevant, will be more reliable when
higher-cadence data are used.

The magnetic observatory Argentine Island
(INTERMAGNET code AIA) performs contin-
uous measurements of the force and angular com-
ponents of the geomagnetic field, which are wide-
ly used for leveling and developing digital maps of
the module and anomalies of the induction mod-
ule of the geomagnetic field and studying how it
changes over time and how magnetic disturbances
manifest there compared with other regions of
the Earth (Orlyuk & Romenets, 2008; Orlyuk &
Romenets, 2018). The records are sent to the
INTERMAGNET network. The scientific com-
munity can use them to solve a number of fun-
damental and applied problems of geomagnetism.
Such problems include developing the IGRF-DGRF
model of the Earth’s normal magnetic field, the
assessment of spatiotemporal variations of the geo-
magnetic field, including magnetic disturbances
linked to solar activity, and evaluating the eco-
logical state of the environment, among others
(Orlyuk & Romenets, 2020).

A geomagnetic observatory of the INTERMAG-
NET network has to continually record compo-
nents of the Earth’s magnetic field with a certain
accuracy and a minimal frequency of one mea-
surement per minute. Daily packets of these pri-
mary one-minute data must be sent to the relevant
Geomagnetic Information Node (GIN) within
72 hours (St-Louis, 2024).

In 2003, the meeting of the INTERMAGNET’s
Operations Committee and Executive Council in
Dourbes, Belgium decided to introduce recording
variometric data with a sampling rate of 1 Hz in ad-
dition to the one-minute records (Rasson, 2008).

This initiative emerged in response to the spa-
ce physics community’s demands for real-time
space weather forecasts and for monitoring and
modeling different electrical current systems in the
Earth’s ionosphere and magnetosphere (Macmil-
lan & Olsen, 2013; Friedel et al., 2017; Iovannitti
et al., 2019). One-second magnetic data were also
useful for subsurface sounding (Di Mauro et al.,
2009). In 2005, a survey confirmed the demand

for one-second data, which should have become
available in the INTERMAGNET network, and
the desire to standardize device parameters and
data quality, similar to the one-minute data. The
relevant INTERMAGNET sub-committee de-
veloped such a standard. It was introduced in
2012 (Turbitt et al., 2013). Later, the require-
ments were made more precise for one-second
data of the Definitive level (Turbitt, 2014). To
archive and transfer such data, including auxil-
iary measurements and metadata a new data for-
mat, ImagCDF, based on the NASA CDF for-
mat, was introduced in 2017 (Flower, 2017).

In 2006, the Lviv Centre of Institute for Space
Research (LCISR) initiated the design of an ob-
servatory magnetometer for one-second measure-
ments (Korepanov et al., 2007). The end result
was the LEMI-025 variometer installed at many
geomagnetic observatories of Belgium (Royal Me-
teorological Institute of Belgium), Great Britain
(British Geological Survey), Austria (Zentralan-
stalt fur Meteorologie und Geodynamik — the main
variometer of the Conrad observatory), Italy (Is-
tituto Nazionale di Geofisica e Vulcanologia),
Spain (Instituto Geografico Nacional), Germany
(Ludwig Maximilians University of Munich -
the main variometer of the Furstenfeldbruck ob-
servatory), SAR (South African National Space
Agency), Finland (Finnish Meteorological Insti-
tute and the University of Oulu) (Rasson et al., 2014;
Nahayo et al., 2019; Marusenkov et al., 2019).

Currently, there are four grades of data sent to
the network (St-Louis, 2024):

1. Variation or Reported: the raw, unadulterated
records.

2. Provisional or Adjusted: some editing done
(such as filling in the blanks in the measurements,
deleting the outliers, and using the preliminary
baselines if possible).

3. Definitive: the final data with no more ex-
pected changes.

4. Quasi-definitive: the data are more precise
than the Provisional level but are sent into the
GIN within three months of recording, which is
much faster than the Definitive data.
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This fourth grade, Quasi-definitive, was the most
recently introduced (Peltier & Chulliat, 2010) to
support some scientific efforts such as the joint
processing of magnetic measurements during the
Swarm satellite mission. Such data have to meet
the three requirements (St-Louis, 2024):

a) they were corrected using the most precise
available temporary baselines;

b) they become available less than three months
after first recorded;

¢) the average monthly difference between the
Quasi-definitive and Definitive data for any of the
X, Y, or Z components is less than 5 nT for every
month of the year. This requirement is checked
a posteriori by comparing the relevant files for the
previous year.

Since 2011, some observatories have begun to
send in Quasi-definitive data; by 2019, there were
around 80 such observatories (Lewis, 2020). In 2021,
44 observatories decided to send in the Definitive
one-second data (30 of them do it regularly).

In our opinion, the AIA geomagnetic observa-
tory of the Ukrainian Antarctic Akademik Vernad-
sky station is capable of sending in high-quality
one-second data given its geographic position, re-
cent equipment updates, and removal of several
local sources of noise and environmental influences.

2. Materials and methods
2.1 Data

Our study analyzed records of the Earth’s mag-
netic field collected at the AIA geomagnetic ob-
servatory of the Akademik Vernadsky station. The
data, gathered between December 2022 and Oc-
tober 2023, were obtained using a novel magneto-
metric complex comprising the fluxgate magneto-
meter LEMI-025Ne63, the proton Overhauser
magnetometer POS-1, and a personal computer
with an adapted Debian 9.6 operating system
with specially developed software.

2.2 Methods and approaches

INTERMAGNET provides two examples of
preparing the Quasi-definitive data: a daily pro-
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cedure (Clarke et al., 2013) and a monthly one
(Peltier & Chulliat, 2010). We based our research
on the monthly one.

Processing the AIA’s absolute measurements
and analyzing the baselines of the LEMI-025Ne63
variometer were conducted using two techniques
recommended for the INTERMAGNET obser-
vatories. Special attention was paid to verifying
the primary data by analyzing the distribution of
instrumental errors.

As in (Peltier & Chulliat, 2010), the set of
baseline values for every component of the vari-
ometer was approximated by a cubic smoothing
spline. This approximation algorithm was pro-
posed by Carl de Boor (De Boor, 2001). The
function for this is available in different pro-
gramming languages, in this study the Python
version was used [https://csaps.readthedocs.io/
en/latest/formulation.html].

The robustness of the LEMI-025Ne63 output was
tested against the raw POS-1 records. The three
orthogonal components of the LEMI-025Ne63 read-
ings were used to calculate the absolute value of the
magnetic field. Such comparison (the so-called AF
test) is a data control method for the geomagnetic
observatories’ measurements (St-Louis, 2024).

The quality of the total field difference AF sig-
nal was evaluated using statistical parameters as
the mean, standard deviation, and the absolute
maximum deviation.

For the re-discretization of digital signals (e.g.,
from 10 Hz to 1 Hz, from 1 Hz to 1/60 Hz), we
used low-frequency digital filters with impulse
response parameters and coefficients recommend-
ed by INTERMAGNET (St-Louis, 2024; Ap-
pendix F).

Appendices A and B1-B3 describe the pro-
grams applied for data processing and instructions
for how to work with them.

3. Results
3.1 Processing absolute measurements

Since March 2022, the absolute measurements
have been done using new equipment: the non-

ISSN 1727-7485. Ukrainian Antarctic Journal, 22(2), 2024, https.//doi.org/10.33275/1727-7485.2.2024.733



Yurii Sumaruk, Mykhaylo Orlyuk, Andriy Marusenkov et al.: The procedure for preparing one-second variometer data

19744

19743
19742
19741

Xbase, nT

19740

19739 | o

O = = Met. A and B average
- Adopted baseline

19738 L L L

5584

5582

5580

5578 |

Ybase, nT

5576

5574 L ' '

—31875

—31876

nT

—31877

Zbase

—31878

—31879

—31880 L -

0 50 100

150 200 250 300

Day of year (2023)

Figure 1. Baseline components of the LEMI-025Ne63 variometer from January to October 2023. Absolute observa-
tions for method A are marked with “x”, and for method B — with circles; dashed lines represent the averaged results
for methods A and B, and solid lines show spline approximations for baselines

magnetic theodolite Wild T1 with a MagA flux-
gate sensor and electronics unit of the Mag-01H
magnetometer installed on its telescope (Suma-
ruk et al., 2022). The new theodolite allowed the
team to measure the angles more precisely and
easily than the old THEO-020B. The absolute
measurements were done by two methods, A and
B (the null method and the residual method)

(Worthington & Matzka, 2017; Sumaruk et al.,
2022). The absolute value of the magnetic field’s
induction was measured by a proton magneto-
meter PMP-8 on a separate pillar in the Absolute
Measurement Room. Another proton magneto-
meter (POS-1) was operated in a different room.
To adjust the magnetometers’ readings with the
theodolite’s position, we used the following gra-
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Figure 2. Baseline values of the POS-1 scalar magneto-
meter from January to October 2023. The solid line repre-
sents the averaged values for the methods A and B, the
dashed line is the adopted baseline

dients between pillars: P1 = +3.35 nT to correct
the PMP-8 readings, and P2 = —13.85 nT to cor-
rect the POS-1 readings.

The processing was done for a series of 15—18
sets of absolute measurements collected over a
month. Together with calculating the baseline va-
lues of the three components (X, Y, Z) of the
LEMI-025Ne63 variometer, we evaluated the dif-
ference values for the absolute values of the field
using the readings of the two scalar magneto-
meters (PMP-8 and POS-1), the calculated values
for the LEMI-025Ne63 variometer, and the error
of the DI-magnetometer (the non-magnetic the-
odolite Wild T1 with the fluxgate magnetometer
Mag-01H). For some days of the year (days 2,
14, 20, 58, 60, and 100), the absolute measure-
ments did not agree with the general dataset; these
data were not included in further analysis.

Further calculations yielded an approximation
of baseline values using cubic smoothing splines
(with the csaps function of the Python program-
ming language, [https://csaps.readthedocs.io/en/
latest/formulation.html]). Similar to previous years,
the smoothing parameter for all three compo-
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nents was set up as p. = p. = p, = 0.0003. The
baseline values and baselines are shown in Fig-
ure 1. Notably, methods A and B gave dissimilar
baseline values for the X and Z components in
the first months of 2023.

The plot for the averaged baseline values of the
scalar magnetometer POS-1 is shown in Figure 2.
Since the baseline values remained relatively sta-
ble from January to October, a constant value of
—13.9 nT was chosen as an approximation.

3.2 Applying the baselines

To the Variation (Reported) data processed in
testcorr, we applied the baselines from the file
aia2023.blv and drew up one-second and one-
minute Quasi-definitive files in the IAGA-2002
format. We then plotted the results in Xmagpy
(Fig. 3). The same program calculated the differ-
ence in the field’s absolute value from the results
of the variometer and the scalar magnetometer
(the lower plot DELTA F, in Fig. 3).

The parameter is within £1 nT, confirming the
correctness of the applied baselines. Some deviation
at the start of the year is probably connected to the
gradual transition from the values for December
2022, calculated from the absolute measurements
only for method A. As discussed above, in the first
months of 2023, baseline values for the X and Z
components obtained by method A differed some-
what from the findings of method B. Therefore, the
smoothed baselines calculated in 2023 using the
two methods’ averages do not completely agree with
the smoothed baselines for 2022, obtained for me-
thod A only. The rest of the substantial deviations
of the DELTA F signal occurred mostly during the
geomagnetic field’s disturbances, for example, on
March 23—24 and April 23—24, 2023. There are
also short-term deviations around 13:00 on March,
15, probably caused by local noise.

4 Discussion and conclusions

The records of the geomagnetic field’s compo-
nents must correspond as accurately as possible
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Figure 3. One-minute Quasi-definitive data (LEMI-025Ne63 and POS-1), plotted in Xmagpy

to their real values, requiring constant improve-
ment and updates of hardware and software and
algorithmic support. We describe how to obtain
one-second ImagCDF data at the Quasi-defini-
tive level using the geomagnetic records of the
AIA. The observatory variometer’s robustness was
checked by comparing the output of the POS-1 pro-
ton magnetometer with that of the LEMI-025Ne63
variometer. The POS-1 data were read directly from
the device, but the absolute value of the magnetic
induction obtained by the LEMI-025Ne63 variom-
eter was calculated from the three measured or-
thogonal components.

The absolute measurements carried out at the
Akademik Vernadsky station were processed using
two methods recommended for INTERMAGNET
observatories. The analysis of the baselines of the
LEMI-025Ne63 variometer also accounted for
these recommendations.

The primary data were verified by analyzing
the distribution of instrumental errors in absolute
observations.

The baseline values of the variometer were ap-
proximated by a cubic smoothing spline.

By comparing the readings of the POS-1
proton magnetometer with the readings of the
LEMI-025Ne63 variometer, the variometer’s sta-
bility was checked. The POS-1 data were used
directly, and the LEMI-025Ne63 data were used
to calculate the magnetic field scalar intensity
from the readings of the three orthogonal com-
ponents of the variometer.

The quality of the total field difference signal
was evaluated using such statistical characteris-
tics as the mean, the standard deviation, and mag-
nitude of the maximum deviation.

Excessive noise and irregular interference were
detected by analyzing the results of numerical dif-
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ferentiation of 10 Hz LEMI-025Ne63 recordings
and the difference signals between this magneto-
meter and the POS-1 proton magnetometer.
Regular noise was detected by analyzing the sig-
nal spectra.

By interpolating the data between the correct
readings, the spikes in the POS-1 measurements
were corrected.

The formation of one-minute temperature da-
ta of the fluxgate sensor and the electronics unit
of the LEMI-025Ne63 variometer was performed
in accordance with the formation of magnetic
records, i.e., using identical procedures for digi-
tal filtering and resampling.

The data were processed using the software
recommended by INTERMAGNET.

The combined application of the above proce-
dures and methods made it possible to develop a
methodology for calculating one-second geomag-
netic observation data of the Quasi-definitive level
in the ImagCDF format using the magnetometer
system of the AIA geomagnetic observatory.

Data collected by the new equipment of the
AIA geomagnetic observatory were analyzed and
corrected. Interference in the POS-1 proton mag-
netometer records and the LEMI-025Ne63 flux-
gate variometer records was eliminated.

Absolute measurements were recalculated af-
ter applying the aforementioned correction pro-
cedures. As a result, one-second data of the Quasi-
definitive level of the new magnetic measuring
complex (LEMI-025Ne63 and POS-1) were pre-
pared in the ImagCDF format.

The methodology for processing magnetic
data was developed, further improving the
quality of data transmitted from the Akademik
Vernadsky station to the international network
INTERMAGNET.

The main magnetic and auxiliary temperature
data recorded at the AIA geomagnetic observa-
tory are presented in the ImagCDF format for
the first time. One-minute and one-second mag-
netic data quality meets INTERMAGNET re-
quirements for the Quasi-definitive and Defini-
tive data.
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According to a query on the website https://
imag-data.bgs.ac.uk, no more than 11 (no more
than 10%) INTERMAGNET observatories trans-
mitted one-second data of the Quasi-definitive
level in 2022—2023. Only one of these observato-
ries (Papeete, French Polynesia) is located in the
Southern Hemisphere, several thousand kilometers
from the AIA. This suggests that the one-second
Quasi-definitive data prepared in this study are
likely the only ones in the Antarctic region.

Using modern software and algorithms, a tech-
nique for the comparative analysis of various pro-
cessing procedures for the absolute measurement
data, the search for and correction of mis-mea-
surements was proposed and employed.

A software tool for visualizing and editing the
ImagCDF files was used and adapted. This allows
us to compute the total field difference (DELTA
F), present the data in different coordinate sys-
tems (XYZ, HDZ, or DIF), correct the transfor-
mation and offset coefficients, remove the noisy
sections, calculate the statistical parameters, and
review and edit the metadata.

The data of the new magnetometer complex
were analyzed and corrected. As a result, noise
and spikes in the records of the proton mag-
netometer POS-1 and the fluxgate variometer
LEMI-025Ne63 were removed. The total field dif-
ference (DELTA F) is within £1 nT according
to both magnetometers’ findings, confirming the
correctness of the applied baselines.

The absolute values of the magnetic field’s com-
ponents were re-calculated using the corrected
data. This allowed us to reduce the scatter of the
X, Y, and Z components obtained from the ab-
solute measurements.

The high-quality one-second ImagCDF data of the
Quasi-definitive grade as per the INTERMAGNET
specifications were calculated.
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IIpoueaypa miAroToBKM OJIHOCEKYHAHHUX JAHUX BapioMeTpa reoMarHiTHOI
o0cepBaTopii «APreHTHHCHKi 0CTPOBH»

Pedepar. MarnitHi obcepBatopii OyJu i 3aJIMIIAIOTBECS OCHOBHUMU €J1€MEHTaMM BHUBUYEHHSI BiKOBUX i CydaCHMX 3MiH
r€OMarHiTHOTroO MoJjisi Ha MoBepxHi 3emJi. st onucy Ta AOCHiMKeHHS! IBUAKOIIMHHUX MPOLIECiB, sIKi BiIOYBalOThCS B
HaBKOJIO3EMHOMY TIPOCTOPi, B OLIBILIOCTI BUIA/IKiB BUKOPUCTOBYIOTh MaHi 3 CyMmyTHUKIB. OHAaK B OCTAHHi JECATUIITTS
IUTST THATPUMKY CYITyTHUKOBUX MiCiii BUKOPUCTOBYIOTh JaHi 3 Ha3eMHUX obcepBaropiii. Lli maHi moBUHHI OyTH BUCOKO-
IUCKPETHUMMU, 1100 3 X JOIMOMOIOI0 MPOBOAUTH aHai3 MIBUAKOIUIMHHUX mpoueciB. KpiM 11boro, o6pobieHi maHi 3
o0cepBaToOpiii MOBMHHI MOCTAYaTUCh SIKOMOTa IIBUILIE. 3aBASKU TeXHOJOTIYHOMY PO3BUTKY CTA€ MOXJIMBUM OCHAIILy-
BaTH I'€OMarHiTHi o0cepBaTopii BUCOKOAMCKPETHUMU MpWIagaMy Ta OTPUMYBATU KiHIIEBI JaHi 3 MiHiMaJIbHOIO 3aTPUM-
KOI0. Y CTaTTi ONMUCYIOThCSI METOIU, PO3POOJIEHT ISl OTpUMaHHs onHocekKyHIHUX naHux ImagCDF kBazinedinitTuBHOrO
PiBHSI 3 BAKOPUCTAHHSIM T€OMarHiTHUX 3aIuciB 00cepBaTopii «ApreHTMHCHKI OCTpoBU». CyyacHe o0JialHaHHS oOcepBa-
TOpIi Ta BiZICYTHICTh TEXHOT€HHUX 3a0pyIHEHb AIOTh pe3yybTaTy, siki Bignosigaiorh Bumoram INTERMAGNET. [lep-
BUHHI JaHi MepeBipsUIMCh IUISIXOM aHali3y PO3IOALTY iHCTPYMEHTAJIIbHUX MOXMOOK a0COMIOTHUX BUMipIoBaHb. AKiCTh
pi3HULII aOCOIIOTHOIO 3HAYEHHS I10JIs1 OLliHIOBaNAcs 32 TAKUMM CTaTUCTUYHMMU IapaMeTpaMu, SIK CepelHE 3HAueHH:I,
CTaHIAPTHE BiAXWJICHHS Ta aOCOMIOTHE 3HAYEHHSI MaKCUMAaJIbHOIO BimxuaeHHs. [1ikoBi 3HaUeHHS ILIIyMiB i HeperyJsipHi
IITyMH OYJIM BUSIBJICHI IIUISIXOM aHaJIi3y pe3yibTatiB yncenbHoro mudeperitoBanHs 10 I 3amcie LEMI-025Ne63 ta
PI3ZHMIIEBUMX CUTHAJIB 1ILOTO MarHiromerpa i nporoHHoro mardiromerpa [1OC-1. PerynspHi mrymu Oynu ineHTHdhIKOBaHi
3a CIeKTpaMy curHajIiB. Bumankosi ckauku mpuctporo POS-1 ouiHIOBaIMCH IISIXOM iIHTEPITOJISILIIL JAHUX MiK ITPaBUJIb-
HUMU BuMipamu. OITHOXBMJIMHHI TeMIIEPATypHi JaHi JaTdyrKa Ta eJeKTPOHHOro 0j10Ky Bapiomerpa LEMI-025Ne63 Bu-
OyIOBYBaJIM BiAMOBIIHO J0 MArHiTHUX 3aIMCiB (TOOTO 3 iICHTUUHMMU TIpoLeaypamMu 1rudpoBoi ¢inbTpalii Ta nepeam-
ckpetu3atlii). JlaHi oOGpoOIsUIMCS 3a TOTTOMOTOI0 MporpaMHoOro 3adesnedyeHHs, pekomeHaoBaHoro INTERMAGNET.

KiouoBi ciioBa: aGCOIOTHI CITOCTEPEXEeHHSI, TeOMarHiTHa od0cepBaTopisi, MPOTOHHUI MarHiToMeTp, hepo30HI0BUI
MAarHiTOMeTp

154 ISSN 1727-7485. Ukrainian Antarctic Journal, 22(2), 2024, https://doi.org/10.33275/1727-7485.2.2024.733



Yurii Sumaruk, Mykhaylo Orlyuk, Andriy Marusenkov et al.: The procedure for preparing one-second variometer data

APPENDICES

A. Programs testcorr and supfromtxt

For re-formatting, processing, and visualizing the data, we used the following software: lemi025, testcorr, supfromtxt
(LCISR, Ukraine), magpy [https://github.com/geomagpy/magpy], imedview [https://geomag.bgs.ac.uk/data_service/
intermagnet/resource/imcdview/imcdview-1.98 jar], convert_gm [https://geomag.bgs.ac.uk/data_service/intermagnet/
resource/gm_convert/gm_convert-1.6jar], DataChecklS [https://geomag.bgs.ac.uk/data_service/intermagnet/resource/
DataCheckls/DataCheckls-1.51.jar]|, autoplot [Faden et al., 2010], and CDF V3.9.0 [https://cdf.gsfc.nasa.gov/html/
sw_and_docs.html].

The testcorr program is used for:

a) removing outliers in the records of the scalar magnetometer in the one-second files of the IAGA-2002 format;

b) simultaneously re-calculation of the relevant one-minute data;

c¢) formally checking the correspondence between the one-second and one-minute IAGA-2002 files and their cor-
rection if necessary.

The testcorr program processes one-day-long records. During the removal of the POS-1 outliers, the user is ad-
vised to note the intervals with suspicious deviations in the records of the LEMI-025 variometer, as the notes will be
useful for further data cleaning by other programs. The testcorr packet was used twice a month as the archived data
came in from the station (that is, for days 1—15 and 16—30(31) of each month). Figure Al shows screenshots of work-
ing with testcorr.

The supfromtxt program is used for:

a) extraction of auxiliary measurements, such as the temperature of the fluxgate sensor and electronic unit of the
LEMI-025 variometer, its voltage, and the GPS receiver status, from the original 10 Hz files, which also contain
magnetic channels;

b) filtration of the auxiliary data and their recording as one-second (.sec.sup) and one-minute (.min.sup) files.

The supfromtxt program was used after the entire monthly dataset was available. It processes all the data for one
month all at once. Notably, for the first one-minute value of the first day, it is necessary to have the data for the
previous month. If the dataset has blanks, they are automatically filled with “999.99” for the temperature channels,
“99.9” for the voltage, and “99” for the GPS receiver.

Both programs were developed by LCISR specifically for the treatment of AIA data.
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Figure Al. An example of processing data using the testcorr program: a) the main window; b) the plots before out-
lier removal from the POS-1 data; c) the same plots with outliers removed
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B1. Formatting data as ImagCDF. A review of programs for re-formatting.

With the data for magnetic channels (three channels of the LEMI-025 variometer and one channel of the POS-1
proton magnetometer) as the IAGA-2002 files, the one-second Definitive data must be saved as ImagCDF format
introduced in 2015. Unlike the IAGA-2002 format, ImagCDF allows for storing and transmitting all necessary infor-
mation (main magnetic channels and additional channels such as temperature or metadata about the measurement
environment) (Flower, 2017). In particular, according to the IAGA-2002 format, data are rounded to 0.01 nT. How-
ever, one of the requirements for the one-second Definitive data is that the vector magnetometer’s (variometer’s) data
resolution must be 0.001 nT (Turbitt, 2014; St-Louis, 2024). This requirement reduces the quantization noise, for
which the root mean square of the spectral density is 4.1 pT/Hz"* if one-second data are rounded to 0.01 nT (Turbitt,
2014; St-Louis, 2024). By comparison, the root of the spectral density of the LEMI-025 variometer’s noise is 5—6
pT/Hz" at 0.2 Hz. However, the Quasi-definitive data are not subject to this requirement. Thus, to produce Quasi-
definitive data in the ImagCDF format, converters from IAGA-2002 to ImagCDF can be used. For one-second
Definitive files, another procedure is needed. For example, the direct transformation of the 10 Hz data obtained by
the LEMI-025-based equipment complex, rounded up to 0.001 nT, can be used. Also, the IAGA-2002 format does
not allow for saving auxiliary measurements such as the variometer’s temperature.

The programs that convert IAGA-2002 files to ImagCDF are available in Java (convert_gm v1.6 [https://geomag.
bgs.ac.uk/data_service/intermagnet/resource/gm_convert/gm_convert-1.6.jar] and DataCheck1S v1.51 [https://geo-
mag.bgs.ac.uk/data_service/intermagnet/resource/DataCheckls/DataCheckls-1.51 jar]) and Python (the MagPy pa-
ckage, including its graphical version called Xmagpy).

The Java converters do not allow for including the variometer temperature data in the ImagCDF file and therefore
suitable only for the Quasi-definitive level and not above. MagPy is more flexible as it allows for reading and writing
files in many formats, including IAGA-2002, ImagCDF, and the LEMI-025 files with a discretization frequency of
10 Hz, text or binary (from the Compact-flash memory card). It is also easy to extend this software’s functionality
using other Python packets. Given the future necessity to prepare one-second Definitive files, we used the MagPy
packet to combine the magnetic and temperature channel records and save them as ImagCDF files. Since the vari-
ometer’s temperature changes slowly, it is sufficient to associate the one-second magnetic data with one-minute
temperature data. It may also be convenient to have one-minute ImagGDF files along with the one-second versions.
A simplified procedure looks like this:

1. We have the one-second and one-minute IAGA-2002 files and the one-minute files with auxiliary measure-
ments (the .min.sup files yielded by supfromtxt) for the same period.

2. Using the read function of the MagPy packet, we read the one-second and one-minute IAGA-2002 files for the
same day and store these data in the array variables n63s and n63m, respectively.

3. Using the loadtxt function of the numpy packet, we read the one-minute file for the same day (.min.sup). We
process the “999.99” values, indicating missing temperature data, appropriately.

4. Using MagPy's _put_column function, the two columns containing the temperatures of the LEMI-025 unit and
the fluxgate sensor are added to the n63m array containing the one-minute magnetic data.

5. Using the mergeStreams function of MagPy, we copy one-minute temperature channels from the variable n63m
to the variable n63s (where the one-second magnetic data are saved). This step automatically copies the timestamps
of the one-minute temperature channels.

6. We update the metadata obtained from the IAGA-2002 files and saved as the headings of the variables n63s and
n63m with the necessary information. In particular, we fill in the data of ‘DataPublicationLevel’, ‘DataStandardLevel’,
‘DataPartialStandDesc’, ‘unit-col-t1’, and ‘unit-col-t2’.

7. Using the write function of MagPy, we save the content of the variables n63m and n63s in the one-second and
one-minute ImagCDF files.
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B2. Formatting data as ImagCDF. Some specifics of filling in the metadata

Let us review in more detail the type of information that should be included in the ‘DataStandardLevel’, ‘StandardName’,
and ‘DataPartialStandDesc’ cells. The ‘DataStandardLevel’ cell can have one of the three values (Flower, 2017):

1. ‘None’: the data do not meet any standard, in which case ‘StandardName’ and ‘PartialStandDesc’ cells are
omitted.

2. ‘Partial’: the data partially meets some relevant standard.

3. ‘Full’: the data fully meets a standard, so ‘PartialStandDesc’ can be omitted.

For the ‘Partial’ and ‘Full’ data, the cell ‘StandardName’ should contain a value appropriate for the data:
‘INTERMAGNET _1-Second’, INTERMAGNET _1-Minute’, or INTERMAGNET _1-Minute_QD’.

To select the content of ‘DataPartialStandDesc’, Appendices C, D, E, and F outline the correspondence of the
LEMI-025 and POS-1 devices to the standard requirements for the one-minute and one-second Definitive data. In
general, all requirements are met expect for two: IMOM-16 and IMOS-5. The IMOS-5 requirement does not pose
strict constraints since it can be met by direct transformation of the 10 Hz data and rounding to 0.001 nT, rather than
by transforming the data from the IAGA-2002 files.

As for the IMOM-16 requirement (temperature drift <0.25 nT/°C), there are some doubts. The temperature tests
of LEMI-025Ne63 conducted by LCISR had shown that it meets this standard. Meanwhile, during the device’s first
year of operation at observatory, substantial temperature drift of the Z component was observed (approx. 0.6 nT/°C).
After the sensor was insulated in September 2020, the evaluated component’s drift decreased to 0.4 nT/°C. Given that
the sensor’s temperature in, for example, 2023 was mostly kept as 6.2—6.6 °C, and only five days in March was there
a 2.3 °C, deviation of the magnetic channels should not have exceeded 0.92 nT (even with a temperature coefficient of
0.4 nT/°C). The actual deviation of the DELTA F signal did not exceed —0.35 nT (Fig. B2), and its behavior sig-
nificantly differed from the sensor’s temperature deviation pattern. A formal estimate of the temperature coefficient for
the DELTA F signal is —0.35/2.3 = —0.15 nT/°C. Evaluating the temperature drift of separate components from the
available data is impossible. Notably, both the calculated (0.92 nT) and the actual (—0.35 nT) values meet the IMOS-12
requirement for the cumulative variometer error within +2.5 nT between two consecutive absolute measurements.

LEMI-025 meets the requirements for the amplitude and phase-frequency parameters and the accuracy of count
synchronization with Coordinated Universal Time (IMOS-01, 02, 03, 06, 22, 31) (Marusenkov, 2018). The require-
ments for the noise level and component orientation accuracy (IMOS-14, 15, 21) were shown to be met in (Maruse-
nkov et al., 2019).
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Figure B2. The Quasi-definitive geomagnetic data during temperature fluctuations in March, 2023. Temperature chan-
nel markings: T1 — the temperature of the LEMI-025Ne63 electronics unit, T2 — the LEMI-025Ne63 fluxgate sensor

158 ISSN 1727-7485. Ukrainian Antarctic Journal, 22(2), 2024, https://doi.org/10.33275/1727-7485.2.2024.733



Yurii Sumaruk, Mykhaylo Orlyuk, Andriy Marusenkov et al.: The procedure for preparing one-second variometer data

B3. Formatting data as ImagCDF. Software for viewing and editing the ImagCDF files

Data formatted as ImagCDF can be visualized in xmagpy (Fig. B2) or autoplot (Fig. B3). The former program allows
a limited set of data transformations frequently used for geomagnetic data. For example, it can compute the DELTA F
signal, presenting the data in different coordinate systems (XYZ, HDZ, or DIF), correcting the transformation and offset
coefficients, deleting noisy sections, computing statistical parameters of the signals, etc. It is also possible to review
and edit the metadata. The autoplot program provides a wide selection of graphic data presentation and mathematical
processing. This can be used, for example, when plotting signal spectrograms; in particular, it allows users to iden-
tify the coherent noise in the LEMI-025Ne63 and POS-1 records (Fig. B3). Also, the program allows reviewing the
metadata more conveniently than xmagpy.

If one needs to access the command-line interface, the CDF software packet is a convenient tool. In particular,
the cdfedit program allows to review an ImagCDF file content and correct it if necessary.
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Figure B3. An example of visualization of the Z component using an ImagCDF file. The horizontal lines on the
spectrogram at 0.1, 0.2, 0.3, and 0.4 Hz are noises of the POS-1 magnetometer

ISSN 1727-7485. Yipaincokuii anmapkmumnuil wcypran, 2024, T. 22, Ne 2, htps.//doi.org/10.33275/1727-7485.2.2024.733 159



Yurii Sumaruk, Mykhaylo Orlyuk, Andriy Marusenkov et al.: The procedure for preparing one-second variometer data

C. The correspondence of the parameters of the LEMI-025 variometer
and the respective INTERMAGNET standards (to fill in the PartialStandDesc data
in the one-minute ImagCDF files)

Code Description Parameters
of the PartialStandDesc cell p of the LEMI.025

IMOM-01 Timestamp accuracy (centered on the Coordinated 0.001 s
Universal Time (UTC) minute): 5 s

IMOM-11 Absolute accuracy: £5 nT 2 nT

IMOM-12 Resolution: 0.1 nT 0.001 nT

IMOM-13 Dynamic range: 14000 nT

>4000 nT at high latitudes,
>3000 nT at middle/equatorial latitudes

IMOM-14 Band pass: D.C. to 0.1 Hz D.C.up to 3.7 Hz
for the 10 Hz data

IMOM-15 Minimum sampling rate: 1Hz 10 Hz

IMOM-16 Thermal stability: 0.25 nT/°C

IMOM-17 Long-term stability: 5 nT/year <4 nT/year

IMOM-18 Filtration to one-minute data: INTERMAGNET- Yes

recommended Gaussian filter

D. The correspondence of the POS-1 scalar magnetometer’s parameters
to the INTERMAGNET’s standards (to fill in the PartialStandDesc cell
in the one-minute ImagCDF files)

Pa nizi(s)?;ngfggfc cell Description POS-1 parameters

IMOM-01 Timestamp accuracy (centered on the UTC minute): 5 s 0.2s

IMOM-21 Resolution: 0.1 nT 0.001 nT at the device’s output
0.01 nT in the ITAGA-2002 files

IMOM-22 Absolute accuracy: =1 nT 1 nT

IMOM-23 Minimum sampling rate: 0.033 Hz (30 s) 0.1Hz
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E. The correspondence of the LEMI-025 variometer’s parameters and the respective
INTERMAGNET standards (to fill in the PartialStandDesc cell in the one-second ImagCDF files)

Code
of the PartialStandDesc
cell

Description

Parameters
of the LEMI-025

IMOS-01
IMOS-02
IMOS-03
IMOS-04

IMOS-06

IMOS-11
IMOS-12

IMOS-13
IMOS-14
IMOS-15

IMOS-21
IMOS-22

IMOS-31

General specifications

Timestamp accuracy (centered on the UTC minute): 0.01 s

Phase response: maximum group delay £0.01 s
Maximum filter width: 25 s

Dynamic range:
>4000 nT at high latitudes,
>3000 nT at middle/equatorial latitudes

Band pass: DC to 0.2 Hz

Pass band requirements [DC to § mHz (120 s)]
Noise level: <100 pT RMS!

Maximum offset error (the cumulative error between two
consecutive measurements): £2.5 nT?

Maximum component scaling and linearity error: 0.25%
Maximum component orthogonality error: 2 mrad
Maximum Z-component verticality error: 2 mrad
Pass band specifications |8 mHz (120 s) to 0.2 Hz]

Noise level: <10 pT/VHz at 0.1 Hz

Maximum gain/attenuation <3 dB

Stop band specifications [>0.5 Hz]

Minimum attenuation in the stop band (>0.5 Hz): 50 dB

0.01s
+0.005 s
6s
+4000 nT

DC no 0.2 Hz
<20 pT RMS
+1 nT

0.02 %
0.5 mrad
0.5 mrad

<10 pT/vHz at 0.1 Hz
<2.34 dB

>51 dB

!'measured for a period of 10 min at least.
2 maximum errors of the device, including the long-term and temperature drift
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F. The correspondence of the LEMI-025 and POS-1 equipment complex to INTERMAGNET standards
(to fill in the PartialStandDesc cell in one-second ImagCDF files)

Code
of the Partial- Description Device parameters

StandDesc cell

Requirements for auxiliary measurements

IMOS-41 Compulsory full-scale scalar magnetometer measurements with a data | POS-1 magnetometer
resolution of 0.01nT at a minimum sample period of 30 seconds. resolution 0.01 nT
sample period 10 s
IMOS-42 Compulsory vector magnetometer temperature measurements with a | LEMI-025 magnetometer
resolution of 0.1 °C at a minimum sample period of one minute. resolution 0.01 °C

sample period 1 s
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