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Increasing the accuracy of absolute measurements
at the Argentine Islands geomagnetic observatory
of the Ukrainian Antarctic Akademik Vernadsky station

Abstract. In recent years, the INTERMAGNET geomagnetic observatory Argentine Islands of Ukrainian Antarctic Akademik
Vernadsky station, located at Galindez Island, has been modernized. New devices were installed at the observatory: reference
three-component fluxgate magnetometer LEMI-025, one-component Mag-01H Fluxgate Declinometer/Inclinometer with
non-magnetic Wild T1 Theodolite (DI-magnetometer), and scalar Overhauser magnetometers GSM-19 and GSM-90. These
devices have a high resolution and can carry out measurements with greater accuracy. Also, new methods of absolute observa-
tions and variation processing were introduced. In 2022, a new DI-magnetometer was installed; it practically did not change the
baseline values of the variometer LEMI-025 compared to previous years, which indicates the reliability of the results, but made
observations much more convenient. We present the results of processing absolute observations, carried out by different meth-
ods. Different techniques of calculating these observations are described, and certain shortcomings or inaccuracies in their ap-
plication are noted. Recommendations to eliminate the identified shortcomings are proposed. The results of processing of ab-
solute observations by different techniques are compared and the reason for the inconsistency of certain values is found. A new
method of calculation of absolute observations is proposed, which was used at the observatory, which showed quite good results.
In the new methodology, the calculation of errors of the DI-magnetometer, namely: the zero offset of the magnetic sensor, the
azimuth collimation error 6 and the elevation collimation error ¢ of its sensitivity axis relative to the axes of theodolite, is initi-
ated. Analysis of these errors allows identifying and sometimes correcting the errors in absolute measurements. The installation
of new devices and the application of new calculation methods made it possible to ensure better data quality and convenience of
measurements at the station, to automate the data processing, preparation, and minimizing the influence of the human factor.

Keywords: absolute observations, declination, geomagnetic observatory, inclination

1 Introduction united observatories with digital registration, which

agreed to send diurnal data to the geomagnetic infor-
The world network of magnetic observatories INTER- | mation centers (nodes) (GIN) within 72 hours. Also,
MAGNET (International Real-time Magnetic Ob- | the procedure of implementing definite requirements
servatory Network) was created in 1991. This network | for the measurement and data processing of the geo-
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magnetic field was agreed upon. In the beginning, the
network united 47 of such observatories. The GINs
were created in Canada, UK, Japan and France. The
observatories sent their data to these GINs, and the
centers checked them for compliance with the ac-
cepted format and published them on CD-ROMs.
Every member of INTERMAGNET has the right to
use the data of all members of this network. Today the
INTERMAGNET network unites more than 110 world
observatories, including the Ukrainian Antarctic Aka-
demik Vernadsky station, successor to the British
Faraday Station since 1996. The geomagnetic obser-
vatory was organized in 1955 (according to the IAGA
catalogue, its code is AIA, Argentine Island Archipela-
go) when regular registration of the Earth’s magne-
tic field began (Cotton & Simmons, 1986). Since 2004,
the AIA observatory has joined the INTERMAGNET
network (Melnyk & Bakhmutov, 2007/2008; Sumaruk
et al., 2011). It regularly sends measurement records
to the GINs according to schedule. The AIA observa-
tory has the longest series of geomagnetic observa-
tions in Antarctica, which allows studying geomagnetic
variations over different periods, including secular
variations (Sumaruk, Yu. P., & Sumaruk, T. P, 2016).
In addition, the AIA observatory is the basic one in
the Antarctic Peninsula region for the network.

The INTERMAGNET membership requires meet-
ing certain standards for observing and processing
geomagnetic field data (St-Louis, 2020). Therefore,
one of the most important tasks of the AIA observa-
tory is to obtain high-quality measurements by the
followed procedure.

A set of improvements in the observing technique,
instrumentation, and processing method was initiated
to increase the accuracy of measurements in the dif-
ficult conditions of Antarctica. For this, the State
Institution National Antarctic Scientific Center (SI
NASC) of the Ministry of Education and Science of
Ukraine acquired novel higher-quality devices, and
modern data processing methods were implemented.
This process started in 1998 and continues today
(Marusenkov et al., 2019).

The purpose of this paper is the description of recent
improvements at the AIA observatory and the discussion
different processing algorithms to select the most suit-
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able to minimize possible instrumentation and ob-
servation procedure errors. First, the newly installed
advanced instrumentation is considered. Then, the
data format, different processing methods, and the
results of their comparison for error minimization.
Finally, the conclusion summarizes the results and
gives an efficiency estimation of the newly introduced
processing method.

2 Equipment, data, and methods
2.1 Equipment for magnetic field measurements

Today, the AIA observatory is equipped with two flux-
gate magnetometers made in Ukraine. Since 2003,
the magnetometer LEMI-008 has been working quite
successfully, providing one-minute magnetic field
measurement data to the INTERMAGNET net-
work. In 2020, measurements were started using the
novel magnetometer LEMI-025 which obtains high-
precision one-second data in the IAGA-2002 format
(St-Louis, 2020). This improvement revealed problems
in the operation of the magnetometers, particularly
in the absolute measurements' calculation accuracy.
To eliminate them, new equipment was installed, and
a more advanced data processing system was imple-
mented. The State Institution National Antarctic
Scientific Center has acquired a set of new equip-
ment for the modernization of the geomagnetic ob-
servatory consisting of the Wild T1 non-magnetic
theodolite with Mag-01H one-component magne-
tometer, GSM-19 scalar magnetometer/gradiometer
and GSM-90 scalar magnetometer.

The Mag-01H magnetometer, installed on a non-
magnetic theodolite Wild T1 (Fig. 1), allowed the an-
gular measurements of the terrestrial magnetic field
vector B — declination D and inclination I. The an-
gular resolution of the theodolite Wild T1 is 6 arc sec-
onds, so an experienced observer can make measure-
ments with an error within 2 arc seconds.

Magnetometer Mag-01H has a range of magnetic
field measurements of £0.2 mT, drift in zero fields not
more than 1 nT, and a maximum resolution of 0.1 nT.
The Mag-01H electronics unit has an internal bat-
tery, which allows it to carry out the monitoring au-
tonomously.
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The Overhauser GSM-19 magnetometer allows
directly sensing the Earth’s magnetic field F in the
range 15,000 to 120,000 nT (Fig. 2) with a resolution
of 0.01 nT and absolute accuracy of 0.1 nT. It exe-
cutes measurements in a rapid cycle, which in the stan-
dard mode is 3 s, but can be decreased up to 0.2 s, and
a wide temperature range — from —40 °C to +50 °C.
All these features make it convenient in the condi-
tions of the Antarctic geomagnetic observatory.

Scalar magnetometer GSM-90 (Fig. 3) perma-
nently records the magnetic field scalar total inten-
sity F in geomagnetic observatories. Its operation
principle is the same as GSM-19 and is based on the
Overhauser effect.

For baselines of variometer records estimation, the
absolute measurements of the elements of the Earth’s
magnetic field vector are regularly carried out at the
geomagnetic observatory (Jankowski & Sucksdorft,
1996), and its goal is to provide baseline values for
magnetic variations' calculation.

Absolute measurements at the AIA observatory are
regularly made during the whole year. Similarly to
the observatories in the USA (Worthington & Matzka,
2017), they are carried out both by the “zero” method
(A) and by the “residual” method (B). The obtained
data are processed to determine the exact values of
the declination D and inclination / angles. Given the
accurate data of these angles and the modulus of the
magnetic field vector F, the values of the components
of the Earth’s magnetic field are calculated and com-
pared with the measured values of the three-compo-
nent magnetometer. In this way, the real errors of the
magnetometer measurements — the baselines — are
determined. The exact method of processing these
data determines the accuracy of the obtained result.
The methods of the calculations used at the AIA sta-
tion are discussed in the next subsection, 2.2.

2.2 Data

We use the data collected during absolute measure-
ments at the AIA geomagnetic observatory with the
help of the following available instrumentation: two
theodolite-mounted one-component magnetometers
Wild T1 and Theo-020-B to record DI; proton mag-

Figure 1. Non-magnetic theodolite Wild T1 with fluxgate MagA
and magnetometer Mag-01H

Figure 2. Scalar magnetometer GSM-19

Figure 3. Scalar magnetometer GSM-90
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netometer PMP-8 and Overhauser magnetometer
POS-1 for absolute field measurements, and fluxgate
magnetometer LEMI-025 for the components of
geomagnetic field data.

The input data set for the session of absolute mea-
surements by the zero method (method A) is present-
ed in Table 1. The data taken at different stages of
absolute measurements are shown in Table 1 with dif-

Table 1. Input data for calculating the magnetic field’s
absolute elements and the variometer’s baseline values

(the data taken at different stages of absolute measurements
are shown in Table 1 with different colours)

SEI’ESS LEMI-025 | POS-1 | PMP-8 DI-flux

— * * — Al | sensor above
telescope

— * * — A2 | sensor under
telescope

t1 X1,Y1,Z1 Fl - D1 West-up

12 X2,Y2,72 F2 - D2 East-up

13 X3,Y3,73 F3 — D3 | West-down

t4 X4,Y4,74 F4 — D4 | East-down

15 X5,Y5,75 F5 TI —

16 X6,Y6,76 F6 T2 —

t7 X7,Y7,727 F7 T3 —

18 X8,Y8,78 FS T4 —

19 X9,Y9,729 F9 T5 —

t10 | X10,Y10,Z10| FI10 — 11 | North-down

tll | XILY11,Z11| FII — 12 | South-down

t12 | XI12,Y12,Z12| FI2 — I3 | North-down

t13 | X13,Y13,Z13| FI3 — 14 South-up

tl4 | X14,Y14,Z14 | Fl4 T6 —

tl5 | X15,Y15,Z15| FI5 T7 —

tl6 | X16,Y16,Z16 | Fl6 T8 —

t17 | X17,Y17,Z17 | F17 79 —

t18 | XI18,Y18,7Z18| FIS§ TI0 —

- * * - A3 | sensor above
telescope

- * * - A4 | sensor under
telescope

Notes: “*” data are registered but not used when calculating;
“—” data are not registered.
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ferent colours. With DI-magnetometer, the operator
carries out the measurements of the reference azimuth
mark horizontal angles (A1-A4), magnetic declina-
tion (D1-D4), and magnetic inclination (11-14). The
data of the DI-magnetometer and proton magne-
tometer PMP-8 are recorded into measurement pro-
tocol with exact fixation of time by the operator. Data
from LEMI-025 and POS-1 are taken from a text file
in JAGA-2002 format.

2.3 Data processing methods

Three different methodologies were used to process
the data by method A. According to the former method-
ology, which is still used at the station, the operator
transfers the data of LEMI-025 and POS-1 from the
IAGA-2002 file to the protocol form and the Excel
file, where the calculations are executed. With the
new methodology, the calculations are carried out
in another Excel file, where data are automatically
copied from the Excel file of the former methodology
and the TAGA-2002 file with the help of a special
program. Also, from the beginning of March 2022,
the data of absolute measurements by method A were
processed by the ABS.exe program, mainly used in
geomagnetic observatories in Poland and Ukraine.
The program was adapted for processing data from
places with negative values of magnetic inclination
(South Hemisphere). In calculating with the ABS.exe
program, theodolite data A1-44, DI-D4, 11-14, va-
riometer data X/-X4, YI-Y4, X10-X13, YI10-Y13,
Z10-Z13, and proton magnetometer data (PMP-8 or
POS-1) at intervals t14—t16 were used.

Besides these data, for the processing of absolute
measurements, the following additional known pa-
rameters are used: the reference mark azimuth Az,
compensation values Xc, Yc, and Zc of the LEMI-025
variometer (only with the new method), and gradi-
ents of the magnetic field total intensity between the
theodolite pillar and the pillars of the sensors PMP-8
(PI), POS-1 (P2) and LEMI-025 (P3). Until 2020, the
following gradient values were used in calculating the
baseline values: P/ =+4.5nT, P2=—5nT. Therefore, it
was considered that the difference between the PMP-8
and POS-1 sensors pillars was P2-P1 = —9.5nT.

ISSN 1727-7485. Ukrainian Antarctic Journal, 20(2), 2022, https://doi.org/10.33275/1727-7485.2.2022.697



Yu. Sumaruk, A. Marusenkov, A. Neska et al.: Increasing the accuracy of absolute measurements

After installing a new instrumental set based on the
LEMI-025 variometer in 2019 and eliminating mag-
netic impurities in the variation pavilion, the real dif-
ference between the readings of PMP-8 and POS-1
magnetometers was —8.8 nT. Thus, until April 15, 2021,
the baseline values were calculated using the follow-
ing gradient values: P/ = +4.5nT, P2=—4.3nT.

In 2021, after the experiments with the movements
of the POS-1 sensor, its readings changed, and the value
P2=—4.75nT was used. The PMP-8 data for almost the
whole of 2020 and a part of 2021 were unstable. From
May 2021, after resuming its normal operation, the dif-
ference in PMP-8 and POS-1 readings was —8.1 nT.
In the result, the value P/ = 3.35 nT was used.

On March 23, 2022, the old equipment was re-
moved from the room where the sensor of the POS-1
magnetometer was installed. It caused a change in its
records by +9.1 nT. Thus, since March 23, the value
of P2=—13.85nT hasbeen used. In 2019, before the
installation of the LEMI-025 sensor, the gradient be-
tween the pillars of the theodolite and LEMI-025 was
checked, which was P3 = 13.4 nT. It should be noted
that the measurement of the gradients between the
pillars requires a special study, as the previous mea-
surements detected a considerable heterogeneity of
the field on the surface of the PMP-8 and theodolite
pillars as well as around the POS-1 and LEMI-008
pillars (see Leonov & Otruba, 2021). However, it goes
beyond the tasks of this paper.

According to the former methodology, the process-
ing of the results of absolute measurements uses the
calculation of the following parameters: inclination
and declination (labs, Dabs) of the magnetic field
vector in the selected frame (axis x to the North, axis
y to the East, axis z to the bottom), absolute values of
the horizontal (Habs) and vertical (Zabs) vector com-
ponents, baseline values of variometer components
Xbase, Ybase, Zbase, and additional baseline values
Hbase, Dbase. According to the new methodology, in
addition to the parameters mentioned above, the DI-
magnetometer instrumental errors are calculated: mag-
netic sensor zero drift SO(D), SO(1), the angles 5, £(D),
g([), which reflect imperfect parallelism of the opti-
cal and the magnetic axes of the telescope and the
fluxgate sensor respectively, and the parameter A/,

DI-flux, sensor down Optical axis
FRETIN ° %
X ‘0
1 F €
o @%Qo
Ay & \
%
L . .
) Magnetic axis
Yo . . .
8 — azimuth collimation error
v Zy ¢ — elevation collimation error

Figure 4. The difference between the optical axis of the tele-
scope and the sensor magnetic axis

which characterizes the discrepancy in measure-
ments of magnetic inclination. Also, the difference
AFP 1., OF both absolute magnetometers’ pillars and
the total field difference AF between readings of the
LEMI-025 variometer and the POS-1 absolute mag-
netometer are evaluated. The last parameter is im-
portant for analysing the variometer measurements’
stability and is invariant to its sensor orientation.

Zero drift of the magnetic sensor is calculated based
on the data on both the magnetic declination — SO(D)
and the magnetic inclination — SO(/). The difference
between the telescope’s optical axis and the magnetic
sensor’s sensitivity axis (magnetic axis) is given by
two angles, as shown in Figure 4.

The azimuth collimation error 8 (in the x, y, plane)
is estimated based on measurements of the magnetic
declination. The elevation collimation error ¢ (the
deflection from the plane x,y,) and the zero drift are
estimated using the measurements of magnetic decli-
nation (g(D)) and inclination (&(/)).

At present, when calculating €(D), the absolute
value of the magnetic inclination at the interval 710-
T13 is used, although it should be used more correctly
the value at the interval 7'/-T4. However, it does not
necessarily affect the accuracy of ¢ estimation.

To calculate the magnetic inclination, it is enough
to conduct measurements at two positions: North-up,
South-up or North-down, and South-down (Rasson,
2005). Having measurements of angles at all four po-
sitions, inconsistency of magnetic inclination esti-
mations can be determined. Significant variation of
this parameter from zero can indicate the magnetic
impurity of the theodolite or the pillar (Rasson, 2005).
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Table 2. Equations for magnetic field calculations

Parameter Old technique A New technique A
Fabs _
Fom—_ Fo (TEiE+P2
Habs - - EO . F. cosUabs)
b - 1, EBE 2., - . sinllabs)
Dabs 1 4
b
ZZ(D: -4) —3 14
i=1
labs _
1 4
Dbase b I Y - 12 . (Y—+Yc)
Dabs — arctan “Hold aps 1 arctan Y. T Xe
Hbase
..~ e (BB A KT (A V)R
Zbase
..~ Zu (ZE0%
——2 VX +Xe)2 + (Y +Ye)?
Xbase Dab 24.
H,,- cos(Dabs) — (H,,—AH) - cos(Dabs) — 3 &i=1X,
Ybase . 1sa 4
H,,-sin(Dabs) — 3 Zi=1Y, (H.,, —AH) - sin(Dabs) — Zi:lY,-
AF _
182 J& + X2 + (%, +YO? + (Z, + Z)2 — F| - P2+ P3
i=1
_ =1
so(D) Z[Dy - Dy + Dy~ D,]-(H,, — AH)
— R
3 - 1
E[D1+Dz_Ds_D4]
D — 1
¢(D) X[y - D, — D, + D, — 2] - ARG
“') ‘ s 1)
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Analysing the DI-magnetometer errors can help de-
tect rough errors in measurements of the magnetic
declination/inclination angles.

The equations for calculations according to old
and new techniques are given in Table 2. To calculate
separate components, equations are given in differ-
ent colours according to the absolute measurements
stages. In some equations, the components are high-
lighted in different colours. This indicates that the
data are used from different stages of measurements,
and the result may be unreliable due to disturbances
in the geomagnetic field.

3 Results and discussion

A comparison of the baseline values of the LEMI-025
variometer obtained in the first half of 2022 was com-
puted using the old and new methodologies, which
are given in Tables 3 and 4. Every month the absolute

measurements were provided 1415 times. Table 3
presents the monthly averaged baseline value of each
component. Both methods, on average, give consis-
tent estimates of the baseline values — the deviation
does not exceed +0.3 nT. Table 4 shows the standard
deviations of the baseline values of each component
during the corresponding month. The new technique
provides a smaller deviation in the estimates of the
baseline values.

The results of the ABS.exe program (using POS-1
data) and the new calculation technique also were
compared. Table 5 shows the monthly averaged base-
line values of each component. Both programs, on
average, provide consistent estimates of the baseline
values of components X and Y — the deviation does not
exceed 0.3 nT. Average monthly estimates of the base-
line values of component Z differ quite significantly
in March, probably due to a higher level of geomag-
netic fluctuations in this month. Table 6 shows that

Table 3. Comparison of average monthly base values of LEMI-025 calculated by old and new techniques (method A)

Old technique New technique Difference
Date
Xbold, nT Ybold, nT Zbold, nT Xbnew, nT Yonew, nT Zbnew, nT dXb,nT | dYb,nT | dZb, nT
2022/01 19739.72 5576.68 —31878.82 | 19739.76 5576.72 —31878.63 | —0.03 —0.04 —0.19
2022/02 19740.10 5576.36 —31878.64 | 19740.02 5576.29 —31878.36 0.08 0.07 —0.27
2022/03 19740.41 5576.27 —31878.11 19740.41 5576.01 —31878.19 0.00 0.26 0.08
2022/04 19741.23 5577.03 —31877.47 | 19741.42 5576.91 —31877.53 | —0.19 0.12 0.06
2022/05 19742.27 5576.57 —31877.05 | 19742.49 5576.41 =31877.01 | —0.21 0.15 —0.04
2022/06 19743.02 5578.67 —31876.36 | 19743.11 5578.62 —31876.41 | —0.09 0.05 0.05
Table 4. Comparison of monthly standard deviations of LEMI-025 baseline values calculated by old
and new techniques (method A)
Old technique New technique Ratio
Date
GXo]d’ nT GYcld’ nT 0-Zc»ld’ nT 0-Xnew’ nT GYnew’ n GZneW’ nT O-Xo]d/GXnew GYold/O-Ynew GZo]d/GZnew
2022/01 0.54 1.13 0.95 0.36 0.59 0.33 1.49 1.90 2.89
2022/02 0.54 0.86 1.14 0.38 0.64 0.31 1.42 1.34 3.64
2022/03 0.56 0.57 0.63 0.34 0.62 0.17 1.66 0.91 3.81
2022/04 1.16 1.16 0.74 0.76 1.06 0.44 1.53 1.10 1.67
2022/05 0.64 1.26 0.44 0.43 1.21 0.36 1.50 1.04 1.21
2022/06 0.87 0.80 0.49 0.75 0.69 0.43 1.16 1.15 1.14
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the standard deviations of the baseline values of com-
ponent Z obtained by the ABS.exe program in March
are much larger than those obtained by the new one.

The difference in the evaluations by different tech-
niques is due to several reasons. The old and new
processing techniques for absolute measurements (as
well as the ABS.exe program) do not differ in the for-
mulas (and estimates) for magnetic declination and
inclination. There is a certain inconsistency in the
estimates of the total intensity. According to the old
technique, this parameter is calculated as the average
value of two series of measurements before and after
the measurements of the magnetic inclination angles.
According to the new technique, the total intensity is
the average reading of the absolute magnetometer
exactly at the interval of the magnetic inclination
measurements.

In practice, this discrepancy has a spread of —4.2 to
3.2 nT based on absolute measurements in January—
June 2022. There are similar differences in the esti-
mates of Habs and Zabs components, as these are
calculated using the absolute total intensity Fabs.

The equations for calculating auxiliary baseline
values Hbase, Dbase also differ significantly in both
techniques. The calculations of the old technique
seem more convenient for the variometer with the
sensor oriented in the HDZ orientation, that is, when
the X component is directed to the magnetic North,
Z — down. In this case, the X channel of the variom-
eter really measures the horizontal component of the
magnetic field vector. Therefore, it is possible to cal-
culate the baseline value as the difference between
Habs and X. Also, at such an orientation of the sen-
sor, it is possible to estimate the magnetic declination
based on the readings of the Y channel of the vario-
meter and the value of Habs at the same time interval.
Note that in the formula of the old technique for es-
timating Dbase, the values of Dabs and Yi are taken at
the interval of magnetic inclination measurements,
and the absolute value of the horizontal component
of the magnetic field vector is taken at the interval of
magnetic inclination measurements.

Given that the observatory’s average value of the
magnetic declination is about 15.5 degrees, applying

Table 5. Comparison of average monthly base values of LEMI-025, calculated according to the results
of the ABS program and according to the new technique (method A)

ABS program New technique Difference
Date
Xb,p, nT Yb, ., nT Zb, 4, nT Xbnew, nT Ybnew, nT Zbnew, nT | dXb,nT | dYb,nT | dZb,nT
2022/03 19740.71 5576.10 —31878.95 | 19740.41 5576.01 —31878.19 0.30 0.08 —0.75
2022/04 19741.51 5576.93 —31877.83 | 19741.42 5576.91 —31877.53 0.09 0.02 —0.30
2022/05 19742.56 5576.44 | —31877.25 | 19742.49 5576.41 —31877.01 0.07 0.02 —0.23
2022/06 19743.12 5578.63 —31876.52 | 19743.11 5578.62 —31876.41 0.02 0.01 —0.11
Table 6. Comparison of the monthly standard deviations of the LEMI-025 baseline values calculated by the results
of the ABS program and by the new technique (method A)
ABS Program New technique Ratio
Date
GXABS’ nT GYABS’ nT 6ZABS’ nT Gchw’ nT GYncw’ nT GZnew’ nT 0-XABS/ GXnew 0-YABS/ GYncw GZABS/ GZnew
2022/03 0.62 0.63 0.89 0.34 0.62 0.17 1.83 1.02 5.35
2022/04 1.16 1.11 0.95 0.76 1.06 0.44 1.52 1.05 2.16
2022/05 0.45 1.21 0.46 0.43 1.21 0.36 1.05 1.00 1.27
2022/06 0.77 0.69 0.73 0.75 0.69 0.43 1.02 0.99 1.70
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Figure 5. Baseline values of the LEMI-025 variometer (“x” and “0” — the new approach of data
processing of absolute measurements taken by the zero and residual methods respectively; “+” — the
ABS program applied to the zero method dataset)

the formulas of the old technique can lead to erro-
neous results. In the new technique, the magnetic incli-
nation and the horizontal component of the mag-

netic vector are calculated based on the readings of
the LEMI-025 variometer components compensa-
tion signals Xc, Yc. The calculation of auxiliary base-

Table 7. Comparison of baseline values before and after replacing DI magnetometers

Old DI magnetometer New DI magnetometer Diff
09.02—11.03 2022 12.03—13.04 2022 Hierence
Parameter
Method A Method B Method A Method B Method A Method B
Xbase, nT 19740.06 19739.94 19740.57 19741.16 0.51 1.22
Ybase, nT 5576.18 5575.72 5576.21 5576.04 0.03 0.31
Zbase, nT —31878.38 —31878.49 —31878.09 —31877.74 0.28 0.75
AFpillar, n'T 1.417 1.430 1.373 1.346 —0.043 —0.083

ISSN 1727-7485. Yipaincviuii anmapkmuunuil acypuan, 2022, T. 20, Ne 2, https.//doi.org/10.33275/1727-7485.2.2022.697 159




Yu. Sumaruk, A. Marusenkov, A. Neska et al.:

Increasing the accuracy of absolute measurements

DI-flux errors, 2021/Dec — 2022/Jun
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Figure 6. Errors of the old and new DI-magnetometers (see explanations of the symbols in the plot

insets)

line values of both Hbase and Dbase takes place with
the involvement of data at the same time intervals.
Also, according to the new methodology, the differ-
ence value AH of the horizontal component of the
magnetic vector is calculated at the time intervals of

the magnetic inclination and declination measure-

ments. This difference was later used to bring the ab-
solute value of the horizontal component of the mag-
netic vector to the time interval of declination mea-
surements (t1—t4). It is required to determine the ab-
solute values of the components Xabs, Yabs, and the
corresponding baseline values Xbase, Ybase.

Table 8. Comparison of the AF . difference before and after the removal of the old equipment 03/23/2022

21.02—-22.03 2022 23.03—23.04 2022 Difference
Parameter
Method A Method B Method A Method B Method A Method B
AFpillar, nT 1.425 1.435 1.334 1.314 —0.091 —0.122
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The old technique for calculating these values uses
the uncorrected absolute value of the horizontal
component of the magnetic vector, which is obtained
for the time interval of magnetic inclination mea-
surements (t10—t13).

Graphs of the baseline values of the LEMI-025
variometer from December 2021 to June 2022 are
shown in Figure 5. The results of measurements by
methods A and B, calculated according to the new
method, are marked in black. The results of method
A calculated using the ABS.exe program are marked
in red. Vertical dashed lines mark the moments of
transition to a new DI magnetometer on March 12
and the removal of the old equipment on March 23
from the room where the POS-1 sensor magneto-
meter is installed, which caused a change in its records
by +9.1 nT. The total field difference AF = F

LEMIO2S
F is calculated with the correction of POS-1

rePcOSlrding on P3-P2=17.75 nT in the interval until
March 23 and P3-P2 = —26.85 nT after this date.
The total field difference AF = Fonps — Fpog 1 cal-
culated with the correction P/-P2 = —9.5 nT before
March 23 and PI1-P2= —18.6 nT after that date.

To assess the impact of the theodolite replacement,
we compare the average baseline values at one-month
intervals before/after March 12 (Table 7). The basic
values obtained by method B have changed more sig-
nificantly than those obtained by method A. The last
line of the table shows the difference in signals of
the scalar magnetometers PMP-8 and POS-1 —
their change at the same time intervals insignificant
(<0.1 nT) and cannot explain the change in baseline
values. In order to confirm the proper correction of
POS-1 readings, Table 8 shows the difference in signal
AF,. for one-month intervals before/after March 23.
The initial correction value of 9.1 nT substantially
improves (within 0.12 nT) the change in POS-1 read-
ings after the removal the old equipment from the room.

Error graphs of DI-magnetometers are shown in
Figure 6. The new device has a slightly smaller sensor
zero drift (3.0 nT instead of 4.8 nT) and slightly larg-
er angular error values: —59” instead of —49” for the
collimation error 6 and 29” instead of 8” for the col-
limation error &. Note that the measured errors of the

new DI magnetometer exceed the values from the

technical documentation (zero drift <1 nT, collima-
tion errors <207). Clarifying the reasons for this in-
consistency requires further research.

4 Conclusions

A new method for processing absolute measurements
conducted at the geomagnetic observatory “Argentine
Islands Archipelago” (AIA) of the Akademik Vernad-
sky station is proposed. Compared to the results of the
other two procedures, the new approach (methodology)
allows obtaining a significantly smaller (sometimes
up to 4 times) spread of the baseline values, especially
when conducting absolute observations at increased
magnetic disturbances.

It should also be noted that the use of the new DI-
magnetometer practically did not change the base-
line values of the variometer in comparison with pre-
vious years, which indicates the reliability of the ob-
tained results but significantly increased the conve-
nience of conducting observations.

Therefore, the installation of new devices and the
application of new calculation methods made it pos-
sible to ensure the quality and convenience of mea-
surements at the station and obtain one-second data
in the new INTERMAGNET format, as well as to
improve the accuracy of absolute measurements car-
ried out at the geomagnetic observatory.
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ITinBuieHHs TOYHOCTI A0COIIOTHUX BUMIPIOBAHb Y reOMATHITHI 00cepBaTOpii «APreHTHHCBKi 0CTPOBH»

YKpaiHchKoi aHTAPKTHYHOI cTaHujii «Akanemik BepHaacbkuii»

Pedepar. B ocrtaHHi poku Ha reomarHiTHiii o6cepBaTopii «ApreHTHHCHKI OCTPOBU» YKpPaiHChKOI aHTAPKTMYHOI CTaHIIil
«Akanemik BepHancbkuii», sika po3milieHa Ha ocTpoBi [aniHne3, MoaepHi3yBaiu obnaaHaHHs. 3aBAsKU 1IbOMY Ha odcepBa-
TOPii BCTAHOBJICHO HOBI MpuJaan: 6a30BUif TPUKOMITIOHEHTHUI depo3oHaoBuit MarHitTomeTp LEMI-025, omHOKOMITOHEHT-
HUI iHKJIiHOMeTp-AekJiHoMeTp Mag-01H i3 HemarHiTHUM TeoposiTom Wild T1 (DI-MarHiTomerp) Ta cKaJigpHi MarHiTome-
tp GSM-19 i GSM-90 Ha epexti OBepraysepa. Lli mprianu MaloTh BUCOKY PO3MiITbHY 3MaTHICTb, IO J03BOJISIE TIPOBOIUTH
BUMIpPIOBaHHS 3 OLIBIIOI0 TOYHICTIO i 3aCTOCOBYBAaTU HOBI METOAM OOpPOOKM BapialliiHUX Ta aOCOJIOTHUX CIOCTEPEXKEHb.
Bcranosnenns y 2022 p. HoBoro DI-marHiroMerpa npakTU4HO He 3MiHMJI0 Oa3MCHUX 3HaYeHb MarHiToBapialliiiHOI CTaHIIil
LEMI-025 y nopiBHsIHHi i3 momnepeaHiMU pOKaMu, 1110 CBiTYUTh MPO JOCTOBIPHICTh OTPMMAaHUX PE3YJIbTaTiB, OJHAK 3pOOUIIO
MPOBEACHHS CIOCTEPEXEHb 3HAYHO 3py4HiliuM. HaBeneHo pe3ynbrat 00poOKM abCONIOTHUX CIIOCTEPEXKEHbD, SIKi TPOBOIM-
JIK pisHUMU MeTonaMu. ONUCaHO Pi3HI METOAMKU OOUYMCIIEHb LIUX CIIOCTEPEXEHb, a TAKOX 3a3HAUYEHO MEBHI HEIOJiKU Yr
HETOYHOCTI IIPH iX 3aCTOCYBaHHi. 3aITpONIOHOBAHO PEKOMEH/IAIII1 /1T YCYHCHHSI BUSIBJICHUX HEIOJIKiB. 3MiliCHEHO TTOPiBHIH-

162 ISSN 1727-7485. Ukrainian Antarctic Journal, 20(2), 2022, https://doi.org/10.33275/1727-7485.2.2022.697



Yu. Sumaruk, A. Marusenkov, A. Neska et al.: Increasing the accuracy of absolute measurements

HST pe3yJbTaTiB 00poOKM abCOMOTHUX CITOCTEPEKeHb PI3HUMU METOANKAMU Ta 3HAUAEHO MTPUUUHY HEY3TOIXKEHOCTI MeBHUX
BEJIMYMH. 3apOroOHOBaHO HOBY METOIMKY 00paxXyHKY aOCOIIOTHUX CIIOCTEPEXKEeHb, 1110 BUKOPUCTaHa Ha oOcepBaTopii, sKa
rnokasajia JOCUTD SKIiCHi pe3yibraTv. Y HOBili METOAMLII 3aIo4yaTKoBaHO OOUYMCIIeHHS Mmoxubok DI-marHitomerpa, a came:
3MillIEHHSI HYJII MAaTHITHOTO CEHCOopa, KOJiMalliifHOT MOXMOKM a3uMyTy & i KoliMalliiHOT MOXUOKW HaxWUITy € MOro OCi Yy TJIn-
BOCTi BiTHOCHO OCell Teo10J1iTa. AHaJIi3 UX MOXUOOK J03BOJISIE iIeHTUDIKYBaTH, a MOAECKYIU i BUIIPABUTU, TPYOI OMUIKU
TIpY TIPOBECHHI aOCOMIOTHUX BUMipIOBaHb. BCcTaHOBIEHHST HOBUX MPUJIA/IB Ta 3aCTOCYBAaHHSI HOBUX METOIUK OOUMCIICHHS
JIO3BOJIUJIN 3a0€3MEeUNTH SIKICTh Ta 3pYYHIiCTh BUMIPIOBaHb HA CTaHIIii, aBTOMATU3YBaTH MPoIec 0OpOOKY Ta MiATOTOBKY Ja-
Hux s nepenadi B Mepexxy INTERMAGNET, a Takoxk MiHiMi3yBaTu BIUIUB JIIOACHKOTO (haKTOpY.

KiouoBi ciioBa: abCOJIIOTHI CITOCTepeKeHHSI, FeOMarHiTHa 00cepBaTopist, MarHiTHe HaXWJICHHS, CXUJIEHHS
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