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In the field of space weather, an importance of the precise geomagnetic field observations associated with the solar wind
variations has been leading a continuous improvement of the accuracy of magnetic field observations by the satellites.
The European Space Agency (ESA) has previously developed and operated conventional large satellites, such as CHAMP
and SWARM, to conduct high-precision geomagnetic field observations using vector and scalar magnetometers. On the
other hand, with the increasing of CubeSats since the 2000s, that can be developed in a short period of two or three years
and at low cost, they have also come to be used in the scientific observations. In the field of geomagnetic observation,
CubeSats observation has not been developed due to the cost of high-precision magnetometers and the low accuracy of small
magnetometers. If the magnetometer system developed by ESA can be applied to CubeSats, high-precision magnetometer
calibration system can be developed, mass production at low cost will be possible, and simultaneous observation of the
geomagnetic field at multiple locations will become feasible. There is significant potential for contributing to the field of
space weather through the miniaturization of highly accurate magnetometer calibration systems. The study aims to develop
a small, highly accurate magnetometer calibration system that can be mounted on an CubeSat. The magnetometer system
to be developed consists of a measurement system and a calibration system. A fluxgate magnetometer (Spacemag-Lite,
Bartington) is used for the vector magnetometer and an optical pumping magnetometer for the scalar magnetometer
(OTFA-13M, QuSpin).

This study involves verifying the operation of Breadboard Models (BBMs) of magnetometers that can be mounted on
Cubesats, developing control programs for simultaneous measurements, and conducting numerical analysis of the calibration
program based on previous research. After developing the control program, a 10-minute indoor measurement was conducted,
during which simultaneous measurements were mostly successful, although a few instances of extremely low values were
observed in the scalar magnetometer readings.

The calibration program was then validated for accuracy based on the method used by Fan and Liihr [2011] to calibrate
the CHAMP magnetometers. This calibration principle allows estimating the necessary calibration parameters for the vector
magnetometer based on the scalar magnetometer observations, and the error in the total magnetic field total B calculated
from the calibrated vector magnetometer is less than 0.5 nT.

A validation program was created to evaluate the accuracy of this calibration principle, and the analysis was performed
assuming that the December 3, 2019 data from the geomagnetic observation data provided by the Geospatial Information
Authority of Japan (Kuju Observatory) was the true magnetic field data, resulting in an error A B of 252.275 nT for the total
B of the total magnetic field. The error before calibration was 3459.71 nT, confirming a significant improvement in total B
after calibration compared to before calibration. However, since the requirement of the magnetometer system to be developed
in this study is a accuracy within 50 nT (within 1° ), the calculated error does not meet the requirement. Therefore, the
offset of the calibration parameter was changed and the values before and after calibration were compared again using the
verification program. When the offset was changed from the original setting of several thousand nT to several tens of nT, the
error was found to be 0.10 nT, which is within the requirement. This confirmed that the calibration accuracy varies greatly
depending on the parameter range.

In this session, the results of continuous measurements of fluxgate magnetometers and optical pumping magnetometers
and the evaluation of the accuracy of the calibration program will be presented.
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