EGU21-12703
https://doi.org/10.5194/egusphere-egu21-12703
EGU General Assembly 2021
© Author(s) 2021. This work is distributed under
the Creative Commons Attribution 4.0 License.

Automatic detection of magnetopause and bow shock crossing
signatures in MESSENGER magnetometer data using Convolutional
Neural Networks.
Alexander Lavrukhin1, David Parunakian1, Dmitry Nevskiy1,2, Sahib Julka3, Michael Granitzer3,
Andreas Windisch4, Christian Möstl5, Martin A. Reiss5, Rachel L. Bailey5, and Ute Amerstorfer5
1

M.V.Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics (SINP MSU), Moscow, Russian Federation

2

M.V.Lomonosov Moscow State University, Faculty of Physics, Moscow, Russian Federation

3

University of Passau, Passau, Germany

4

KNOW-CENTER GmbH, Graz, Austria

5

Space Research Institute, Austrian Academy of Sciences, Graz, Austria

During its 2011-2015 lifetime the MESSENGER spacecraft completed more than 4000 orbits around
Mercury, producing vast amounts of information regarding the planetary magnetic field and
magnetospheric processes. During each orbit the spacecraft left and re-entered the Hermean
magnetosphere, giving us information about more than 8000 crossings of the bow shock and the
magnetopause of Mercury's magnetosphere. The information obtained from the magnetometer
data offers the possibility to study in depth the structures of the bow shock and magnetopause
current sheets and their shapes. In this work, we take a step in this direction by automatically
detecting the crossings of bow-shock and magnetopause. To this end, we propose a five-class
problem and train a Convolutional Neural Network based classifier using the magnetometer data.
Our key experimental results indicate that an average precision and recall of at least 87% and 96%
can be achieved on the bow hock and magnetopause crossings by using only a small subset of the
data. We also model the average three-dimensional shape of these boundaries depending on the
external interplanetary magnetic field . Furthermore, we attempt to clarify the dependence of the
two boundary locations on the heliocentric distance of Mercury and on the solar activity cycle
phase. This work may be of particular interest for future Mercury research related to the
BepiColombo spacecraft mission, which will enter Mercury’s orbit around December 2025.
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