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Explainable machine learning of the dark count observed by an Earth-orbiting
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Many satellites orbit the Earth in low Earth orbit (LEO) for purposes such as Earth weather and astronomical observation,
but radiation affecting their electronic circuits and optical components causes malfunctions, which is a major problem. Clari-
fying the causes of sudden temporal variations in the inner belt of Earth radiation will contribute to solving this problem. We
used data from the “Hisaki” space telescope, launched in September 2013, which continuously observed the solar system for
10 years, to detect signals from the Earth’s radiation belt. The orbital altitude is 950 km at perigee and 1,150 km at apogee,
with an orbital inclination of 30° relative to the equator, corresponding to Mcllwain’s L-values of 1.1 - 2.1. Many scientific
satellites observing radiation belts orbit in highly eccentric elliptical orbits, so there are few satellites besides Hisaki that can
continuously observe the inner belt bottom. Hisaki’s extreme ultraviolet spectrograph, EXCEED, consists of a 20 cm off-axis
parabolic mirror, a diffraction grating, and a micro-channel plate (MCP) detector. The spectral region on the MCP is limited
to the center, and dark counts in other regions can be used as a monitor of Earth radiation.

Data analysis revealed several sudden increases in dark count rates equivalent to 2-5 times the normal rate. To prioritize
explainability, the dark count time series was divided into two training data sets and one test data set, and machine learning
was performed using the following two-stage linear multiple regression. First, the satellite’s geographical parameters were
used as explanatory variables to separate periodic and sudden fluctuations, and the results were applied to the test data. Next,
after subtracting the model obtained from the above machine learning from the other training data and test data, we trained
using data from GOES satellites in geostationary orbit (X-rays, magnetometer, protons, electrons) and the SYM-H index,
as well as time-delayed data, as explanatory variables, and applied it to the test data. As a result, we were able to detect
three fluctuations: the time period when the sudden phenomenon occurred in September 2017 and the one and two days prior
to it. Based on conventional knowledge, it is natural to assume that the cause of this phenomenon is that extreme coronal
mass ejections temporarily allow some high-energy particles to penetrate into the inner belt. However, according to SHapley
Additive exPlanations (SHAP) analysis on each data point, we found that the X-ray explanatory variable without time delay
contributed to the fluctuations two days before the sudden phenomenon. This result was unexpected, and it was found that
X-rays may directly affect satellite detectors within a few tens of minutes after a solar flare occurs.
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