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A Machine Learning Model for Predicting Satellite Charging in the Aurora Belt
#Yusuke Umeda),Mariko Teramoto!), Teppei Okumura?),Seiichi Koga?),Nobutaka Tanishima?) Hiroyuki Okamoto®) ,Akitoshi
Hanazawa')

(1Kyushu Institute of Technology, >Tukuba Space Center, Japan Aerospace Exploration Agency

In the auroral zone, electrons accelerated up to several keV can cause surface charging of low-altitude artificial satellites.
JAXA is developing an artificial satellite for debris removal, which requires contact with debris. When the artificial satellite
is surface charged during debris removal and the potential difference between the debris and the artificial satellite is high, a
discharge may occur, which is dangerous. Therefore, if the surface charging status of the artificial satellite can be predicted,
the operation can be stopped, and accidents can be prevented.

The surface charging of low-altitude artificial satellites is caused by auroral electrons (Anderson et al., 2012). Since
auroras occur in response to changes in solar wind, this study uses solar wind data to predict whether a frame of artificial
satellite orbiting in the auroral zone will charge or not using machine learning. In previous studies, auroral prediction has
been conducted using solar wind conditions (Newell et al., 2002; 2014). However, no research has been conducted on
predicting surface charging of artificial satellites in low earth orbit (LEO) from solar wind conditions. Moreover, developing
a prediction model of satellite surface charging in LEO is novel.

In this study, to create a machine learning model for predicting surface charging of artificial satellites, a training dataset
was created using the solar wind OMNI and DMSP (Defense Meteorological Satellite Program) satellite SSJ (Special Sensor
J) data. To create surface charging labels, outlier detection was performed using the DMSP/SSJ data. In addition, only data
where the satellite is located in the auroral zone are included in the data set. It is because surface charging does not occur
when the satellite is not in the auroral zone, which is independent of solar wind parameters. Furthermore, the balance of
data between charging and non-charging events was also considered. Since non-charging events were clearly more abundant
and the dataset was imbalanced, undersampling was performed to adjust the ratio of charging to non-charging data to be
comparable.

We used XGBoost and Transformer and compared their accuracy. In XGBoost, solar wind data was treated as structured
data, while in Transformer solar wind data was treated as time series data. As a result of training with the created dataset,
XGBoost achieved a classification accuracy of 0.88 in AUC (Area Under the Curve), showing very good classification
performance.

From these results, we can develop an effective machine learning model for predicting surface charging of LEO satellites
using solar wind data. This model has the potential to contribute to the safety improvement of the JAXA’s debris removal
satellite under development in the future. Specifically, by predicting the surface charging status of the satellite in advance, it
is expected to minimize the risk of discharge during debris removal work and achieve safe and efficient operation.
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