R011-23
CR1% . 11725 AM2 (11:05-12:35)
12:05~12:20:00

BAAH=1—FFy FT—IEAVEATHERESEEBRIES X7 LD
% ¢SS AVBBORA

#THEF AN D, A FET Y, FOR KRB D, B fHER 2, TER IR D, B #F ), WA 2 3, ek fkrs b

N TR, @ FrER, O FHiiZentsein 5

Development of an Automatic Detection System for Spacecraft Surface Charging
Using CNNs and Investigation of Plasma Environment

#HAYATO MASUNO'), Mariko TERAMOTO", Daichi ARAKIY), Yusuke Iida?), Akitoshi Hanazawa'), Teppei Okumura®),
Hiroyuki Okamoto®), Kentaro KITAMURA)

(IKyushu Institute of Technology, (*Nigata University, (JAXA

Spacecraft surface charging is a critical issue in space development. In particular, during missions such as debris removal
and on-orbit servicing, discharges caused by potential differences between a spacecraft and its target can cause severe damage
to systems and instruments. Therefore, clarifying the mechanisms of charging and establishing technologies for its prediction
and detection are strongly required.

Previous studies have indicated that surface charging in low Earth orbit mainly depends on high-energy auroral electrons
and the surrounding ionospheric plasma density. Gussenhoven, (JGR, 1985) defined the following conditions as indicators
of charging: (1) precipitating electron flux (>14 keV) exceeding 108 eV ¢cm-2 s-1 sr-1 V-1, (2) ionospheric plasma density
below 10 * cm-3, and (3) occurrence on the nightside. However, in practice, the conditions for surface charging differ
among studies and have not been consistently defined. For example, some focus solely on auroral electron flux (Meng et al.,
IEEE, 2017; Enengl et al., IEEE, 2023), whereas others emphasize the role of ionospheric plasma density (Anderson, JGR,
2012; Yeh and Gussenhoven, JGR, 1985). Thus, the plasma conditions leading to spacecraft charging at ionospheric altitudes
remain unclear. To deepen our understanding of the charging environment, it is necessary to develop detection techniques
that are independent of fixed threshold conditions, thereby improving both accuracy and coverage.

As an indirect observational method of surface charging, auroral ion sensor data onboard satellites can be used (e.g., An-
derson, JGR, 2012). During charging, a characteristic ion-line structure appears in the energy — time (ET) spectrogram,
formed when ionospheric ions are accelerated by the spacecraft potential and enter the sensor with energies corresponding
to the charging voltage. Although this feature is an effective indicator, previous studies relied heavily on visual inspection,
making statistical detection difficult.

In this study, we developed an automatic detection system for surface charging using a convolutional neural network (CNN)
applied to precipitating ion flux data from the SSJ/5 instrument onboard the DMSP-F16 satellite (altitude 830 km) during
2009 - 2019. First, 1,147 charging events were visually identified based on ion-line structures, and data augmentation was
performed by adding noise. A total of 11,256 charging cases and 12,312 non-charging cases were prepared, with 70% used
for training and 30% for validation. The CNN achieved 99.6% accuracy and = 0.015 loss for both datasets, demonstrating
highly accurate automatic detection of charging events.

Applying the trained model to the full 11-year DMSP-F16 dataset yielded 1,663 charging events. Comparison with de-
tections based on the criteria of Gussenhoven( JGR 1985) showed that 24% of the total events had been overlooked by the
conventional method but were newly detected by our CNN model. Analysis of the detected events revealed that charging was
concentrated between 17:00 and 03:00 magnetic local time, with strong charging (>100 V) frequently occurring in the pre-
midnight sector. Approximately 90% of the events coincided with monoenergetic electron fluxes associated with inverted-V
aurora, indicating consistency between spacecraft charging processes and inverted-V formation. Moreover, the occurrence
frequency increased during solar minimum, in agreement with previous results (Anderson, JGR, 2012).

We further investigated the relationship among charging events, auroral electrons, and ionospheric plasma density using
SSIES data. More than 90% of detected events occurred under densities below 10 * cm-3, consistent with earlier findings
(e.g., Gussenhoven, 1985). According to Enengl et al. (IEEE, 2023), auroral electrons associated with charging typically
exhibit mean energies >4 — 5 keV and integrated energy fluxes >2 X 10" eV cm-2 s-1 sr-1. However, our results indi-
cate that the electron conditions vary depending on plasma density. For charging above 100 V at densities around 10° c¢m-3,
electrons exhibited integrated fluxes > 10 eV em-2 s-1 sr-1 with mean energies near 10 keV. In contrast, at densities near
10> cm-3, charging was triggered by lower fluxes (>3 X 10" eV cm-2 s-1 sr-1) and lower energies (6 — 8 keV). These
findings suggest that ionospheric ion currents play a suppressive role in spacecraft charging.

In conclusion, this study demonstrates that CNN-based automatic detection enables more accurate and comprehensive iden-
tification of surface charging events compared to conventional criteria. Furthermore, by considering both auroral electron flux
characteristics and ionospheric plasma density, our results suggest the potential to redefine spacecraft charging conditions,
including the threshold charging potential itself.
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