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Abstract

Equatorial plasma bubbles (EPBs) are large-scale ionospheric irregularities that pose significant threats to
satellite-based communication, navigation, and surveillance systems. These depletions in plasma density, triggered by
post-sunset instabilities in the equatorial F-region, lead to trans-ionospheric signal scintillation and degradation. To
address the need for real-time monitoring of such disturbances, this study proposes a deep learning—based method for
the automatic and near-instantaneous detection of EPBs using all-sky airglow imagery. We develop a convolutional
neural network (CNN) trained on deviation images generated from 630.0nm airglow data collected by a
ground-based all-sky imager (ASI). The network is designed to distinguish plasma bubble structures from background
emissions, enabling pixel-level identification without manual labeling or post-processing. A dataset of labeled EPB
events was constructed for training and validation, incorporating various nighttime conditions and geophysical
environments to ensure generalizability. Unlike previous studies that relied on handcrafted features, thresholding, or
offline pipelines, our method enables high-speed inference directly on processed ASI data streams. Evaluation at a
low-latitude ASI observatory shows that the model achieves high precision and recall in detecting EPBs, with average
inference time suitable for real-time applications. The system provides not only binary detection but also spatial
localization of EPB regions, offering a valuable tool for integration into future space weather nowcasting and alert
systems. This work represents an important advancement toward operational, automated EPB monitoring using



optical remote sensing and deep learning techniques. It also lays the foundation for expanding into multi-instrument
integration for improved situational awareness of ionospheric conditions affecting GNSS and communication
reliability.
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