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Field-Aligned Currents (FACs), which connect the Earth’s magnetosphere and ionosphere, form large-scale current systems
in response to solar wind variability and play a crucial role in understanding the magnetosphere — ionosphere (M-I) coupling
process. In particular, the spatial distribution and temporal evolution of high-latitude FACs are essential for understanding
magnetospheric dynamics and for space weather forecasting. However, traditional statistical models and empirical recon-
structions (e.g., Weimer, 2001) are based on averaged FAC structures and are limited in their ability to capture the diversity
of observed current patterns and nonlinear state transitions.

Recently, Kunduri et al. (2020) demonstrated that deep learning models can be used to predict future distributions of FACs
by treating AMPERE FAC maps as time-series image data. Their results suggest that FAC structures tend to evolve in tem-
porally and spatially ordered patterns, which indicates the potential usefulness of unsupervised machine learning approaches
for extracting typical current structures and classifying dynamic states.

In this study, we apply principal component analysis (PCA) and k-means clustering to global FAC maps obtained every 10
minutes from the AMPERE (Active Magnetosphere and Planetary Electrodynamics Response Experiment) project using the
Iridium satellite constellation. The objective is to extract representative spatial patterns of high-latitude FACs in a data-driven
manner. We are currently conducting data preprocessing and initial clustering analysis, and the results will be presented at
the conference.
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