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The Earth’s ionosphere extends from an altitude of about 50 - 60 km up to 1000 km. In this region, molecules and
atoms in the neutral atmosphere are partially ionized by ultraviolet radiation and other forms of solar energy, resulting in
the generation of plasma. The ionosphere has a layered structure consisting of the F, E, and D regions, among which the F2
layer, located at around 250 — 400 km altitude, exhibits the highest electron density and strongly influences the propagation
characteristics of long-distance shortwave communication and satellite navigation systems. Because electron density is af-
fected by plasma, it shows diurnal, seasonal, and multi-year variations, while also undergoing irregular fluctuations caused
by geomagnetic disturbances, sporadic E layers, and plasma bubbles. The ionosphere reflects radio waves, and the reflection
frequency and altitude are determined by the vertical distribution of electron density. Therefore, long-term observation and
analysis of electron density in the ionosphere play an important role in the development of communication technologies.

Observation methods for the ionosphere include ionosondes, incoherent scatter (IS) radars, and artificial satellites, each
with its own characteristics. At the MU Observatory, located in Shigaraki, Koka City, Shiga Prefecture, both an ionosonde
and the MU radar— an atmospheric radar designed to observe the middle and upper atmosphere— are installed. The MU radar
also functions as an IS radar, enabling continuous ionospheric observations. At the Shigaraki MU Observatory, ionospheric
monitoring using the ionosonde is routinely conducted alongside MU radar measurements. The ionosonde works by trans-
mitting upward-directed radio waves with varying frequencies from the ground and recording the signals reflected by the
ionosphere. Since the MU radar data alone cannot provide absolute electron density values, calibration using ionospheric
parameters obtained from ionograms observed by the ionosonde is required. However, currently, ionospheric parameters are
not manually extracted from the ionograms at Shigaraki MU Observatory. Furthermore, manually deriving such parameters
from the entire archive of past observations would require enormous time and effort, making it impractical.

To address this issue, this study developed an automatic ionosonde reading system using a machine learning model to
automatically extract the critical frequency of the F2 layer (foF2). The proposed method consists of noise reduction for iono-
grams and machine learning using Mask R-CNN, achieving an accuracy of 95.70% in validation. The automatically extracted
foF2 values spanning 22 years were compared with ionosonde observation data from Kokubunji to validate their reliability.
The comparison with Kokubunji showed a strong correlation with the Shigaraki results, while also revealing the influence of
sporadic E layers on reading accuracy. Furthermore, a comparison with the empirical IRI model was conducted to evaluate
the long-term statistical characteristics at Shigaraki. The comparison with the IRI model confirmed that the overall trend of
electron density variations was consistent, and long-term changes were found to correlate with solar activity.
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