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Proposal of a method for quantitative evaluation of spread F from ionogram im-
ages using machine learning
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The Earth’s ionosphere extends from an altitude of 50 - 60 km to 1,000 km, where atmospheric molecules and atoms of
nitrogen and oxygen contained in the Earth’s atmosphere are partially ionized by radiation energy such as ultraviolet rays
from the sun and exist as plasma. In ionospheric observations, automated scaling of ionograms have advanced, enabling
efficient analysis of electron density and reflection frequencies. However, when ionospheric disturbances such as spread F
occur, the shape of the ionogram becomes complex, making accurate analysis difficult with conventional automated scaling.
Traditionally, the evaluation of spread F has been dependent on researchers’ experience. Attempts to automatically detect
spread F in ionograms from Shigaraki MU Observatory and Chiang Mai, Thailand, led us to recognize that establishing quan-
titative criteria for evaluating its presence and severity is essential to improve the accuracy of automated analysis systems.
In this study, we propose a method for quantitatively evaluating the degree of spread from ionogram images when spread F
occurs. To detect the echo regions corresponding to spread F in the images, we used Mask R-CNN, which excels at object
detection. We calculated features such as area, perimeter, shape ratio, point density, and color distribution for each detected
region, and combined them to score the degree of spread. The scoring function was constructed based on ionogram images
from Shigaraki MU Observatory and Chiang Mai, with the goal of ensuring it can generalize to other observation sites using
only a few sample images. The results of applying the proposed method showed that the detection accuracy of spread F using
the scoring function was consistent with human visual evaluation, and that it was possible to continuously quantify the degree
of spread from mild to severe. This method can be applied to the automation of ionogram analysis and the quantitative eval-
uation of ionospheric disturbances, and it is expected that its generalization performance will be verified through application
to long-term observation data and interregional comparisons in the future.
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