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Automatic Ionogram Scaling in East and Southeast Asia Based on Machine Learn-
ing
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The Earth’s ionosphere is a region where a portion of the Earth’s atmosphere is ionized into electrons and ions by sunlight.
Various ionospheric anomalies and space weather phenomena in ionosphere can cause radio communication scintillation,
satellite signal fluctuations, and larger positioning errors. The most widely used ionospheric observation equipment in the
world is the ionosonde. It transmits pulse signals ranging from low to high frequencies vertically then obtains an image called
ionogram (Figure b), which records the frequency and virtual height of ionospheric echoes. By scaling various parameters
from the ionogram, the electron density distribution in the ionosphere (Figure c) can be derived.

There are approximately 200 ionosondes worldwide, and their distribution in East and Southeast Asia is shown in Figure
a. However, considering the ionogram formats of different ionosondes differ, a general intelligent processing system for
ionograms is in high demand. Leveraging the recent progresses in artificial intelligence, this research aims to develop a new
method for intelligently scaling ionograms based on instance segmentation technology.

The proposed method consists of five steps: 1), denoising the raw data; 2) creating labeled images and training the machine
learning model; 3) automatically processing ionograms in east/southeast Asia by referencing the trained model; 4) restoring
the coordinate system transformation from images to ionogram; 5) statistically analyzing the ionospheric disturbance phe-
nomena and improving the IRI model accuracy. This research is crucial for industrial applications, such as improving the
quality of GPS positioning and radio communications, as well as improving the accuracy of the IRT model.
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