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Improvement of an automated detection method and study of statistical charac-
teristics of the sporadic E layer using the method
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The Sporadic E (Es) layer is an ionospheric phenomenon having extremely increased electron density that frequently oc-
curs at altitudes around 100 km in mid-latitude regions during summer. The enhanced electron density increases the critical
frequency, causing radio waves in VHF frequency band, that normally penetrates through the ionosphere, to be reflected,
resulting in anomalous propagation over long distances. As one of the fundamental features of the Es layers, it has often been
reported that many of them have a two-dimensional frontal structure.

Radio waves for aeronautical navigation operative in VHF frequency band are reflected by the Es layer. In order to establish
automated detection methods, it is required to evaluate the impact of anomalous long-range propagation on aircraft onboard
equipment. In addition, the use of automated detection methods facilitates statistical studies using large amounts of data and
is expected to be useful in predicting the occurrence of the Es layer in the future. However, no automated detection method
has been established to date.

Therefore, we developed a method that employs the Hough transform and automatically detects frontal structures of the
Es layer as a line-segment using a computer by inputting a ROTI map. The detection period was set to 00:00-06:00 UT on
120-240 days of year in 2019-2022. If two line-segments which have similar orientations were detected within 15 minutes,
the velocity was also calculated using the displacement in the normal direction.

The results of the detection showed that inputting data within the divided areas led to output more consistent with visual
detection than inputting data from the entire region (i.e., all Japan area). However, in some cases where multiple Es layers
appeared in the area targeted for detection, the visual judgment and the detection results did not match. In the velocity calcu-
lations, north-south propagation was calculated more frequently than east-west propagation.

The detection within the divided areas made it possible to detect each of the two Es layers occurred in the entire Japan at
the same time, and thus the detection results were close to visual judgment. On the other hand, since the method proposed in
this study detects the Es layers as a single line-segment, it is still difficult to deal with the occurrence of multiple Es layers
at one part within the divided areas. To solve this problem, it is necessary to select areas that does not contain multiple Es
layers, but since the phenomenon is sporadic, manual selection of areas should have limitations. As for the velocity results,
the distribution of ROTI data points in some areas are extended more in the east-west direction, and the line-segments tended
to elongate more in the east-west direction, resulting in an increase in the number of calculated velocities in the north-south
direction, which is the normal direction of the line-segment. In the area around Okinawa, movements of GPS satellites should
have a huge impact on the calculation due to the small number of ROTI data points. In the presentation, we compare the
motional characteristics of the Es layer in comparison with similar statistics based on manual estimation of the velocity.
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