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Statistical analysis of Medium Scale Traveling lonospheric Disturbances over Japan

based on machine learning
#Peng LIU), Tatsuhiro Yokoyamd,Mamoru Yamamot®
(IRISH, Kyoto Univ.(2RISH, Kyoto Univ.

Medium Scale Traveling lonospheric Disturbances (MSTIDs) are observed as wavelike perturbations of electron density
in the ionospheric F region. One typical MSTIDs observation method is detrended Total Electron Content (TEC) map where
TEC is calculated by signal transmission delay via GPS ground receiver network. However, there is still no automatic pro-
cess method for these detrended TEC maps so far which could distinguish MSTIDs from irregular ionospheric disturbances
intelligently, leading to controversy for external dependency (e.g. solar activity) and deficiency for overall analysis of long-
term MSTIDs characteristics variation. Moreover, previous researches always focus on nighttime MSTIDs because daytime
MSTIDs are more difficult to identify. In this work, we propose a cutting edge deep learning instance segmentation model
based on Mask R-CNN model to detect wavelike perturbations automatically with the precision of 81%, then by new Fil-
tering Criterion, we eliminate isolated perturbations and only waveforms of MSTIDs are remained to derive instantaneous
characteristics (e.g. wavelength), finally by new Matching Criterion, matching waveforms between two consecutive frames
are retrieved for derivation of dynamic characteristics (e.g. propagation velocity). With this procedure, we analyze up to
1,209,600 detrended Japanese TEC maps in 1997-2019 automatically and for the first time to figure out instantaneous and
dynamic characteristics of daytime and nighttime MSTIDs every 10 minutes, which provides accurate observation data for the
verification of MSTIDs generation theory. Our research also reveals the external dependency of instantaneous and dynamic
characteristics by monthly and yearly characteristics average in 23 years, especially the seasonal and solar activity composite
dependency of nighttime MSTIDs occurrence rate is confirmed, which has been an academic controversy for a long time.
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