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Abstract Pi2 pulsations are irregular ultra-low frequency waves, representing a significant transient

response to the coupling between the magnetosphere and ionosphere. Their occurrence is associated with
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onset of substorms. As a disturbance phenomenon in the Earth’s magnetosphere, the occurrence signal of

Pi2 pulsations is hidden within the observation data of geomagnetic field components. Addressing the in-

creasing amount of observation data, how to efficiently determine whether Pi2 pulsation has occurred in

a segment of geomagnetic field component observational data is the key to build a Pi2 pulsation identifi-

cation model. Based on the time series observation data of the FGM from the Chinese Meridian Project

and One-Dimensional Residual Convolutional Neural Network (1D-ResCNN), this paper establishes an

end-to-end Pi2 pulsation identification model. This model can distinguish whether Pi2 pulsation occurs

in the observation data of a certain geomagnetic field component. Experimental results show that this

model has higher recognition accuracy and lower false positive rate and false negative rate than the

existing Pi2 pulsation machine learning identification model.
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Example of non-Pi2 pulsation event in candidate events (MHT magnetometer data during

00:00 UT—01:00 UT on 24 September 2019)
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* Source: WDC-SILSO, Royal Observatory of Belgium, Brussels. http://www.sidc.be/SILSO/
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Table 4 Experimental results on testing Datasetl and Dataset2 of different models with Decision 1
] 7 /min eI/ (%) HER /(%) TR/ (%) P
FT+MLP!M! 10 95.63, 95.76 1.05, 0.98 52.68, 53.39 0.58, 0.58
20 93.75, 94.04 1.73, 1.69 45.58, 44.35 0.64, 0.65
40 88.41, 88.45 2.77,2.27 58.39, 62.08 0.5, 0.50
DWT+CNN™ 10 95.90, 95.89 0.06, 0.05 62.83, 65.28 0.54, 0.51
20 93.89, 94.33 0.11, 0.18 58.26, 55.12 0.58, 0.61
40 92.43, 91.59 0.69, 0.21 44.10, 53.07 0.70, 0.63
1D-ResCNN (A1) 10 97.84, 97.86 0.83, 0.96 21.64, 19.80 0.82, 0.82
20 96.89, 97.13 1.41,1.23 17.85, 17.70 0.85, 0.85
40 95.71, 95.82 1.85, 1.82 17.21, 16.98 0.86, 0.86
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Table 5 Experimental results on testing Dataset]l and Dataset2 of different models with Decision2
sl % H4EE /min L 5 W% /(%) B/ (%) TR/ (%) Fi{H
FT-+MLP" 10 0.29, 0.25 95.24, 95.25 2.43, 2.67 38.72, 36.10 0.62, 0.63
20 0.33, 0.31 93.52, 93.55 3.25, 3.65 34.48, 31.63 0.68, 0.68
40 0.29, 0.27 86.80, 87.19 8.38, 7.91 38.81, 39.51 0.60, 0.59
DWT+CNN™ 10 0.27, 0.27 96.98, 97.13 1.89, 1.53 19.39, 23.02 0.77, 0.77
20 0.27, 0.28 96.09, 94.33 2.00, 2.20 20.53, 21.55 0.81, 0.79
40 0.29, 0.27 93.55, 94.10 3.78, 3.22 20.61, 20.53 0.80, 0.81
1D-ResCNN 10 0.38, 0.43 97.77, 97.84 1.25, 1.17 16.41, 17.17 0.83, 0.83
(R3CT5%) 20 0.40, 0.38 96.81, 97.06 1.87, 1.76 14.65, 13.62 0.85, 0.85
40 0.42, 0.35 95.73, 95.76 2.26, 2.74 14.98, 12.43 0.86, 0.86
x6 ARBHENEREERERSHER
Table 6 Basic information and samples distribution of different stations
s ) —— PlES S : : BEgE : : A ‘
IEFEA FREA IEFEA FREA IEFEA FREA
Tl (QZT) (16°48’ | 182°0" ) 1845 9772 748 4231 5944 31784
fRBAYS (SYT) (23°54' , 183°55" ) 1611 12929 675 5557 5190 41070
gL (MLS) (29°25' | 191°21" ) 1522 12388 630 5282 3710 30634
A%yl (NAT) (39°0", 198°5") 1923 14381 859 6129 5252 38020
xR 7 AREBHNREREIER
Table 7 Experimental results on testing datasets of stations at different latitudes

BUAFR (iht) HERR /(%) R/ (%) R/ (%) FifE

itk (QZT) 90.73 8.64 12.63 0.75

BRBAEG (SYT) 95.81 1.77 23.35 0.80

iz il (MLS) 95.86 1.96 22.16 0.80

et (NAT) 95.76 1.88 21.27 0.82
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