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Abstract

supports scanning in the frequency range from 1 to 30 MHz, with a distance resolution of 1.5 km and a

This study is based on the echo data from the Yinchuan vertical ionosonde. The ionosonde

reception window ranging from 67.5 km to 560.1 km. It utilizes pulse compression technology and en-
codes the transmission signal using Bernoulli mapping sequences, successfully resolving the issue of echo
signal mixture with strong clutter interference in practical detection, thus obtaining Ionograms of high
quality. In order to extract key information of ionosphere from the ionograms, the signal processing prob-
lem is transformed into a semantic segmentation task in computer vision, constructing an original iono-
grams dataset, and undergoing preprocessing such as discretization and manual annotation. By training
a ¢cGAN neural network to analyze the characteristic parameters of each layer’s traces in the ionograms,
the goal of segmenting different traces is achieved. The network is suitable for processing various types of
ionograms under calm conditions, with an accuracy rate of over 95%, effectively saving time in manual
parameter measurement and improving processing efficiency. An improved bottom inversion model of the
International Reference Tonosphere and the NeQuick top model is used to invert the electron density pro-
file above the ionosonde, while the top calculation results are corrected according to the actual measure-
ment data from “CSES-1”. By comparing the total electron content calculated with the data results pub-
licly available from CDDIS, the accuracy of the ionosonde data is verified. On this basis, combined with
the geomagnetic data acquired by the Gaoshaowo magnetometer, the ionosonde successfully observed the
entire process of ionospheric anomalies during the geomagnetic storm on 23-24 April, 2023, and provid-

ed the results of the total electron content changes, offering accurate and reliable observational data for
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exploring the electromagnetic environment changes in western China.
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Magnetic storm observation
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A~C Reinisch and Huang (2000) formulation for intermediate, F, and F, regions

C~D polynomial of degree 2
D~E polynomial of degree 3
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Fig. 5  Theoretical ionospheric electron density inversion curves
® Langmuir — Yinchuan
(a) (b) () (d)
1000
16 Mar. 2023 20 Apr. 2023 20 Apr. 2023 23 Apr. 2023
200 07:51 UT 07:51 UT 08:01 UT 19:11 UT
1
1
1
£ oo} n \ \
=2 509% 5051e 505 (& 507 ‘@
& NN K NN -
'3 400 ARG e S FS=gas =%
S B Bl D
200 / / /
—
0 0

2468101214
Ne/m? (x10')

2468101214
Ne/m? (x10')

2468101214
Ne/m? (x10')

2468101214
Ne/m?* (x10')

T T T T T T T T 1T & W& T T T T T T T
A 7 P A Yinchuan
o 40F . A % v CDDIS 1]
8 hod & Difference
= 30§ X A value
o A
= 20F e o g & - X
10 -
1
0 —0—0——0—0—0—0—0—0—¥ _6—6—0—0—0—0—0O—0—0—0O——a—
00:00  00:04 00:08 00:12  00:16 00:20  00:00 00:04  00:08 00:12 00:16 00:20
20 Apr. 2023 Universal Time (UT) 21 Apr. 2023 Universal Time (UT)
K6 MRl Tk BRI A HAZ . (a)~(d) 28 IR GEHE IE L TR BE I, (e) MG TR H 28 {k

Fig. 6

Electron density profile and diurnal variation of typical ionograms. (a)~(d) modified electron density
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Variations of Kp index (a), total magnetic field value of Gaoshavo flux gate (b),

critical frequency of Fy layer (c), and total electron content(d)

* https://wdc.kugi.kyoto-u.ac.jp/ac_ realtime/index.html
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Fig. 8

Diurnal variation of the ionograms on 23—25 April 2023
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