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Inversion Analysis of GEO Plasma Environmental

Parameters Based on BP Neural Network

ZHANG Haicheng  QUAN Ronghui ZHANG Chengyue

(School of Astronautics, Nanjing University of Aeronautics and Astronautics, Nangjing 211106)

Abstract The surface charging effect induced by the space plasma environment may interfere with
the operation of spacecraft, which can lead to the failure of solar cells and other components. It is shown
that the high-energy plasma environmental parameters can also be obtained by taking the electrical po-
tential curve of the dielectric surface in the GEO environment as input under the assumption of double
Maxwell distribution. Firstly, the influence of GEO plasma environment parameters on the surface
charging potential curve is analyzed, indicating that the high energy peak plays a decisive role in the

charging process. Then, BP neural network is established by MATLAB, and the network training data is

* EHFRARBIFIA T H B (51877111)
2022-03-11 WeE By, 2022-10-11 WENEERG
E-mail: quanrh@nuaa.edu.cn

©The Author(s) 2023. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.11728/cjss2023.01.220311028

K2 4 AT BP AWZMA&E) GEO 5 B T IHRIRBLAM IR 5 79

obtained according to multiple groups of charging curves calculated by COMSOL. Finally, the average

relative error of plasma density and temperature inversion is 0.42% and 0.03%, and respectively, and the

overall relative error is within 0.1%~5.6%. Results showed that it was feasible to use a neural network

to invert the plasma environment, and the method can be used as a reference for comparison of the de-

tection results of the space plasma environment. The inversion results can be used as the input condi-

tions for surface potential calculation of non-detection points of spacecraft.
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Table 1 GEO worst-case environmental parameters

EE TR neafem’  T,/eVo mepfem’  TpfeV o mafem’  Tu/eV o majom”  Tp/eV
SCATHA-Mullenl 0.20 400 2.30 24800 1.60 300 1.30 28200
SCATHA-Mullen2 0.90 600 1.60 25600 1.10 400 1.70 24700
ECSS-E-ST-10-04 C 0.20 400 1.20 27500 0.60 200 1.30 28000
(SCATHA 1979)

NASA Worst Case 1.12 12000 — — 0.236 29500 — —
ATS-6 2.36 29500 - - 0.236 29500 - -
MIL-STD-1809 2.36 3100 0.625 25100 0.60 200 1.20 28000
Galaxy 15 4.58 55600 — — 0.10 75000 — —
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Table 2 Partial plasma environmental parameters

Ko N i) Ne.1/cm 3 T.1/eV Neo/cm 3 Teoo/eV n1/cm 3 T1/eV n9/cm 3 Tio/eV

L 0.20 400 2.3 24800 1.60 300 1.30 28200
52 0.25 450 2.2 25000 1.50 310 1.32 28000
H3 0.30 500 2.1 25200 1.40 320 1.34 27800
Wi 0.35 550 2.0 25400 1.30 330 1.36 27600
781 0.40 600 1.9 25600 1.20 340 1.38 27400

&3 ERoRAIHIE
Table 3 Partial potential data

) /s 0.5 1 1.5 2 2.5 3 3.5 50
CER Al ~7.24 ~14.48 -21.72 ~28.96 -36.21 ~43.44 ~50.66 ~702.24
HL{2 ~6.62 ~13.23 ~19.85 ~26.47 -33.08 ~39.69 ~46.29 ~642.96
L3 -5.96 ~11.92 -17.89 -23.84 -29.79 -35.75 ~41.69 ~580.86
Hifiz4 -5.28 ~10.56 ~15.85 -21.12 ~26.40 -31.68 -36.95 -515.85
HLAZ5 -4.58 -9.15 ~13.72 ~18.30 -22.87 -27.44 -32.01 ~447.92
Tx — Lin
= ﬂcml;x — Ty (10) #F 4 BP REMEELER
2.2.3 {EiEmEBI%ERR Table 4 Inversion results by BP nueral network
BP WM M RE IR A2 SaR . T ST T s fe
By 2 S 2 2 A A R A B CUSEEL 230 om0 130 250
Z ]y e 3 PRACE B L FEXT AL S AR (logsig), it REAERL 222 25025 1315 28090
RS R I R ECE R o 0 s os
(purelin) .
924 WMEFASHIEE B2 1.50 26400 1.46 26600
Y4 BP 12 [ 4 0 B 25 DS S 100, 22 SLIEEAE A2 1.43 26068 1.3579 27103
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AIRHR LM N PER ST AHXRZE /(%) 0.30 0.15 6.80 -2.74
23 REERSHH REFE4 099 27500 1.70 24700
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Table 5 Inversion results by GA-BP neural network
GETEME np/on’  To/eV mp/an’  Ty/eV
SR L 2.30 24800 1.30 28200
BP{H 2.274 24910 1.327 28088
GA-BP{H 2.259 25041 1.319 28071
SR 2 1.50 26400 1.46 26600
BPfH 1.488 26394 1.351 27587
GA-BP{H 1.499 26392 1.433 26908
SRS 1.00 27500 1.70 24700
BPfH 1.018 27467 1.631 25101
GA-BP{H 0.998 27511 1.688 24755
SR A 0.99 27500 1.70 24700
BPfH 1.016 27451 1.658 24920
GA-BP{H 0.981 27404 1.705 24792
SRS 0.73 25600 1.46 26800
BP{H 0.746 25691 1.457 26774
GA-BPfH 0.741 25650 1.459 26753
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Table 6 Inversion results of environmental parameters of SCATHA satellite in 1979

SRTRMGE neg/em” Toa/eV  mep/em’ Tep/eV nifem Ti1/eV no/em ? Tip/eV

WU 0.60 100 0.60 26000 0.62 300 1.30 28000

RS — — 1.03 24885 — — 1.34 27452

WA PRI 0.20 400 1.20 27500 0.60 200 1.30 28000

R S — — 1.78 24335 — — 1.62 25127

®k 7 FTEREBAIHE
Table 7 Selected potential data
BUSR 1 2 3 4 5 6 7 8 9 10
WIRHEAL/V  -4.07 ~4.41 -4.89 -5.21 ~5.57 -6.01 -6.33 -6.70 -6.95 -7.21
WEfAHLAL/V 295.90  -299.31  -306.83  -314.27 -322.63 -327.01 -330.44 -335.73 33810 -341.52
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Fig. 7 Potential curve of SCATHA satellite in 1979
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