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Tab. 2 Comparison of mean absolute error of temperature prediction with different sampling resolutions

BMEEAR SR R, AR/ C NGRS PR R, =100X100)  FIgaxHE2E/C GNGRAS IR R, =HIMEARSHR R,

100 X100 2.330 622 474 352 51 2.330 622 474 352 51
50X50 2.844 174 230 556 08 3.105 430 910 984 675
33X33 2.895 557 212 798 21 3.055 579 711 993 535 5
25X25 3.097 636 050 862 99 3.341 281 761 725 743 8
10X10 3.561 276 719 069 54 3.727 368 901 173 273 6
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Tab. 3 Comparison of mean absolute error of temperature prediction with different interpolation data

ETT % TR R 52/ C
e i {8 26 100.840 413 411 457
O-4fi & 97.077 433 268 229 17
2 () 24 {8 12 2.799 791 892 369 588 4
2 ) H - H ks B H I 4 2.330 513 666 073 481
723 (1) 4 (8 -2 0 A O 47 1 2.405 933 494 369 189
23 [ 5908 - = R 45 0 4 18 2.608 033 984 899 521
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Tab. 4 Comparison of mean absolute error of temperature data predicted by different interpolation methods

B By 4t iR 2% /°C T xR 2/ C MY bR 2%/ °C
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BP #f 25 ] 45 [20] 3.466 653 763 224 033 3.548 782 280 703 350 4 3.736 373 701 415 625
2R P [l g L2 3.220 636 351 873 346 3.359 225 485 925 185 8 3.504 985 656 065 475
SVR & i 4% 22 3.009 830 989 862 728 3.396 101 197 171 274 3.586 676 798 137 679
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4 —|:|'l»l$ %Etﬁ

Bt Xk 24 iy e SRR B ot O ™ B L A AR 0 R 3 R A A )AL AR SO T — AR R T R R T
P B SRR A TN k3% SR T TR R 55 A IR SRRSO I ) BOHE R AT A B JEURR e O B L 2 R SR U
FL R R BT R AT R B DI 2R T 7 45 R 3 B Rk A A B TORS BE S e A PO R R Rk
AT RLTE K 22 28 9 0 T M T AR 8 v R A 0 LA 5 ) S Bk IO P 1 L. AR SCRe P 114 52 6 Al A 3 A Al
rh i UL S 0 PR A e R BB A SO TR B W A 0 Y 0 SRS DA B Ok R SRR A O T Y 3
FHAE RS 25 02 R e T A A4 227 1]

Z % x W

[1] MOGHIMI B,SAFIKHANI A,KAMGA C,et al.Short-term prediction of signal cycle on an arterial with actuated-uncoordinated control
using sparse time series models[ J].IEEE Transactions on Intelligent Transportation Systems,2019,20(8) :2976-2985.

[2] PEREIRA P,ARAUJO J, MACIEL P.A hybrid mechanism of horizontal auto-scaling based on thresholds and time series[ C]//2019
IEEE International Conference on Systems,Man and Cybernetics(SMC).[S.1.]:1EEE,2019.

[3] ALIZADEH M.RAHIMI S,MA J F.A hybrid ARIMA-WNN approach to model vehicle operating behavior and detect unhealthy states
[JJ.Expert Systems with Applications,2022,194:116515.

(4]  Z%F.& K E2WT SRR L CTAO-LSTM M 45 i I Fr B A R (1] 3+ 5000 TR 5 8 1. 2020, 56 (11) : 129-134.
LI C,GAO F,WANG H Q.Improved fruit fly optimization algorithm for optimizing time series prediction model of CIAO-LSTM network
[J].Computer Engineering and Applications,2020,56(11) :129-134.

(5]  Egse SRPks, BRI S5 J N B0 AL B0 30 25 H 38 00 A7 SR s WF X L) 13 HBEALRL 2, 2020,47 (1) 1 122-127.
WANG X L,NIE T Z,TANG X R, et al.Study on dynamic adaptive caching strategy for streaming data processing[ ] ].Computer Science,
2020,47(11) .122-127.

(6]  SAGR. FFHAIET BP 2 5 2% i B /28 KU e S 10l (0 SEPLD 7. 201936 (3) - 239-242.
GUO Y R,WANG X L.Stock market style rotation prediction based on BP nerve network[ J].Computer Simulation,2019,36(3) :239-242.

(7] W23 SCRIET WM LSTM BB RG] H PR 2% .2019.,46(10) :84-89.
ZENG A,NIE W ].Stock Recommendation System Based on Deep Bidirectional LSTM[J].Computer Science,2019,46(10) ;84-89.

[8] WANG T,LEUNG H.ZHAO J,et al.Multiseries Featural LSTM for Partial Periodic Time-Series Prediction: A Case Study for Steel In-
dustry[ J].IEEE Transactions on Instrumentation and Measurement,2020,69(9) :5994-6003.

[9] PETROU Z I, TIAN Y.Prediction of Sea Ice Motion With Convolutional Long Short-Term Memory Networks[ ] |.IEEE Transactions on
Geoscience and Remote Sensing,2019,57(9) :6865-6876.

[10] WANG W,LIU W,CHEN H.Information Granules-Based BP Neural Network for Long-Term Prediction of Time Series[ ] ].IEEE Trans-
actions on Fuzzy Systems,2021,29(10):2975-2987.

(110 2, 52 5w  WRAZ 98 L 4 1 16) 38025 B U5 A0 289 (0406 571 AL AR Pl P A8 e Tl 7 vk [0 ] /N BB ML R 5 2021, 42(10) : 2089-2094,
LUO P,YUAN J L,CHEN M C,et al. Mean Penalty Random Forest Nonstationary Time Series Prediction Method for TeachingResourc-
es[ J].Journal of Chinese Mini-Micro Computer Systems,2021,42(10) :2089-2094.



%14 B2 F A TR ehab 2 5 7 60 R TR o ok 91

[12] 3kEM k6. Bk FA 4L LSTM A9 FE BUINAE R[] 30 HL T AR 55 81 1. 2022.58(11) : 125-132.

ZHANG Z L,ZHANG Y.Improved FA Opitmizing LSTM Time Series Prediction Model[ ] ]. Computer Engineering and Applications.
2022,58(11):125-132.

[13] DUDEK G.PELKA P.SMYL S.A Hybrid Residual Dilated LSTM and Exponential Smoothing Model for Midterm Electric Load Forecas-
ting[ JJIEEE Transactions on Neural Networks and Learning Systems.2022,33(7) :2879-2891.

[14] BV B A0 A5 HLae s > 0 S8 R A Ao 00 b Ay v TP LT ] R OB 24 41, 2021, 44.(1) 1 26-38.

HE S P.WANG H J.LI H,et al. Machine learning and its potential application to climate prediction[ ] ]. Transactions of Atmospheric Sci-
ences,2021,44(1) :26-38.

[15]  HE/NME AT, A A, 45 Shapley-BOR it 25 N 45 07 1 AE 4R B 6 XU TL R 2= PRI R I 80v 2l 0 o Ay 1o P (D). R4 24 40 2021, 79(2) £ 309-327.
HUANGX Y,HE L,ZHAO H S,et al. Application of Shapley-fuzzy neural network method in long-time rolling forecasting of typhoon
satellite image in South Chinal J].Acta Meteorologica Sinica,2021,79(2):309-327.

(161 A7)0, M Fi &, 45 8 T2 RE AR CNN-LSTM A9t 3 T0 AL S St b B8 5 35 (7). 25 [l Bk 227 41 2022, 42(1) £ 163-169.

YANG X,CUI R F,TIAN C,et al.Linear Spline and CNN-LSTM for Missing Values Imputation of Beidou Satellite Radiation Dose Data
[J].Chinese Journal of Space Science,2022,42(1):163-169.

[17] L1Z,KOVACHKI N,AZIZZADENESHELI K,et al.Fourier neural operator for parametric partial differential equations[ C]//Proc.9th
Int.Conf.Learn.Represent. (ICLR).[S.1.:s.n.].2021.

[18] HUANG D.An Optimized Method for Battery Swapping Demand Prediction based on Random Forest Regression[ C]//2021 IEEE 5th In-
formation Technology,Networking, Electronic and Automation Control Conference(ITNEC).[S.I.]:IEEE,2021.

[197 LIS.LIX.,ZUQOY et al.Prediction of ship fuel consumption based on Elastic network regression model[ C]//2021 8th International Con-
ference on Information,Cybernetics,and Computational Social Systems(ICCSS).[ S.I.]:IEEE,2021.

[20] MENG H H,YIAN L.Short-term prediction of BP neural network based on difference method[C]//2020 19th International Symposium
on Distributed Computing and Applications for Business Engineering and Science( DCABES).[ S.I.]:IEEE,2020.

[21] VIJAYALAKSHMI C,SANGEETH K,JOSPHINELEELA R,et al.Rainfall Prediction using ARIMA and Linear Regression[ C]//2022
International Conference on Computer,Power and Communications(ICCPC).[S.1.]:1IEEE,2022.

[22] ANDRIYANI C,UTAMI E, Al F H.Prediction of Investment Realization Value Using Support Vector Regression(SVR) Methods[ C]//
2021 International Conference on Artificial Intelligence and Computer Science Technology(ICAICST).[S.I.]:1EEE,2021.

[23] LONG Y,SHIX,YANG Y.et al. Exhaust Temperature Margin Prediction Based on Time Series Reconstruction[C]//2021 CAA Sympo-

sium on Fault Detection,Supervision.and Safety for Technical Processes( SAFEPROCESS).[S.I.]:1IEEE,2021.

Prediction method of remote sensing data based on fourier neural operator
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Abstract: Remote sensing of the earth is the main task of meteorological satellites. Due to factors such as cloud cover

and cosmic ray radiation, remote sensing data obtained by meteorological satellites often have a large number of missing and ab-

normal data. Fourier neural operators have the characteristics of high efficiency, high accuracy, and flexible resolution. This pa-

per proposes a remote sensing data prediction algorithm based on Fourier neural operators. The algorithm first fills in the miss-

ing values of remote sensing data using the spatial mean method and Lagrange interpolation method, and then trains the map-

ping relationship of spatial values in the time domain using Fourier neural operators. Finally. the trained model is used to pre-

dict the latest remote sensing data. Simulation experiments based on real remote sensing data of Fengyun-4 remote sensing sat-

ellite show that the method proposed in this paper is more effective than others. Good prediction accuracy can still be main-

tained in long-term time series forecasting.

Keywords: earth remote sensing; time series prediction; long-term prediction; fourier neural operator
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