0254-6124/2023/43(4)-0786-07  Chin. J. Space Sci.  ZRAFFIR

JIANG Gaixin, LIU Yurong. Satellite Telemetry Parameter Prediction Based on Improved Combinatorial Machine Learning (in Chinese). Chinese

Journal of Space Science, 2023, 43(4): 786-792. DOI:10.11728/cjss2023.04.2022-0057

EFyitEEIEZIN I EENSHH

N > 12 D 1
2 W H x| E %
(P EREEREE R mE2E TG dET 100190)

2P EREARERY: JEET 100049)

8 FE WEH RS IR TR AT LR SRR TR AR LS T BN A TR TR E
SRV AR, W TESERNSAE | PREEL i TAE W U, £ B R AN HA I B 5 BA ZFh
AR ACARAE 2 T S B TURS i B2 NS A TR] 8, AR SCH | AXTE NS 800 SiA 3 B E I R Z Ve A i, 4R T
FEF UG A WL ) W TR, 2 AR R 4 SR A TR AR SR AR TR 43 1 SR EBGE ) S 5505 51 1) R F R R R AS
LB SR E, FR AR B LRI 2 4 S R SCEOC &R, $20 T TURG . AU AT DR A3t A 7
AN X TN LE R, AE DR BRI T 2 A . 7ERE 1R BRI BRIt [ 7 51 A T BdE 4
RSUE T A SO R R

KRR DEENSE, W, PLesesd, EE b

FEDES V5573

Satellite Telemetry Parameter Prediction Based on

Improved Combinatorial Machine Learning

JIANG Gaixin'?  LIU Yurong'

1(National Space Science Center, Chinese Academy of Sciences, Beijing 100190)

2(University of Chinese Academy of Sciences, Beijing 100049)

Abstract The monitoring, analysis and anomaly detection of the operational status of satellites in or-
bit are important contents of satellite operational management. It is very necessary to predict the chang-
ing trend of satellite telemetry parameter data series for detecting, dealing with satellite anomalies and
ensuring the safe operation of satellites. Aiming at the problem that the current prediction research is
not accurate enough for telemetry parameters with insignificant periodicity and multiple changing char-
acteristics, this paper introduces covariates that are helpful for telemetry parameter sequence prediction,

and proposes a prediction model based on improved combined machine learning, using the global model
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and the local model to obtain the trend characteristics and local irregular fluctuation characteristics of

the telemetry parameter sequence respectively, and the improved Attention mechanism is used to cap-

ture the correlation between multi-dimensional parameters to improve the prediction accuracy. At the

same time, this model can provide point prediction and interval prediction results for the telemetry data

sequence, providing more input for the decision-making of on-orbit satellite disposal. The validity of the

proposed method is verified on the real telemetry data set of scientific satellites and the public time se-

ries data sets.
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Table 1  Statistics of all datasets
Hnde e FEAR CRFEER/min HUEIH
Satellite 4 55156 0.5 float
Solar energy 2 52560 5 float
Electricity 2 105215 15 float

* https://www.nrel.gov /grid /solar-power-data.html
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Table 2 Each dataset corresponds to

the MAPE of algorithms

Model Solar energy Electricity Satellite
ARIMA 0.141394 0.364261 0.43033
SVR 0.245441 0.458509 0.46821
GPR 0.126012 0.468745 0.44977
LSTM 0.121016 0.252913 0.32426
Our Model 0.110150 0.145592 0.17361

*3 BRIREXNEIEN PID
Table 3 Each dataset corresponds to

the PID of algorithms

Model Solar energy Electricity Satellite
VAR 0.36534 0.34288 0.45087
RVM 0.33673 0.32538 0.39721
GPR 0.42383 0.40293 0.42032
AR 0.31160 0.23165 0.20249

53 AR AR IT 5] 1) 4y B AR O AR ) 3RS R 0 3 3
PEFFIE, 280w il & W s 4 s 1 @ MKkl 1 i
I AER 23 MAPE 845 AH L LSTM FRET 0.1, BEH
FEIMA T A AR AL 2 05 A5 BUS, R R i EE 4
RS B A AL E A Attention, FRAS T AR & XF
TN B AR5 05 AR, DT B i T B oA 2
TENTPEARAE b, ABERUAE LA TLAS A US T
AP R, L HJETE Electricity 264 I RR,
AHLE Solar energy £Hs AEAHXT Wi, AT LIS ) A Asi Al
A A G558 5t TR SR A A e ) B 2, SRR L
A BB

HH 3% 3 ATLAFA Hh, AR SCHE H A B AR X T oA L
NIRRT AR A5 R, 7E IR AT B AR
B PR ECHEA TR TN 25 2 S5, B 7R ZRAS 45 v IX 1) 7 5
NG LT S RNV 55 T, 4R T DX R T Ay )
M

2 LRI DA Y, AR A s 00 0 DX [] P00 A Lt
HA AR H AT T A 25 %, JoH 2 FE Electrici-
ty BE g b, X i T R AR 2 A\ L B AL
ALK, BIEFIITEA L Solar Energy BG4 5N
AN G, RTHIAS S L RS RS i A R P AN I ik
EE e L R T

791

®4 HMIBER

Table 4 Results of ablation experiment
MAPE PID
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