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Spacecraft anomaly detection method based on regression analysis
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Abstract: Aiming at a typical fault case of a spacecraft power supply temperature control system, an anomaly detection
method based on Pearson correlation coefficient regression analysis is proposed. Firstly, the feature extraction of relevant
telemetry data is carried out. Secondly, the normal telemetry data are fitted and modeled, and the subsequent telemetry data are
detected by the model. Finally, the regression analysis method based on Pearson correlation coefficient is used to simulate the
measured data. The results show that the method can quickly extract the abnormal phase from the multi-dimensional telemetry
data for unknown spacecraft anomalies, it can be applied to other spacecraft.
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Fig. 1 Main telemetry curve during the in-track fault process

2.1 FFE%EER

R T R DEHE AR R, AR SCIE H B IR AR OC R BN ST RS E U T i R i SR R 5
FHC 40 DR SHGHA TR, St SCIefiE, Were T SAUR ARSI R S B DG AIE AL &
Hidth A, B ZHBYFEHLHLE . SRR AL B FEHLL . i(ﬁH%‘Flﬁ*)i‘imf“&@lﬁj]m%%nf“ﬂiﬁ"f%ﬁlﬁﬁ?%ﬁ”’“
e, AREIOESRL I IE R R AR RSB AR SE R B AT FE Z B, AR RS B S
I, REIZSEE AR E &k 2

mE 1 PR, FTUERIEFERER 7 4~ A28 S5 IS LA R E *Hﬂé%ﬁﬂ]ifﬁL 0.8, MK
AR RGUER BT, AN A ENSEEATERNCR, ENZRIROCR AR EIEM; SRS,
W 2 fizw, AHCHRBCH I T U1 AR L, R, ACSEE AT DL [ UH 3 Brs E’Ezyilﬂﬁﬁmfﬁ”’}iwﬁﬁﬁfﬂlo

% 1 IE%JRZ Pearson #8% M
Table 1 Normal-state Pearson correlations

coef Ay A As Ay As As B, B,
A 1 0.96 —0.96 —0.96 —0.97 -0.92 -0.98 -0.98
A, 0.96 1 —0.85 -1 —-0.99 —-0.98 —0.99 -0.97
A; —0.965 —0.85 1 0.86 0.88 0.8 0.89 0.92
Ay —-0.962 -0.99 0.86 1 0.99 0.97 0.99 0.98
As -0.973 -0.99 0.88 0.973 1 0.97 0.996 0.99
Ag -0.92 —-0.98 0.8 0.975 0.97 1 0.98 0.95
By -0.977 -0.99 0.89 0.99 0.99 0.97 1 0.99

B, —0.982 -0.97 0.92 0.979 0.99 0.95 0.99 1
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Table 2 Abnormal-state Pearson correlations

coef Ay A A Ay As Ag B, B,
A 1 0.99 0.99 0.99 0.41 0.83 -0.41 1
A 0.99 1 0.99 0.99 0.39 0.83 -0.4 0.99
As 0.99 0.99 1 0.99 0.36 0.82 -0.39 0.99
Ay 0.99 0.99 0.99 1 0.38 0.82 -0.39 0.99
As 0.41 0.39 0.36 0.39 1 0.45 -0.64 0.41
Ag 0.83 0.83 0.82 0.82 0.44 1 —-0.11 0.83
B, -0.41 -0.4 -0.39 -0.41 -0.64 -0.11 1 -0.41
B, -0.28 -0.26 -0.24 -0.26 -0.86 -0.24 0.66 1
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Table 3 The regression coefficients
Bo 4 4, 4s Ay As As B,
1EH 9.1339 -0.074 8 0.0233 —-0.004 7 0.0393 0.0199 0.183 —0.387
R 16.946 0.0554 -0.5323 —0.420 2 —-0.002 9 0.001 56 0.386 4 0.488 9

Y =9.134-0.075x X, +0.023x X, —0.005x X5 +0.023 x X, +0.039 x X5 +0.02 x X, +0.183 x X, (10)
Y =16.946—0.055x X, —0.532x X, —0.42x X5 —0.0029x X, +0.001 6x X5 +0.386x X, +0.489x X, (11)
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PR GRS R, p > [ WA 0,007, SERIRIE G, MIRZRATEE, SRR BRI A
PEREH 0.779, BEHTZ IR RIEERLS, p > || MDA 0, BEMIMI R, MIHLRTHE.
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Table 4 OLS regression results

Coefi Std, P>l Coefy Std, P>t

const 9.1339 3.351 0.007 16.945 7 0.794 0
X, —0.074 8 0.009 0 0.0555 0.032 0.080
X, 0.023 3 0.003 0 -0.5324 0.597 0.373
X5 —0.004 7 0.002 0.014 -0.4202 1.007 0.677

Xy 0.0394 0.002 0 —0.002 9 0 0
Xs 0.02 0.003 0 0.001 6 0.001 0.014
X 1.1833 0.119 0 0.386 4 0.547 0.481
X7 —0.3874 0.134 0.004 0.488 9 0.507 0.336

R—squared 0.993 0.779
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