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Abstract: This paper proposes a support factor-based evidence theory fusion algorithm to address
the limitations and evidence conflicts of a single correlation analysis method in analyzing telemetry
data from nearby space vehicles. Firstly, the Pearson correlation coefficient, Spearman correla-
tion coefficient, and distance correlation coefficient are used to evaluate and analyze the correla-
tion of telemetry data. The results show that the three correlation coefficients complement each
other’s advantages. Secondly, an evidence theory fusion algorithm based on support factors is es-
tablished to achieve the assignment of basic probability assignment functions for evidence con-

flicts, thus avoiding the one-vote veto and composite rule invalidation issues of Dempster-Shafer
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evidence theory (D-S evidence theory). Finally, the Pearson correlation coefficient, Spearman

correlation coefficient, and distance correlation coefficient are used to make evidence and an ex-

periment is conducted to analyze the correlation of telemetry data. The results show that the pro-

posed algorithm can ensure the reasonability of the fusion from the Pearson coefficient, Spearman

coefficient, and distance coefficient. In case of high evidence conflicts, the accuracy of correlation

probability calculation is improved by about 6.55% compared to the evidence theory fusion meth-

od based on compatibility ratio. These findings indicate that the proposed algorithm is more effec-

tive in handling evidence conflict problems.

Keywords: telemetry data; correlation coefficient; conflicting evidence; support factor;
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Fig. 1 Correlation analysis method for telemetry data
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Fig. 2 Telemetry data with Gaussian noise
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Fig. 3 Correlation coefficients under different Gaussian noises
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Table 1 Decreasing rate of correlation coefficients under

different Gaussian noises

HRRECP R
60dB 55dB  50dB  45dB  40dB

Pearson #IC &40 0.0135 0.0554 0.1083 0.1761 0.2367
Spearman H1 ¢ &% 0.0296 0.0956 0.1778 0.2831 0.3530

B A OC R B 0.0475 0.1178 0.2084 0.3045 0.3718
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Fig. 4 Telemetry data with impulse noise
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Fig. 5 Correlation coefficients under different impulse noises
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Table 2 Decreasing rate of correlation coefficients under

different impulse noises

, % RECF R
X
60dB  55dB  50dB  45dB  40dB

Pearson X2 %0 0.0181 0.0559 0.1066 0.1385 0.1689
Spearman AR AL 0.0053 0.0062 0.0076 0.0107 0.0127

BEAXEES 0.0191 0.0292 0.0393 0.0526 0.0804
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Fig. 7 Correlation coefficients under different composite noises
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Table 3 Decreasing rate of correlation coefficients under

different composite noises

- HERBTF R
B 10dB 35dB 30dB  25dB  20dB

Pearson #HCZE0 0.1911 0.3422 0.4703 0.5368 0.6014
Spearman A E 2% 0.1328 0.2315 0.3304 0.3998 0.4503

PEBSMHOCR S 0.1523 0.2666 0.3728 0.4501 0.5132
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Table 5 Correlation evidence and fusion results between air-

craft suspension height and surface temperature
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Fig. 9 Variation process of aircraft suspension height versus

surface temperature
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Table 6 Correlation evidence between aircraft motion

speed and helium temperature
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Table 7 Corrected correlation evidence and fusion results be-

tween aircraft motion speed and helium temperature
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Table 8 Correlation evidence between air temperature and

helium volume
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Table 9 Corrected correlation evidence and fusion results

between air temperature and helium volume
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