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Time Variables
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Abstract To obtain precise orbit information of space debris from Two-Line Element (TLE) has al-
ways been a research focus. Due to a lack of understanding of the thermosphere atmosphere, atmospher-
ic drag is the largest source of error in orbit determination, with errors in atmospheric density models
and trajectory coefficients being time-dependent. However, TLE-based orbit determination algorithms
have not taken into account the impact of time-dependent errors, resulting in the inability to further im-
prove orbit prediction accuracy. Therefore, this article introduces a time variable and uses the simplex
optimization search algorithm to solve it together with other orbit parameters, weakening the impact of

time-related errors on orbit accuracy. This article conducted experiments using TLE data and CPF
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(Consolidated Prediction Format) precise ephemeris data from 8 satellites, and the relative accuracy of

orbit prediction considering time variables was improved by 0.11%~78.60%. Therefore, introducing time

variables to weaken errors related to time variables can help improve orbit determination accuracy, and

research results are expected to be applied in fields, such as atmospheric re-entry forecasting, risk assess-

ment, collision warning, etc.
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Table 1 Satellite orbital types and altitude parameters
NORAD PR BLitZEn IHL R /km TEHLAT /km
31698 TERRA SAR X LEO 507 510
39452 SWARM A LEO 444 447
40001 COSMOS 2500 (GLONASS) MEO 19118 19142
41240 JASON 3 LEO 1332 1344
43687 COSMOS 2529 (GLONASS) MEO 19109 19151
46805 COSMOS 2547 (GLONASS) MEO 19113 19147
46808 YAOGAN-30 V LEO 568 571
46984 S6 MICHAEL FREILICH LEO 1332 1344
£ 2 EH TLE HtHIkk LG
Table 2 Eliminating ratio of reference epoch for orbit determination TLE

NORAD JRAETLEN JeEL SHWTLED JoE TLED 7ol = /(%)

31698 29 3 89.65

39452 22 0 100

40001 17 0 100

41240 18 0 100

43687 17 2 88.23

46805 16 0 100

46808 15 2 86.67

46984 31 4 87.09
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Table 3 Comparison of the orbital elements of the target 31698
Bk B’ e i /(°) 2 /) w /() M /(%) nJed?)  EPESRNZEE
TLE 7.5814x10°  2.147x10* 97.4459 10.8697 17.0107 77.2867 15.19153825 21365.87937972
SM 3.1545%10°  1.950x10 * 97.4458 10.8702 17.5800 76.7078 15.19155608 21365.87937972
TSM 3.1551x10 1.950x10* 97.4458 10.8701 16.5589 77.1212 15.19155551 21365.87835189

W BIORHIERE, e FoR 0, (FRPUEBIH, QFRIERNRE, o TFIEA A, MFBRIEHEARE, nFonTFizg).
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Table 4 RMSEs of the satellite orbit prediction
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