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Abstract To improve the accuracy of TLE (Two Line Elements) in orbit prediction and solve the
problem of traditional polynomial fitting and physical modeling methods being difficult to handle the
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nonlinear evolution trend of orbits, a high-precision TLE orbit parameter fitting method based on Long
Short Term Memory (LSTM) network is proposed. TLEs are widely applied in orbit prediction and
space situational awareness because of their simplicity and accessibility, yet their accuracy deteriorates
quickly when propagated forward due to perturbations such as atmospheric drag, solar activity, and
Earth’s nonspherical gravity field. Therefore, developing a data-driven strategy that can capture the hid-
den dynamics and extend the validity of TLE prediction has significant practical value. Historical TLE
data is used for high-precision time series fitting and orbit synthesis of orbit elements. LSTM neural net-
work is used to model the time series of TLE orbit parameters, and a mixed modeling strategy is formed
by combining polynomial fitting. Based on the TLE data of 87 Iridium 33 fragments, a fitting model was
constructed and a synthetic TLE was generated using SGP4 (Simplified General Perturbations 4) propa-
gator to propagate position error in the forward direction. The experimental results show that the pro-
portion of the target for improving the position error of 81 fragments in the synthesized TLE propaga-
tion for 7 days during the conventional period is 65.43%~88.89%, and the error distribution is more con-
centrated and stable. The proportion of the target for improving the position error of the synthesized
TLE propagation of 65 fragments during a geomagnetic storm for 3 days is 70.77%~80.00%, and the er-
ror fluctuation range is lower than that of the original TLE. The TLE orbital synthesis method based on
LSTM performs excellently in capturing the nonlinear evolution of orbital parameters. By combining an-

gle linearization and smooth filtering strategies, the accuracy and stability of orbital parameter fitting
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are improved.
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.00038843 00000-0 11860-1 0 9997
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118.3128 241.9433 14.41617791 82192 0
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Table 1 TLE data training set
NORAD ID Satname Apogee/km Perigee/km Inclination/(°) Period /min
33773 IRIDIUM33 DEB 757 742 86.40 99.82
33775 IRIDIUM33 DEB 765 ey 86.37 99.95
40996 IRIDIUM33 DEB 627 607 86.35 97.04
46965 IRIDIUM33 DEB 713 683 86.33 98.73

* https://www.space-track.org/
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Satellite TLE data
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Fig. 1  Stitching effect of NORAD ID 33773 before and after adjustment
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Satellite orbit parameter prediction methodology
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