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TLE Prediction Accuracy Improvement and its

Application in Collision Warning
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Abstract Two Line Elements (TLE) is the only publicly available and most complete data sets of

Earth orbit objects. The prediction accuracy with SGP4/SDP4 is limited. The TLE+SGP4/SDP4

prediction error sources and improvement method with historical TLE data were analyzed. A pseudo-

observation data generation method was introduced. The fitting period of TLE data and the value

of Δt used in generating pseudo-observation are dependent on the orbital altitude. An effective area-

to-mass ratio (A/M) determination method was obtained. GPS satellites prediction error in case of

η estimated or not are also tested. The improved prediction accuracy is prominent in the application

of US and Russian satellites collide event. Objects were selected and their orbit were predicted with

an improved TLE-numerical method. The statistical results show that the TLE prediction accuracy

is greatly improved. The application of the improved TLE and possible problems were also discussed.
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Fig. 1 TLE prediction error components
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S 1 TUVWXYZ[\]^_
Table 1 Main parameters of selected satellites

\b Z[�^ \�c��/km `�c��/km ]\] ���/(m2·kg−1)

TG-1 37820 353 360 < 0.002 000 0.004 14

Ajisai 16908 1479 1497 < 0.001 200 0.005 30

Yaogan-4 33446 635 657 0.001 805 d_

Yaogan-5 33446 419 431 0.000 790 d_

.?$��_3,#+*D 3(a)GE. 7D 3(a)?>
^@, 3+ ' 37820, 1 d 0 2 d ;)8=QS)%
-.?5%4],,(+ 3 d"QS)%-.?,J*
?@�*2#', ,];)8=E$M"P)8, !
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*?. /Y, _&!# TLE ��QS";)$$W
] 1 d 0 2 d �)Y".
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R TLE��;)8="\`, %- .`a*(. 3
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Fig. 3 37820 (a) and 16908 (b) prediction error with different fitting period
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Fig. 4 37820 prediction error with different fitting period in case of A/M known
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. (b) � (a) �bha�
Fig. 5 37820 prediction error with different fitting period in case of A/M unknown. (b) is a partial enlargement of (a)
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Fig. 6 16908 prediction error with different fitting period in case of A/M unknown. (b) is a partial enlargement of (a)
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Fig. 7 Yaogan-4 (a) and Yaogan-5 (a) prediction error with different fitting period
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D 8(b) L@�PN3/32"%-.?. fD 8(b)

?>^@, G: Δt 328$#+"%-.?Z+
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Q5GV, WWD: Δt )38$#+:W5"



8 9:: TLE ;�<=>?@AB;CDEFG 455

P 8 TG-1 (a) � Ajisai (b) ��
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Fig. 8 TG-1 (a) and Ajisai (b) prediction error with different Δt value
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Fig. 9 Prediction error of 37820 in U, N, W direction and the position error
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Fig. 10 Prediction error of 16908 in U, N, W direction and the position prediction error

P 11 GPS Z[ η _� (a) �o� (b) gm��a
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Fig. 11 GPS satellites prediction error in case of η being estimated (a) or constant (b)
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