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Orbit prediction from combining multiple two—line elements
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Abstract: Two—Line Elements (TLE) datasets are the primary source for debris orbits. However, the orbit
prediction precision for low earth orbiting space debris using the TLE —SGP4 model is far less than
satisfactory. The method of orbit prediction by combining multiple TLE can achieve the purpose of
improving orbit predication precision for low earth orbiting space debris. Firstly, this method determined the
debris orbit using the TLE—computed positions near the TLE reference epochs as pseudo—observations in
the orbit determination, and then to propagate the orbit. The method was tested by continuous TLE data on
5 debris objects at altitude of about 500—600 km during 2009. The orbit prediction results for the method
and TLE —SGP4 model were compared using updated TLE data as reference orbit. The 10 —day orbit
prediction errors for the 5 debris are all less than 5 km using this method, which is significantly less than
those from using the TLE-SGP4 model .
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Tab.1 Information of the test space debris

Name NORAD ID Period/min Inclination/(°) Apogee height/km  Perigee height/km  Ballistic coefficient/m’*kg™
SL-3R/B 10114 95.06 97.24 532 511 0.006 2
SL-3 DEB 14209 95.03 97.47 540 500 0.005 5
SL-3 DEB 25 655 95.92 97.63 593 532 0.008 1
DUMSAT 26 086 96.3 64.85 599 566 0.004
SIMSAT 1 26 365 94.97 86.35 522 511 0.0059
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Fig.1 Plots of prediction errors using (a) TLE-OD/OP method,
and using (b) TLE-SGP4 model for space debris 14209
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Fig.2 "Box and whisker" plots of position predictions errors
for 10 days using (a) TLE-OD/OP method, and using
(b) TLE-SGP4 model for space debris 14209
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the 10th day using (a) TLE-OD/OP method,
and using (b) TLE-SGP4 model for 5 space debris
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