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Analysis of accuracy in orbit predictions for space debris

using semianalytic theory

Li Bin!, Sang Jizhang'?, Ning Jinsheng

(1. School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China;
2. Collaborative Innovation Center for Geospatial Technology, Wuhan 430079, China)

Abstract: For tens of thousands of Earth orbiting space debris, fast and accurate orbit determination and
prediction information is essential for providing reliable collision warnings, and thus becomes an important
subject in the space situational awareness (SSA). To overcome the problems of low computing efficiency
using numerical integration methods and large orbit prediction errors with analytical theories, semianalytic
satellite theory (SST) that could achieve the accuracy of numerical methods with the computing efficiency
of analytic methods was developed. The semianalytic orbit integrator being developed using the multi-
scale perturbation method at Wuhan University was discussed, together with its prediction performace.
Orbits generated from the precise numerical integrator was used as the "true orbit" to compute the
prediction error of the developed semianalytic integrator. Preliminary results show that, for space objects
with Area-to-mass ratio 0.01 and orbit altitude 300 km, 2 km prediction accuracy for 1 —day orbit

prediction is achieved using the semianalytic orbit integrator, and the computation time was only 60 ms.
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For orbits higher than 1 000 km in altitude, the prediction errors were mostly less than 50 m, meeting the

requirements for many space applications.
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Tab.1 RMS for 5-hour, 1-day and 10-day

predictions for the orbits with different

Area-to-mass(A/m) ratios (Unit; m)

Perigee A/m 5h 1 day 10 days
altitude/km RMS RMS RMS

300 0.001 14.26 235.59 24.952.25
300 0.01 88.07 2206.98 248 846.84
300 0.1 870.10 21982.04 2505833.18
300 0.5 4355.05  110902.86 A
400 0.001 11.49 223.22 23 176.57
400 0.01 73.37 2051.34  211419.33
400 0.1 714.00 20466.22 2 500 093.20
400 0.5 3584.73 108 974.90 A
600 0.001 10.41 112.22 1657.40
600 0.01 28.13 175.85 7300.69
600 0.1 57.16 831.42 64 222.33
600 0.5 191.58 3771.52 325 875.05
700 0.001 9.02 111.52 1291.03
700 0.01 29.39 131.96 2 391.71
700 0.1 33.81 242.37 13 541.43
700 0.5 61.40 754.63 63 417.73
1000 0.001 7.19 39.48 177.22
1000 0.01 9.82 46.83 203.65
1000 0.1 21.19 55.85 1700.08
1000 0.5 53.76 220.11 10 050.76
2000 0.001 5.06 37.63 172.73

2 000 0.01 7.50 38.74 197.86

2 000 0.1 17.74 70.51 817.74

2 000 0.5 64.32 279.47 3127.40
4000 0.001 2.73 6.30 39.94

4 000 0.01 4.80 9.52 86.83
4000 0.1 17.81 81.46 827.09
4000 0.5 90.00 410.46 4154.25
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Fig.2 RMS for 1-day prediction in the along-track, Cross and

radial for the orbits with 400 km-perigee-altitudes
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Tab.2 RMS for 1-day prediction for the orbits with Area-to-mass ratios 0.01 and
different inclinations, RAANs (Unit: m)

aPletir;glcelZ i RAAN L&y ;iiﬁzz i RAAN L&y fﬁfﬁz i RAAN L&y
/km RMS /km RMS /km RMS
400 5° 0° 2305.01 600 5° 0° 338.72 1000 5° 0° 38.86
400 5° 60° 2051.34 600 5° 60° 175.85 1000 5° 60° 16.83
400 5° 120° 2239.91 600 5° 120° 35.61 1000 5° 120° 71.62
400 5° 180° 1916.70 600 5° 180° 30.49 1000 5° 180° 70.31
400 5° 240° 1772.66 600 5° 240° 15131 1000 5° 240° 31.30
400 5° 300° 2206.36 600 5° 300° 258.72 1000 5° 300° 19.63
400 45° 0° 1483.04 600 45° 0° 119.33 1000 45° 0° 42.35
400 45° 60° 1201.78 600 45° 60° 284.80 1000 45° 60° 20.54
400 45° 120° 1204.27 600 45° 120° 237.64 1000 45° 120° 86.44
400 45° 180° 1249.64 600 45° 180° 75.04 1000 45° 180° 22.65
400 45° 240° 978.05 600 45° 240° 45.97 1000 45° 240° 29.46
400 45° 300° 1657.78 600 45° 300° 12534 1000 45° 300° 52.66
400 85° 0° 67471 600 85° 0° 4175 1000 85° 0° 42.13
400 85° 60° 199.00 600 85° 60° 97.38 1000 85° 60° 43.60
400 85° 120° 505.63 600 85° 120° 33.63 1000 85° 120° 13.22
400 85° 180° 580.88 600 85° 180° 127.48 1000 85° 180° 20.81
400 85° 240° 4943 600 85° 240° 21.92 1000 85° 240° 8.98

400 85° 300° 900.80 600 85° 300° 20.78 1000 85° 300° 55.80
400 125° 0° 13041 600 125° 0° 194.65 1000 125° 0° 27.93
400 125° 60° 400.79 600 125° 60° 19750 1000 125° 60° 37.99
400 125° 120° 146.19 600 125° 120° 207.24 1000 125° 120° 23.84
400 125° 180° 212.84 600 125° 180° 12244 1000 125° 180° 84.24
400 125° 240° 170.47 600 125° 240° 170.81 1000 125° 240° 47.75
400 125° 300° 37.81 600 125° 300° 105.62 1000 125° 300° 11.51
400 165° 0° 204.37 600 165° 0° 138.83 1000 165° 0° 27.64
400 165° 60° 331.79 600 165° 60° 4.39 1000 165° 60° 20.42
400 165° 120° 30043 600 165° 120° 14.88 1000 165° 120° 76.05
400 165° 180° 351.78 600 165° 180° 35.72 1000 165° 180° 57.86
400 165° 240° 257.30 600 165° 240° 22.76 1000 165 240° 34.79
400 165° 300° 7731 600 165° 300° 145.71 1000 165° 300° 51.49
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