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Atmospheric Drag Coefficient Calibration in Medium-Term Orbit Prediction
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Abstract; Atmospheric drag coefficient plays an important role in low Earth satellites orbit determination and
prediction. Using precise ephemeris of CHAMP satellite in different period, several drag coefficient values are obtained
during the orbit determination process, and these values are applied to the orbit prediction. Specially, all the experiments
were done in quiet geomagnetic conditions. By comparing prediction position to precise ephemeris, optimal drag coefficient
for orbit forecasting is selected. The relations among optimal drag coefficient, geomagnetic indices and trace orientation
error are studied. Subsequently, according to linear regression analysis a drag coefficient correction method is proposed.
For the purpose of medium-term orbit prediction with short-term observation, drag coefficient error is reduced by using this
method. In addition, the method is applied to verify its validity in CHAMP and Tiangong-1 orbit determination and
prediction for different periods. The results show that orbit prediction accuracy is improved by more than 20% .
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Table 1

C), effect on orbit prediction

2008 -01 -02 2008 -01 -09

AFREB  prEEARE  ARWMBE fEEKEE
I Cp /m I Cp /m

8h, 2.608 2481.5 8h, 3.092 5226.9
16h, 2.562 1957.3 16h, 2.852 2085.2
24h, 2.453 726.5 24h, 2.773 1054.5
32h, 2.321 902.3 32h, 2.711 247.1
48h, 2.305 1095.9 48h, 2.649 660. 3
72h, 2.395 93.4 72h, 2.658 544.1
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Table 2  Statistics of optimal C},, trace orientation error and ap

ER G 8h C) fr B REE/m Beth Cp frERRRE/m BIEREHE/m  ap PHELLE)
20080102 2.608 2482.3 2.395 93.3 -0.116 0.360
20080109 3.092 5227.2 2.711 247.2 -0.123 3.349
20080302 2.409 1857.5 2.560 250.3 1.276 2.063
20080306 2.413 915.1 2.500 267.7 0.306 0.247
20080309 2.479 5181.4 2.803 658.8 0.838 2.774
20080314 2.547 2709.6 2.450 1214.6 -0.873 1.684
20080320 2.160 129.1 2.160 129.5 -0.145 0.727
20080324 2.251 1758.4 2.350 289.2 0.527 0.238
20080328 3.665 6257.7 3.364 671.1 -0.166 2.616
20080502 2.069 2198.5 2.210 284.3 0.162 2.667
20080509 1.667 2635.2 1.854 194.7 0.144 1.048
20080513 1.645 3844.9 1.920 176.9 1.370 1.455
20080517 1.874 3643.1 1.718 854.8 0.228 0.287
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#3 AMEBEIEN AT CHAMP TR K EHFTR
Table 3  Calibration method applied to CHAMP satellite orbit determination and prediction

2005 - 01 - 08 2006 -12 - 16 2008 - 05 - 18
Cp i B RIRIE/m Cp AL EERTEE/m Cp P EERIRIE/m
HgwmE 3.511 2657.2 2.610 5159.3 1.884 4637.2
MR 2.992 1342.1 2.524 3952.7 1.967 3461.6
B2 3.163 231.8 2.545 4287.2 1.882 4530.5
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Table 4 Calibration method applied to Tiangong — 1 orbit determination and prediction

2011 -12 -24 2011 -12-25 2011 -12-26 2011 -12-28
Cp  frEEARREm G EEKGRZE/m 6 fEEAREm G MEEKRZE/m
HEWE  2.078 5006.2 2.602 4343.8 1.999 1619.6 1.871 7749.7
WIMEEEL 2.190 12985.1 2.168 11941.3 2.052 5409.2 1.963 1877.4
WMEEY2 2,050 2946.0 1.993 746.4 1.986 716.4 1.894 5769. 1
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