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Error Analysis of Autonomous Orbit Determination for
Walker Constellation

ZHANG Yan', ZHANG Yu-lin®
(L College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China;
2 The A cademy of Equipment Command & Technology, Beijing 101416, China)

Abstract: Since there are more and more satellites in the constellation, autonomous position determimation by using single satellite

has been gradually replaced by the whole autonomous navigation by using the inter satellite relative observation in the constellation.

Based on analyzing intersatellite relative movement for Walker constellation, the resolution expression of the intersatellie relative
distance and the partial derivative wih respect to orbit elements are presented firsly. The variation of orbit elements in the inter satellite
measurement is intuitively described in the same oibit plane and different oibit plane. Secondly, based on the relative position of
satellites in the constellation, rational restriction and estimation method is put forward. The oibit determination of the whole network of

the constellation is realized using the measurement of the inter-satellite dstance. Finally, modified resuls of the orbit elements’ system

error and random error are compared in different instance using the rational orbit determination method by way of example.
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Tab.1 Corrected resuks of orbit elements sysem error in same orbit plane
0, (m) Oy (m) 0.(m) O, (m) Oy (m) 0. (m)
1414. 213550 851. 094993 1129. 441166 0. 455337 0. 684275 0. 908064
2577. 979441 355.930895 472.336235 2509. 220973 0. 686419 0.910908
0. 000000 33 018.591326 | 24 791. 060434 0. 455999 33 018.368590 | 24 791. 358195
24 848.717608 | 41 289.474171 0. 000000 24 848. 385666 | 41 289.673702 0.907775
41 289.515021 | 24 848. 650513 | 32 975. 271905 | 41 289. 183278 | 24 848.850274 | 32 975. 536996
41 289.515021 | 24 848. 650513 | 32 975. 271905 | 41 289. 183278 | 24 848.850274 | 32 975. 536996
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Tab. 2 Comected results of oibit elements system error in different otbit plane
0, (m) 0, (m) 0.(m) 0, (m) 0, (m) 9. (m)
1414. 213550 851.094993 1129. 441166 0. 455337 0. 684275 0. 908 064
1167. 125246 1167. 125234 1129. 441166 0. 707535 0. 756246 0.979063
23 347.669591 | 23 347. 670073 | 24 791. 060434 27.703904 27. 460307 33. 858703
34 075.500156 | 34 075.500483 0. 000000 34 (075.553484 | 34 (075. 446991 0. 979056
34 075.500770 | 34 075.500441 | 32 975. 271905 | 30 109.399807 | 30 109.293747 25.551378
34 075.500770 | 34 075.500441 | 32 975. 271905 | 30 109.399807 | 30 109.293747 25.551378
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0, = 2000m, 0,= le- 5, a=0.002, 0= 0.007Z, a,= 0.007,
g, = 0.002
3 ’ ’
3
Tab.3 Corrected results of orbi elements’ random error in different orbit plane
0, (m) 0,(m) 0.(m) 0, (m) 9,(m) o, (m)
a 1041. 930164 1289. 997660 929. 934649 2. 844234 16. 078742 17. 242940
e 141. 643780 178. 347385 43.250129 8.928006 24.485501 25.994207
i 214. 484822 166. 467584 204. 592614 75.253442 75. 990506 27.290685
Q 376. 630073 304.201933 0. 000000 175. 142764 77.733800 19. 131809
w 303. 236419 305. 539446 350. 424265 51.371154 78. 590960 73. 393404
M 303. 236419 305. 539446 350. 424265 51.371154 78. 590960 73. 393404
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