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Abstract  Angles-Only initial orbit determination (IOD) is the key to space object cataloguing for optical
observation systems. For space objects in Low Earth Orbit (LEO), the observed arcs obtained by ground-based
optical observation systems are too short and without range information. Therefore, the IOD results of them have
large errors and are unusable in further studies. For this reason, this paper studies the non-cooperative common-
view observation technology of LEO space objects and relevant initial orbit determination. Based on statistics, a new
method of space object positioning by non-cooperative common-view observation technique is proposed. With optical
observations from the space object and debris observation network of the Chinese Academy of Sciences, the
experiment is conducted to validate the proposed method. The results show that the root mean square (RMS) error
of the proposed method is less than 100 m for the satellite Ajisai and that is less than 200 m for the space debris CZ-
2C R/B, which means this method is better than the traditional trigonometric parallax method. The positioning
results are then used to 10D, and the obtained semi-major axis errors are around 1 km.
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Fig. 1 Non-cooperative common-view observation of
space object
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Fig. 2 Images of space objects obtained by photoelectric telescopes. (a) Photoelectric telescope A;

(b) photoelectric telescope B
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Table 1  Orbital parameters of space objects
Space object NORAD (The North American Air Defense Command) Number  Eccentricity Mean altitude /km
CZ-2C R/B 31114 0.00607 834.7
Ajisai 16908 0.00113 1494. 7
£ 2 ZANEEMGFEAEREN R
Table 2 RMS position errors of trigonometric parallax method and statistics method
Space D Trigonometric parallax method Statistics method
at
object e x y 2 3D x y z 3D
20201007 156. 25 141. 49 99. 69 233.18 45.79 94.03 70.11 125.92
CZ-2C R/B 20201008 264.12 149. 21 78.01 313.22 126.42 94.52 21.64 159. 32
20201010 423. 00 61.93 101. 94 439. 50 170. 48 34.71 41.55 178. 87
20201011 64. 54 44,15 39. 29 87.51 28.98 30. 46 36. 89 55.93
Ajisai 20201012 56.92 95.32 40. 56 118. 20 42.56 74. 81 37.84 94.02
20201013 67.87 36.48 43. 89 88.68 43. 46 24.29 30.23 58. 25
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Table 3 The SMA errors of two cases

SMA error of non-cooperative

Space object Date ) SAM error of single site /km
common-view /km
20201007 1.028 5.272
CZ-2C R/B 20201008 1.573 6.375
20201010 1. 287 5.518
20201011 0. 824 4,375
Ajisai 20201012 1.134 5.022
20201013 0.928 3.958
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