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Abstract

cal telescopes work in scanning mode, the obtained observation arc length is usually very short, even less

Optical observation is the most common observation method for space objects. When opti-

than 1% of the orbital period of the observed space object. And such angle observation arc is called
Very-Short-Arc (VSA) angle observation. Based on the VSA of the near-circular LEO space debris, this
paper studies the performance differences of commonly used methods for initial orbit determination. The
influence of observation arc length on the success rate and error of different initial orbit determination
algorithms is analyzed. The results can provide reference for initial orbit determination. Several common-
ly used methods, such as Laplace method, Gauss method, Gooding method and Range-Search (RS) algo-
rithm, proposed in recent years, are compared and analyzed. The results of large-scale VSA show that
the success rate of the RS algorithm is higher than 90%, and the statistical error of the semi-major axis
of the initial orbit elements is only 25 km. Results show that the succeed rate of RS method is better

than other algorithms. The research results can provide reference for subsequent observation data pro-
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cessing.
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Table 1 IOD results of the arcs with length

ranging from 10~30 s of LEO objects with
ground-based observations

Jrik ﬁﬂfﬁ W% /(%) *ﬁﬁfﬁ
Gauss 0 96.0 50
0.5 92.5 80
5 40.0 4000
10 32.5 5000
Laplace 0 92.5 170
0.5 41.7 220
5 2.5 250
10 0.81 270
Gooding 0 97.5 55
0.5 64.2 345
5 8.3 800
10 4.2 830
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Table 2 IOD results of the arcs with length

ranging from 30~60 s of LEO objects with

ground-based observations

Jrik gﬂfﬁ ﬂ%%ﬂ%)*%ﬁfﬁ
Gauss 0 100.0 50
0.5 92.5 60
5 85.0 1500
10 80.0 4500
Laplace 0 29.2 300
0.5 35.0 320
5 21.7 290
10 10.8 260
Gooding 0 96.6 50
0.5 95.8 280
5 56.7 300

10 30.8 300
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Table 4 IO0D results of space objects observed by

the ground-based EO array

VL o o
D (YA e U M
/km
Gauss 10~30 52.5 1800
30~60 94.4 600
Laplace 10~30 8.6 250
30~60 27.6 260
Gooding 10~30 33.1 265
30~60 81.2 285
RS method  10~30 72.10 50
30~60 87.86 25
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Table 5 IOD results of the arcs with
length ranging in 10~30 s of LEO objects with
space-based observations

Sl EL S K fighy 3L
ik X;:“ﬂjs"/‘(ﬁi) /%) T *‘/f{mf’ﬁ
Gauss 0 72.1 430

0.5 57.6 500
5 34.7 2000
10 29.5 4000
Gooding 0 80.1 190
0.5 67.2 290
5 54.6 570

10 47.8 780
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Table 6 IOD results of the arcs with
length ranging in 30~60 s of LEO objects with
space-based observations

Sl EL NN -
WE e o/ FRIRE
Gauss 0 69.1 130
0.5 68.2 150
5 61.0 500
10 59.0 800
Gooding 0 98.0 130
0.5 90.0 230
5 58.8 380
10 324 522
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