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Fig.1 The relative geometric configuration of the Sun,
Earth and Asteroid
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Fig.3 Schematic diagram of the coordinate system used by
Gooding!®. The star represents the position of P,. The
dashed line represents the direction at the second
observation time. The shaded area represents the plane
passing through P. and perpendicular to the dashed line.
The arrow represents the coordinate system established on

the new plane.
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Table 2 The results of the long arcs using double-r method. a, e, i1, 2, w, and M respectively represent

the six orbital elements: semi-major axis, eccentricity, inclination, longitude of the ascending node,

argument of perigee, and mean anomaly.

Arc 7 8 9
Arc length/d 149.58 199.16 250.21
Number of observation data 91 91 289
Aa/AU 1.8x107% —51x107% —-51x1073
Ae 2x107* —0.7x107%  —57x 1073
Aiy/° 5.5 x 1073 3.6x107% —57x1073
AQ/° -73x107%  —1x107* 57x1072
Aw/° —51x107%  1.2x1072 —0.2
AM/° -3.01x 1072 —9.9x 1072 2.9
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Initial Orbit Determination Based on Intelligent Optimization
Algorithm

LIU Xin'23 HOU Xi-yun'?3 LIU Lin»?>?  GAN Qing-bo* = YANG Zhi-tao*
(1 School of Astronomy and Space Science, Nanjing University, Nanjing 210023)
(2 Institute of Space Environment and Astrodynamics, Nanjing University, Nanjing 210023)
(8 Key Laboratory of Modern Astronomy and Astrophysics, The Ministry of Education, Nanjing 210023)
(4 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101)

AsstracTt Classical methods for initial orbit determination (IOD) include Laplace method, Gauss
method and their variations. In addition to this, based on the characteristic of optical observation data
nowadays, experts propose some other IOD methods, like Double-r method and admissible region method.
One of the ways to determinate the orbit through double-r method is to guess distances of the target from
the observer at two epochs—usually at the first and the last one. By doing so, we can solve the Lambert
problem and use its solution as the initial guess of the orbit. Furthermore, we can improve the initial guess
by iterations to reduce the root mean square (RMS) of the observations. The admissible method is based
on the concept of attributable (longitude, latitude and their rates). With some conceptions, the admissible
region described by the range and range rate from the observer is characterized. Using triangulation we
can find the nodal point that makes the RMS minimal. In our work, we apply one intelligent optimization
method—the particle swarm optimization method to the two methods, based on simulated and real data,
and compare the results with that of modified Laplace method. At last, we briefly discuss the possibility
of applying the double-r method to the orbit link problem.

Key words celestial mechanics, minor planets, methods: numerical
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Table 3 The initial values of arcs

Arc  Number a/° 5/° /(") -sTY S/ -sTY Date (TDB®)
1 54.888 17.836 0.12133 0.03258 1989-01-04 19:30:56.18
2 55.010 17.868 0.12097 0.03216 1989-01-04 20:31:05.97
! 3 55.056 17.881 0.12090 0.03200 1989-01-04 20:53:56.28
4 55.176 17.912 0.12085 0.03159 1989-01-04 21:53:56.56
1 299.250 —20.476 —0.01549 —0.00293 1988-07-12 08:17:26.03
2 298.925 —20.540 —0.01577 —0.00310 1988-07-13 05:57:40.91
? 3 297.737  —20.768 —0.01718 —0.00307 1988-07-16 08:43:55.79
4 297.341  —20.843 —0.01757 —0.00311 1988-07-17 08:28:26.13
1 49.880 16.466 0.13272 0.03920 1989-01-03 05:12:11.54
2 49.895 16.470 0.13272 0.03914 1989-01-03 05:19:11.45
3 54.889 17.836 0.12134 0.03259 1989-01-04 19:30:56.18
4 55.011 17.869 0.12098 0.03216 1989-01-04 20:31:05.98
5 55.057 17.881 0.12090 0.03200 1989-01-04 20:53:56.28
6 55.177 17.913 0.12085 0.03159 1989-01-04 21:53:56.57
7 58.566 18.754 0.11190 0.02726 1989-01-06 02:14:55.70
3 8 58.964 18.849 0.11252 0.02601 1989-01-06 05:48:08.09
9 60.786 19.268 0.10635 0.02415 1989-01-06 22:04:55.80
10 60.813 19.274 0.10636 0.02406 1989-01-06 22:19:56.09
11 61.300 19.383 0.10476 0.02446 1989-01-07 02:42:56.18
12 61.318 19.387 0.10464 0.02439 1989-01-07 02:52:55.80
13 61.608 19.453 0.10353 0.02324 1989-01-07 05:40:25.85
14 61.625 19.457 0.10352 0.02317 1989-01-07 05:50:26.33
15 64.878 20.139 0.09491 0.01917 1989-01-08 13:37:25.85
1 49.879 16.466 0.13272 0.03920 1989-01-03 05:12:11.54
2 49.895 16.470 0.13272 0.03914 1989-01-03 05:19:11.45
3 54.889 17.836 0.12134 0.03259 1989-01-04 19:30:56.18
4 4 55.010 17.869 0.12098 0.03216 1989-01-04 20:31:05.98
5 55.056 17.881 0.12090 0.03200 1989-01-04 20:53:56.28
6 55.177 17.913 0.12085 0.03160 1989-01-04 21:53:56.57
7 58.566 18.754 0.11190 0.02726 1989-01-06 02:14:55.70

“Barycentric Dynamical Time
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Table 3 Continued
Arc  Number  «/° 5/° a/((") -sTYH 8/ -sTY Date (TDB)
8 58.964 18.849 0.11252 0.02601 1989-01-06 05:48:08.09
9 60.786  19.268 0.10635 0.02415 1989-01-06 22:04:55.80
10 60.812 19.274 0.10636 0.02406 1989-01-06 22:19:56.09
11 61.300 19.383 0.10476 0.02446 1989-01-07 02:42:56.18
12 61.317 19.387 0.10464 0.02439 1989-01-07 02:52:55.80
13 61.608 19.453 0.10353 0.02324 1989-01-07 05:40:25.85
14 61.625 19.457 0.10352 0.02318 1989-01-07 05:50:26.33
4 15 64.878  20.139 0.09491 0.01917 1989-01-08 13:37:25.85
16 64.888  20.141 0.09492 0.01913 1989-01-08 13:44:11.06
17 65.771  20.312 0.09315 0.01804 1989-01-08 22:51:55.90
18 65.778  20.314 0.09317 0.01802 1989-01-08 22:57:00.89
19 65.824  20.322 0.09343 0.01783 1989-01-08 23:26:56.28
20 67.294  20.603 0.08905 0.01612 1989-01-09 15:12:26.52
21 67.759  20.682 0.08797 0.01660 1989-01-09 20:12:27.10
22 67.843  20.698 0.08763 0.01633 1989-01-09 21:09:52.73
1 49.879  16.466 0.13272 0.03920 1989-01-03 05:12:11.54
2 49.895 16.470 0.13272 0.03914 1989-01-03 05:19:11.45
3 54.889 17.836 0.12134 0.03259 1989-01-04 19:30:56.18
4 55.010 17.869 0.12098 0.03216 1989-01-04 20:31:05.98
5 55.056  17.881 0.12090 0.03200 1989-01-04 20:53:56.28
6 55.177 17.913 0.12085 0.03160 1989-01-04 21:53:56.57
7 58.566  18.754 0.11190 0.02726 1989-01-06 02:14:55.70
8 58.964 18.849 0.11252 0.02601 1989-01-06 05:48:08.09
5 9 60.786  19.268 0.10635 0.02415 1989-01-06 22:04:55.80
10 60.812 19.274 0.10636 0.02406 1989-01-06 22:19:56.09
11 61.300 19.383 0.10476 0.02446 1989-01-07 02:42:56.18
12 61.317 19.387 0.10464 0.02439 1989-01-07 02:52:55.80
13 61.608 19.453 0.10353 0.02324 1989-01-07 05:40:25.85
14 61.625 19.457 0.10352 0.02318 1989-01-07 05:50:26.33
15 64.878  20.139 0.09491 0.01917 1989-01-08 13:37:25.85
16 64.888 20.141 0.09492 0.01913 1989-01-08 13:44:11.06
17 65.771  20.312 0.09315 0.01804 1989-01-08 22:51:55.90
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Table 3 Continued
Arc  Number  «/° 5/° a/((") -s7Y S/ -sTY Date (TDB)
18 65.778  20.314 0.09317 0.01802 1989-01-08 22:57:00.89
19 65.824  20.322 0.09343 0.01783 1989-01-08 23:26:56.28
20 67.294  20.603 0.08905 0.01612 1989-01-09 15:12:26.52
21 67.759  20.682 0.08797 0.01660 1989-01-09 20:12:27.10
22 67.843  20.698 0.08763 0.01633 1989-01-09 21:09:52.73
23 67.929 20.716 0.08717 0.01579 1989-01-09 22:10:56.09
24 67.945 20.717 0.08741 0.01599 1989-01-09 22:19:56.95
25 68.014  20.732 0.08731 0.01551 1989-01-09 23:08:56.28
26 69.727  21.027 0.08309 0.01482 1989-01-10 18:41:55.99
27 69.839  21.047 0.08230 0.01449 1989-01-10 20:03:15.00
28 69.872  21.053 0.08214 0.01438 1989-01-10 20:27:36.02
29 69.876  21.053 0.08221 0.01437 1989-01-10 20:30:26.23
30 70.094  21.090 0.08175 0.01367 1989-01-10 23:09:55.90
31 70.115  21.094 0.08164 0.01456 1989-01-10 23:17:30.36
32 70.176  21.104 0.08182 0.01343 1989-01-11 00:10:02.23
5 33 70.705  21.192 0.07971 0.01317 1989-01-11 06:31:56.38
34 71.893 21.380 0.07667 0.01230 1989-01-11 21:16:26.71
35 71.908 21.383 0.07662 0.01225 1989-01-11 21:28:21.24
36 73.016  21.567 0.07286 0.01112 1989-01-12 11:49:40.54
37 73.025 21.568 0.07285 0.01108 1989-01-12 11:56:22.30
38 73.027  21.554 0.07326 0.01123 1989-01-12 11:57:26.23
39 73.039  21.558 0.07293 0.01126 1989-01-12 12:06:43.51
40 73.058  21.561 0.07288 0.01117 1989-01-12 12:22:26.14
41 73.087 21.565 0.07282 0.01105 1989-01-12 12:45:56.18
42 73.093  21.566 0.07281 0.01102 1989-01-12 12:50:55.99
43 73.094 21.566 0.07287 0.01098 1989-01-12 12:51:56.47
44 73.097  21.565 0.07315 0.01095 1989-01-12 12:54:56.18
45 73.166  21.577 0.07290 0.01069 1989-01-12 13:51:26.52
46 73.224  21.585 0.07305 0.01047 1989-01-12 14:38:55.99
47 73.767 21.661 0.07172 0.01051 1989-01-12 21:52:08.57
48 74.739  21.798 0.06885 0.00994 1989-01-13 11:14:26.33
49 74.844 21.813 0.06860 0.00948 1989-01-13 12:45:56.18
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Arc  Number  «a/° 5/° a/((")-s7h 6/ -sTY Date (TDB)
50 74.856 21.815 0.06859 0.00943 1989-01-13 12:56:56.28
51 79.426  22.382 0.05673 0.00637 1989-01-16 11:22:33.62
52 79.427  22.383 0.05673 0.00636 1989-01-16 11:24:03.48
53 79.428 22.383 0.05673 0.00635 1989-01-16 11:25:35.93
54 79.563  22.387 0.05667 0.00592 1989-01-16 13:46:11.16
55 79.571  22.387 0.05668 0.00589 1989-01-16 13:54:26.23
’ 56 79.578  22.388 0.05670 0.00586 1989-01-16 14:02:41.30
57 79.623 22.393 0.05686 0.00568 1989-01-16 14:49:25.85
58 79.625 22.393 0.05687 0.00567 1989-01-16 14:51:56.18
59 80.801 22.522 0.05350 0.00554 1989-01-17 11:15:36.31
60 80.805 22.523 0.05348 0.00552 1989-01-17 11:20:36.12
61 80.810 22.523 0.05347 0.00549 1989-01-17 11:25:35.93
62 87.926  23.036 0.03938 0.00243 1989-01-23 17:21:52.15
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