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Correction method and precision analysis of satellite orbit forecast
perturbed model for photoelectric device

Yu Yang Li Dan Cui Shuang Wang Siwen

( Changchun Institute of Optics Fine Mechanics and Physics Chinese Academy of Sciences

Changchun Jilin 130033 China)

Abstract: When using the forecasting data of satellite orbit to guide the optoelectronic tracking device the guiding data of satellite need

to be solved according to the orbital element of the satellite and the coordinates of the optoelectronic device. The widely used satellite or—

bit forecasting model is based on the SGP4/SDP4 model ( simple and convention/approximate analysis model of deep space perturbation)

based on TLE format. This model has relatively high calculation speed but the solving precision can not satisfy the guiding requirement

of the optoelectronic device. Therefore the orbit needs to be corrected with the mechanical model of the satellite orbit perturbation when

solving the guiding data of the satellite. In this paper the perturbation mechanical model of the satellite orbit is corrected using the main

parameters such as the earth gravitational field the attractive force between the sun and the moon the upper atmospheric drag and the

solar radiation pressure. After the perturbation correction the orbit forecasting precision is improved from the azimuth 20 and the pitch—

ing 10" to 2” and 1 respectively which is almost one order of magnitude improvement.
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Table 1 Chebyshev’s approximate parameters
DE200 DE405
n k At At n k
1 12 4 8 14 4 8 "
2 12 1 32 10 2 16 e=05ERl0 e=1 (5224
3 15 2 16 13 2 16
4 10 1 32 11 1 32 2
5 9 1 32 8 1 32 Fig.2 Schematic diagram of solar radiation pressures on the
6 8 1 32 7 1 32 absorption and reflection surface
7 8 1 32 6 1 32
8 6 1 32 6 1 32
9 6 1 32 6 1 32
10 12 8 4 13 8 4 R
F=-2caLyp
11 15 1 32 11 2 16 c R
12 10 4 8 10 4 8 R AU
13 10 4 8 CR “1+e
N 2
2 N
N Table 2 Reflection absorption and light pressure coefficient
. of typical satellite surface material
3.3 € l-¢ Cr=1+¢
0.21 0.79 1.21
0.30 0.70 1.30

0.88 0.12 1.88
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Table 4 Runge — Kutta method Table 6 Perturbation model
- (°) (°)
DOPRI5 Dormand&Prince( 1980) 4 2013 12 24 9:53:27 331.268 30.360 24
( RK5(4) 7FM) 5 7 2013 12 24 9:53: 28 331.243 30.542 74
DOPRIS Dormand&Prince( 1981) 13 201312249:53:29 3312176 30.726 39
( RKS(7) 13M) 8 4 57 2013 12 24 9:53:30 331.192 30.911 19
2013 12 24 9:53:31 331.166 31.097 17
RKF7 FehlBerg ( 1968) 2013 12 24 9:53:32 331.139 6 31.284 33
DOPRIS 7 2013 12 24 9:53: 33 331.1129 31.472 68
DOPRIN
Harrer etal ( 1987) 7(6) 2013 12 24 9:53:34 331.085 9 31.662 23
(RKN7(6) 9) 2013 12 24 9:53:35 331.058 5 31.852 99
RKN(x7(8) FehlB‘”g(, 1975) 13 2013 12 24 9:53:36 331.030 8 32.044 98
FILG11 Filippi& Graf( 1986) gy 17 2013 12 24 9:53: 37 331.002 7 32.238 21
RKN : . :
RKN12( 10) 17M Dormand etal( 1987) 12(10) 17 2013 12 24 9:59: 16 162.028 6 30.520 91
2013 12 24 9:59: 17 162.002 5 30.336 31
) SGP4/ 2013 12 24 9:59: 18 161.976 8 30.152 87
SDP4
7 o
° 7
Table 7 Measurement result
4 B )
2013 12 24 9:53:27 331.269 30.360 55
WindowsXP VC + +6.0 2013 12 24 9:53: 28 331.244 30.543 05
inter ® Core™20uad8400 CPU 2013 12 24 9:53:29 331.218 7 30.726 7
2013 12 24 9:53:30 331.193 30.911 51
: 2013 12 24 9:53:31 331.167 31.097 49
0567474 0 414 2013 12 24 9:53:33 331.114 31.473
2 XXXXX 070. 8529 208. 3084 0008478 217. 8778 2013 1224 9:53:34  331.087 31.662 55
276.2708 14. 12383626 60873 2013 12 24 9:53:35 331.059 6 31.853 32
2013 12 24 9:53: 36 331.0319 32.045 31
SGP4/5DP4 3 2013 12 24 9:53: 37 331.003 8 32.238 53
5 6 o : : :
5 SGP4/SDP4 2013 12 24 9:59: 16 162.027 3 30.521 33
Table 5 SGP4/SDP4 model 2013 12 24 9:59: 17 162.001 3 30.336 73
5 T 2013 12 24 9:59: 18 161.975 6 30.153 29
2013 12 24 9:53:27 331.322 8 30.192 35 .
2013 12 24 9:53:28 331.298 3 30.374 89 .
2013 12 24 9:53:29 331.273 4 30.558 58 45 (.
2013 12 24 9:53: 30 331.248 2 30.743 44 100 -
2013 12 24 9:53:31 331.222 6 30.929 46
2013 12 24 9:53:32 331.196 8 31.116 66 ” SGP4
2013 12 24 9:53:33 331.170 5 31.305 05 60 - '
2013 12 24 9:53:34 331.144 0 31.494 65
2013 12 24 9:53:35 331.117 1 31.685 46 -
2013 12 24 9:53:36 331.089 8 31.877 50 "" /é;
2013 12 24 9:53:37 331.062 2 32.07077 e ~T"ﬁ|ﬂi126]5i|‘.'?:;l-l‘;3_-6_151 276301 326
2013 12 24 9:59: 16 161.992 2 30.703 88 Y
2013 12 24 9:59: 17 161.966 4 30.519 26 4
2013 12 24 9:59: 18 161.940 9 30.335 79

Fig.4 Curve of azimuth error
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Fig. 5 Curve of elevation error
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Table 8 RMS error comparison
( )
SGP4 /SDP4 23.627° 10.271°
BHDW 2.279° 1.158°
8
237 27
10 1 o
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