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Abstract The calculation accuracy and time of the advance pointing angle are extremely important, which directly affect
the tracking accuracy and debris ranging distance of a laser ranging system. When the optical angle measurement data of
extremely short arcs is used for orbit determination, the sparse observation data often lead to non-convergence of orbit
determination results, and thus it is impossible to calculate the accurate advance pointing angle using a traditional method.
A new calculation method for advance pointing angles is proposed. Specifically, the data of the inertial sensor and optical
detector carried on the satellite platform is used, and the angular velocity of relative motion is calculated by the data fusion
algorithm based on the Levenberg-Marquardt algorithm. Then, the advance pointing angle is obtained by combining the
relatively accurate distance information in orbit prediction. Under the working conditions of orbit determination using
optical angle measurement data of extremely short arcs, the error of the proposed method is less than 0.1 prad, and the
minimum convergence time is 10 s, both of which are superior to those of the traditional calculation method and can meet
the pointing accuracy requirements of the laser ranging system.
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Fig. 1 Schematic diagram of advance pointing angle calculation
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Table 1 Calculation results of initial orbit determination and advance pointing angles with different arc lengths
) Advance
o o Argument Mean . Velocity o
Arc Semimajor . Inclination / RAAN / . Position pointing
. Eccentricity . X of perigee /' anomaly / error /
length axis /km (") ") ) . error /m ! angle error
() ") (m+s ')
/prad
LEO 6925. 400 0.000172 53.056 333.691 58.693 301. 422
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Fig. 2 Structural diagram of space debris laser ranging system
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Table 3 Error of proposed advance pointing angle calculation method

Velocity error of
traditional method /

Advance pointing angle Velocity error of Advance pointing angle

Arc length /s error of traditional proposed method / error of proposed

(mes™) method /prad (m-s™") method /prad
10 1906. 174 12.7078 9.879 0. 0659
20 386. 377 2.5758 5.014 0.0334
30 161. 029 1.0735 2.607 0.0174
40 88. 156 0. 5877 2.123 0.0142
50 55. 826 0.3722 2.113 0.0141
60 38.729 0.2582 2.103 0.0140
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Table 4 Effect of camera delay on calculation results

Data length used in

Camera delay /ms data fusion Arc length /s

Angular rate error /

Velocity error / Advance pointing

algorithm /s (prad-s™ ') (m-+s™") angle error /prad
0 10 10 4.7499 9. 8986 0. 0660
100 10 10 10. 4488 21.2969 0.1420
200 10 10 16. 0520 32.5037 0.2167
500 10 10 22.0422 44,4846 0.2966
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Table 5 Effect of camera noise on calculation results

Data length used in

Camera noise / Angular rate error / Velocity error / Advance pointing

prad chlt:nftl;fjg Are length /s (prad-s ™) (m-s ") angle error /prad

0 10 10 4.7499 9. 8986 0. 0660

10 10 10 6.8998 14. 1986 0.0947

30 10 10 15.7220 31. 8437 0.2123

50 10 10 24.7281 49. 8566 0.3324

F 6 M A A I R X B A AR A 5 e

Table 6 Effect of inertial sensor noise on calculation results

. . Data length used in
Inertial sensor noise /

Angular rate error / Velocity error / Advance pointing

data fusi Arc length /s
(prad-s™") ¢ a.us1on reength s (prad-s ') (m*s ") angle error /prad
algorithm /s
0 10 10 4.7499 9. 8986 0. 0660
10 10 10 4.7610 9.9208 0. 0661
30 10 10 5. 5981 11.5951 0.0773
50 10 10 6.2861 12.9712 0. 0865
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Fig. 6

Simulation results of different types of target motion curves. (a) Sinusoidal motion; (b) power function motion; (¢) parabolic

motion
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