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Precision Orbit Determination of Asteroid Based on
Optical and Radar Data
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Abstract: Objectives: In order to serve the implementation of China’s deep space exploration programs,
we develop software for asteroid orbit determination that can handle multiple sources of measured data.
Methods: The precision orbit of the asteroid Toutatis is investigated by using its measured data (optical and
radar data observed during the period 1976—2022), and the orbit determination results were compared with
the Toutatis ephemeris, which verified the reliability of the software. Results: The orbit determination re-
sults show that the position uncertainty of the precision orbit of the asteroid calculated by combining optical
and radar data is 1.9 km in the sense of 3, and the orbital position uncertainty calculated by optical data
alone is 8.818 km, indicating that the introduction of radar data can effectively reduce the orbital determina-
tion error of asteroids. Conclusions: The final orbit determination result reached the engineering level, and
the accuracy of the asteroid ephemeris was consistent, which showed the correctness of the self-developed
asteroid orbit determination software that can process multi—source measured data.
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Fig. 3 Flowchart of Precision Orbit Determination
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Solution Results and the Observations
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KEHE AFZEEEHIESIPLNBELERM 1o WAHEE

Table 1  Optical Data Orbiting Results, Optical and Radar Data Orbiting Results, JPL Solving Results and Uncertainty of 1o

Si it 15 X/km Y/km Z/km V/(10 ¥ km-s ") V,/(10 "km-s ) V,/(10 "km-s !)
— 8722122.103 556 144 507 293.516 7 61 835422.081 21  —34.385 516+ 11.310 953+ 5.085 784+
+1.4524 +2.1809 +1.3322 3.499x1077 3.066 X107 1.775% 1077
e E  8722123.276 072 144 507 289.039 2 61 835431.35185  —34.385 516+ 11.310 9564 5.085 785+
CIEY EiT +0.186 6 +0.4145 +0.4490 5.665x10 ° 9.9066> 10 * 4.492x10 8
JPL/ 8722123478021 144507 287.1724 61835433.87522  —34.385516+ 11.310 9524 5.085 785+
Horizons +0.198 7 +0.4435 +0.594 9 8.122X10° 1.336 107 8.088X 10 °
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Table 2 Difference Between Optical Data, Optical and Radar Data and JPL Solved Results

ARt AX/km AY/km AZ/km AV/(10 %km-s 1) AV,/(10 "km+s™ 1) AV,/(10" "km+s ")
St K 1.374465 —6.3443  11.794 01 35.376 537 562 115 10.370 097 134 000 —9.323 323 620 265
et HE KBS 0201949 —1.8668  2.52337  —9.407 760 808 2443 —4.669 407 0624653  —2.861 641 632 989 6
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