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Fig. 1 The diagram of the multi-way Doppler tracking mode
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Table 1 Kepler orbit elements of the Lunar spacecraft
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Table 2 A full description of the parameters used in the
simulation of the Lunar spacecraft POD
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Fig.2 The observable number of the two-way Doppler and the multi-way
Doppler in the Lunar spacecraft POD experiment
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Table 3 Initial orbit position difference between reconstructed orbits and true one for the Lunar spacecraft POD experiment

m
. RICEEZ 18 ] XUFEZ ) + B2 R 2 W B
IR Ay Az 1R 22 Ax Ay Az 1R 22
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2 -1.217 0.047 —0.482 1.310 -0.011 —0.049 -0.019 0.054
3 0.024 ~0.500 1.236 1.334 0.024 —0.498 1.236 1.333
4 —0.633 —0.444 0.104 0.780 0.019 —0.019 0.018 0.032
5 / / / / 0.097 0.060 0.129 0.172
6 2343 5.019 —0.445 5.557 2342 5.016 —0.445 5.554
7 0.288 0.978 0.412 1.100 0.288 0.978 0.412 1.100
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Table 4 Iterative calculation of lander position

m
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W 0.448 0.194 0.136
Wtz (o) +0.378 +0.353 +0.686
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Fig. 3 The differences of arc 2 between true orbit and reconstructed orbits
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Fig. 4 The observable number of the two-way Doppler and the multi-way
Doppler in the Mars spacecraft POD experiment
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Table S The comparison between solving the measurement bias and not solving the measurement bias for two-way Doppler

m
RS i 72 AN MRS A 72
A Ay Az R Ax Ay Az RE
1 -0.479 -0.071 0.380 0.615 —0.493 0.073 0.387 0.631
2 -1.217 0.047 —0.482 1.310 ~1.383 0.071 —0.559 1.493
3 0.024 —0.500 1.236 1.334 0.008 —0.408 0.965 1.048
4 —0.633 —0.444 0.104 0.780 ~1.207 ~0.959 0.007 1.545
5 / / / / 1.579 0.915 1.759 2.535
6 2.343 5.019 —0.445 5.557 2.625 5.611 —0.574 6.221
7 0.288 0.978 0.412 1.100 1.002 3411 1.524 3.868
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Table 6 Kepler orbit elements of the Mars spacecraft
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Table 7 A full description of the parameters used in the
simulation of the Mars spacecraft POD
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Table 8 Initial orbit position difference between reconstructed orbits and true one
m
- PIEESLE T WU 23 )y + 1t 2 2 22 0 S R
Ay Az R Ax Ay Az R
1 ~7.585 10.980 6.252 14.737 -8.679 12.614 7.133 16.891
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Preliminary Numerical Analysis of Precise Orbit Determination for a Multi-Way

Microwave Measurement Mode in the Lunar and Mars Missions

YANG Xuan, YAN Jianguo, YE Mao, JIN Weitong, QU Chunkai, LIU Suyan

(State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan 430070, China)

Abstract: Precise orbit determination and lander positioning have important scientific meaning in deep-space mission. In this
paper, preliminary numerical simulations for a multi-way microwave measurement mode in the Lunar and Mars missions are
conducted and analyzed. The measurement model of this tracking mode is derived and its advantages are evaluated. Simulation
results show that this model has the potential to improve orbit accuracy, and the position of the lander can also be obtained. The
quantitative analysis shows that at the noise level of | mm/s, for the Lunar spacecraft, the orbit accuracy can be up to several
meters and the positioning accuracy of the lander is expected to reach the decimeter level, considering the coordinate system
conversion error, the gravitational field error, the ephemeris error and the transponder error. For the Mars spacecraft, the orbit
accuracy can reach tens of meters and the lander positioning accuracy reaches the meter level.

Key words: multi-way Doppler; multiple objects; precise orbit determination; lander positioning; measurement model

High lights:

e Preliminary numerical simulations for a multi-way microwave measurement mode in the Lunar and Mars mission are conducted

and analyzed.

e The ephemeris errors, the coordinate transformation errors, the gravity field model errors and the transponder delay are

accounted for in the simulation.

e The orbit and lander positioning accuracy are improved after using the proposed measurement mode.
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