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Table 1 Accuracy statistics of VLBI orbit determination for

previous missions
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CE-2 S B 4.9 0.6

CE-3 X B 0.8 0.9
CE-5T1 SU B 13.4 1.1
CE-4Z] S B 12 0.7
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Table 2 CE-1 30 min orbit determination result

UES! UE)
PUEAR

FERREES WE SERGR RE

a/km 204 664.94 37.64 204 626.32 -0.98
e 0.966210  -0.000 124 0.966338  0.000 005
il (®) 31.234 07 0.650 32 30.58485  0.001 10
Q) 168.03334  -0.101 33 168.13434  -0.000 33
w/ (®) 185.85667  0.11158 185.744 69 —0.000 41
M/ (®) 5782325  -0.01022 57.83362  0.000 14
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Table 3 CE-1 3 h orbit determination result
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e 0.966 191 —0.000 143 0.966 335  0.000 001
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M () 57.82698  —0.006 50 57.83352  0.000 04
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Table 4 CE-3 3/6 h prediction accuracy before maneuver

%5 CE-3100 x 100 kmEBINELFEE
Table S CE-3 100 x 100 km orbit determination accuracy
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R T N &if R T N Rt
7H16—18 i 26 80 6.6 10.6 0.0058 0.0025 0.0045 0.0077
8H 14—16 It 29178 80 19.7 0.0169 0.0024 0.0131 0.0215
9 12—14 i 29195 15.0 24.7 0.0151 0.0027 0.0072 0.0169
10H10—12 B 35259 16.7 31.0 0.0234 0.0039 0.0149 0.0280
Fy 3.017.8 11.6 21.5 0.0153 0.0029 0.0099 0.0185
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Table 6 CE-3 lander position accuracy

SEfir 235 513 (B

LROMEAHEE R/ (©) -19.5116  44.1214 -2 640.0
R&D+VLBI/ (°) ~19.5124 441206 26320
ZAti/m 17 m 24m 8m
R&D/ (°) ~19.4802  44.0899 -3902
Zl/m -9552m 684.9m  -1262m
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Fig. 1 Orbit accuracy for CE-2 asteroid exploration phase
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Abstract: The S/X-band radiometric range/Doppler and very long baseline interferometry (VLBI) techniques are used in

Chinese lunar exploration to track the probe. Measurement accuracy is improved for the application of new equipment and

techniques. VLBI data plays a very important role in the orbit determination (OD) and lander positioning. VLBI data can improve

short arc OD accuracy comparing with the range/Doppler data only. For the lunar orbit, Combining VLBI data helps to improve

orbit accuracy especially in along-track and normal directions. Results also indicate that VLBI data contribute more to the OD when

the probe is at the edge-on view than at the face-on view. Overlap analysis shows that the position consistency is about 20 m and

better than 3 m in the radial direction for CE-3/CE-4 lunar orbit. The statistical positioning method is applied to determine the

position for the CE-3 lander combined with 1 h range and VLBI data, and the accuracy is better than 50 m compared to the result of

LRO camera.

Keywords: Chinese Lunar Exploration Program (CLEP) ; VLBI; orbit determination

Highlights:

e VLBI data play a very important role in the Orbit Determination (OD) and lander positioning.

e The normal accuracy of VLBI delay and rate is better than 1 ns and 1 ps/s respectively.

e The orbit determination accuracy is about 20 m and better than 3 m in the radial direction for CE-3/CE-4 lunar orbit.

[Frisdh: KE, EXFH: K]



