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This dissertation studies the precise orbit determination (POD) and positioning of the
Chinese lunar exploration spacecraft, emphasizing the variety of VLBI (very long baseline
interferometry) technologies applied for the deep-space exploration, and their contribution-
s to the methods and accuracies of the precise orbit determination and positioning. In
summary, the main contents are as following;:

In this work, using the real-time data measured by the CE-2 (Chang’E-2) detector, the
accuracy of orbit determination is analyzed for the domestic lunar probe under the present
condition, and the role played by the VLBI tracking data is particularly reassessed through
the precision orbit determination experiments for CE-2. The experiments of the short-arc
orbit determination for the lunar probe show that the combination of the ranging and VLBI
data with the arc of 15 minutes is able to improve the accuracy by 1-1.5 order of magnitude,
compared to the cases for only using the ranging data with the arc of 3 hours. The orbital
accuracy is assessed through the orbital overlapping analysis, and the results show that the
VLBI data is able to contribute to the CE-2’s long-arc POD especially in the along-track and
orbital normal directions. For the CE-2’s 100 kmx100 km lunar orbit, the position errors
are better than 30 meters, and for the CE-2’s 15 kmx 100 km orbit, the position errors are
better than 45 meters.

The observational data with the delta differential one-way ranging (ADOR) from the
CE-2’s X-band monitoring and control system experimental are analyzed. It is concluded
that the accuracy of ADOR delay is dramatically improved with the noise level better than
0.1 ns, and the systematic errors are well calibrated.

Although it is unable to support the development of an independent lunar gravity
model, the tracking data of CE-2 provided the evaluations of different lunar gravity models
through POD, and the accuracies are examined in terms of orbit-to-orbit solution differences
for several gravity models. It is found that for the 100 kmx100 km lunar orbit, with a degree
and order expansion up to 165, the JPL’s gravity model LP165P does not show noticeable
improvement over Japan’s SGM series models (100x100), but for the 15 kmx100 km lunar
orbit, a higher degree-order model can significantly improve the orbit accuracy.

After accomplished its nominal mission, CE-2 launched its extended missions, which
involving the L2 mission and the 4179 Toutatis mission. During the flight of the extended
missions, the regime offers very little dynamics thus requires an extensive amount of time
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and tracking data in order to attain a solution. The overlap errors are computed, and it is
indicated that the use of VLBI measurements is able to increase the accuracy and reduce
the total amount of tracking time.

An orbit determination method based on the polynomial fitting is proposed for the CE-
3’s planned lunar soft landing mission. In this method, spacecraft’s dynamic modeling is not
necessary, and its noise reduction is expected to be better than that of the point positioning
method by making full use of all-arc observational data. The simulation experiments and
real data processing showed that the optimal description of the CE-1’s free-fall landing
trajectory is a set of five-order polynomial functions for each of the position components as
well as velocity components in J2000.0. The combination of the VLBI delay, the delay rate
data, and the USB (united S-band) ranging data significantly improved the accuracy than
the use of USB data alone.

In order to determine the position for the CE-3’s Lunar Lander, a kinematic statistical
method is proposed. This method uses both ranging and VLBI measurements to the lander
for a continuous arc, combing with precise knowledge about the motion of the moon as
provided by planetary ephemeris, to estimate the lander’s position on the lunar surface with
high accuracy. Application of the lunar digital elevation model (DEM) as constraints in the
lander positioning is helpful. The positioning method for the traverse of lunar rover is also
investigated. The integration of delay-rate method is able to achieve higher precise posi-
tioning results than the point positioning method. This method provides a wide application
of the VLBI data.

In the automated sample return mission, the lunar orbit rendezvous and docking are
involved. Precise orbit determination using the same-beam VLBI (SBI) measurement for
two spacecraft at the same time is analyzed. The simulation results showed that the SBI
data is able to improve the absolute and relative orbit accuracy for two targets by 1-2
orders of magnitude. In order to verify the simulation results and test the two-target POD
software developed by SHAO (Shanghai Astronomical Observatory), the real SBI data of the
SELENE (Selenological and Engineering Explorer) are processed. The POD results for the
Rstar and the Vstar showed that the combination of SBI data could significantly improve
the accuracy for the two spacecraft, especially for the Vstar with less ranging data, and the
POD accuracy is improved by approximate one order of magnitude to the POD accuracy of
the Rstar.



