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Fig.1 The steps of connecting phase. (a) Results of connecting phase inside each scan after removing the
effect from ionosphere; (b) Fitting results of enlarged differential phase and overall trend of +DOR2 phase
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Fig.2 The steps of adjusting phase ambiguity. (a) The extrapolated phases of 2 scans; (b) The standard

deviation of fitting residuals after adjusting phase ambiguity; (c) The sketch of Chinese VLBI network;
(d) The final connected phases of BJ-KM baseline
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Fig.3 The results of closure ambiguities, while the symbols of black “x” represent the results of the first

step, and the red line represents the results of the second step
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Fig.4 The data transmission signal of the lander at BJ-KM baseline on 2013 December 23, (a) relative

power, (b) correlation phase
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Table 1 Results of the lander positioning using phase delay of VLBI
X/m Y/m Z/m
LRO NAC 1173808.8 —415927.8 1207722.4
1920 phase delay  1173956.3 —415943.4 1207942.9
difference —147.5 15.6 —220.5
1291 phase delay  1174302.4 —415953.0 1207853.1
difference —493.6 25.2 —130.7
1999 phase delay 1172402.9 —415809.9 1207672.5
difference 1405.4 —117.9 49.9
12.93 phase delay 1173332.3 —415874.5 1207788.7
difference 476. 5 -53.3 —66.3
19.9012.93 phase delay 1173853.1 —415927.6 1207847.6
difference —44.3 -0.2 —125.2
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A New Try of Connecting Phase and Resolving
Phase Delay in VLBI

HE Qing-bao'?  LIU Qing-hui' CHANG Sheng-qi'? ZHENG Xin!
(1 Shanghat Astronomical Observatory, Chinese Academy of Sciences, Shanghat 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)

AsstracTt In the deep space exploration, the differential very long baseline inter-
ferometry (AVLBI) technique is often used. It can help to achieve better orbit and
position determinations of spacecraft. But in the AVLBI observation, the correlation
phases have gaps in time domain. Connecting the correlation phases without ambiguity
27 helps to resolve the phase delay and obtain spacecraft’s orbit with a higher accuracy,
and also can make contributions to the planetary science study. Meanwhile, the phase
delay is a promising measurement in many fields because of its extremely high accuracy,
but it’s hard to be obtained. Thus we studied the correlation phase connection and
phase delay resolution using the Chang’E-3 data. For the phase connection, we first
implemented the idea that differential phase was changing in the same trend with a
single spectral line’s phase, and then we adjusted the phase ambiguities according to
phase closure results. For the phase delay resolution, the method is using phases of two
spectral lines which are spaced in a narrow band (1 MHz) to resolve the phase ambi-
guities. We calculated the phase delay of Chang’E-3 lander, and by only utilizing the
VLBI phase delay results, we obtained the lander’s location as 44.1239°N, 19.5106°W.
The reference of the lander’s location is 44.12189°N, 19.51129°W with an accuracy of 20
m. The difference between the two results is about one hundred meters, which proves
that the VLBI phase delay can be used alone to determine the spacecraft’s position.

Key words VLBI, techniques: interferometric, methods: data analysis



