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Table 1 Comparison of ionosphere delay at CVN stations using
SHAO or CODE model with the quiet period

ns

i %E Bias RMSE

I $8529a  s8530a  s8531a  s8529a  s8530a  s8531a

BJ 1.15 0.70 0.39 1.23 0.84 0.54
KM 1.03 0.73 0.36 1.11 0.89 0.50
UR 0.87 1.06 0.91 1.02 1.21 1.10
™ 0.79 0.51 0.29 0.97 0.71 0.37
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Table 2 Comparison of ionosphere delay rate at CVN stations
using SHAO or CODE model with the quiet period

(pss™

i %E Bias RMSE

I s8529a  s8530a  s8531a  s8529a  s8530a  s8531a

BJ 0.19 0.21 0.23 0.21 0.24 0.27
KM 0.14 0.14 0.14 0.23 0.19 0.20
UR 0.11 0.13 0.14 0.22 0.15 0.16
™ 0.16 0.16 0.17 0.13 0.20 0.20
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Fig. 3 Comparisons of ionosphere delay &rate at CVN stations using SHAO and CODE model on s8531a, the difference of two presents in green
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Table 3 Comparison of ionosphere delay at CVN stations using
SHAO or CODE model with the active period

ns

I 4E Bias RMSE

B s4a24a s4a25a s4a24a s4a25a
BJ 6.73 3.19 7.40 3.56
KM 6.81 14.34 10.11 16.80
UR 2.83 4.18 3.08 4.26
™ 8.62 7.73 9.78 11.10
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Table 4 Comparison of ionosphere delay rate at CVN stations
using SHAO or CODE model with the active period
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Fig. 5 The difference of orbit determination residuals on S1 band at CVN stations base-line using ionosphere delay calculated by SHAO or CODE
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Table 5 The residuals of orbit determination on different bands

using SHAO or CODE
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R ZE s4a24a
BB Hz SI12210  S22234  X08440 X 18460
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CODE 6.07 9.10 0.70 2.23
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Ionospheric TEC Correction for VLBI Based on GNSS Density Network

ZHOU Weili"*’, SONG Shuli', LI Peijia'’s ZHANG Zhibin"’, HUANG Chao"’,
HUANG Yong"’, WANG Guangli'
(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences , Shanghai 200030, China;
2. National Space Science Center, Chinese Academy of Sciences , Beijing 100190, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Very long baseline interferometry (VLBI) is one of the key technologies for orbit determination of Chang'-E

satellites in China's lunar exploration project. lonospheric delay is one of the main errors of VLBI orbit determination. The

ionospheric delay correction method based on GNSS inversion is given, which is used in the Chinese VLBI Network. Because there

are few stations of international GNSS service (IGS) in China, in order to meet the demand of lunar exploration, more stations

are will be builtin China and a new global ionospheric correction model (SHAO) is constructed. Compared with the CODE

model, the maximum difference of ionospheric delay Root Mean Square Error (RMSE) on CVN stations is 1.23 ns during the

ionospheric quiescence. During the active period of the ionosphere, the maximum difference of the ionospheric delay RMSE on

CVN station is 16.80 ns. When the ionosphere is active, the VLBI orbit determination residual based on the SHAO model increases
from 6.07 ns to 3.33 ns in S1 band, 9.10 ns to 7.07 ns in S2 band, 0.70 ns to 0.60 ns in X0 band compared with CODE model.

Keywords: Lunar Exploration; VLBI; ionosphere delay; GNSS
Highlights :
oThe processing strategy of GNSS nearby CVN stations is designed.

oThe ionospheric delay correction method based on GNSS inversion is given, which is called SHAO model. and can be used in the

VLBI orbit determination.

e When the ionosphere is in the active period, the orbit determination residual based on the SHAO model is 2~3 ns higher than that

based on the CODE model in the S-band.

[ Bk, ELFR: RIE]



