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Fig. 1 Coordinate transformation process in LLR
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Table 2 Coordinates of retro-reflector in PA coordinate
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Table 3 Lunar retro-reflector coordinate adjustment results

£ S A BT G S AX/m Y/m Z/m PDOP
Apollo 11 0.0152  -02471  -0.0757 0.95
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Apollo 15 0.0154  —02995  -0.1146 0.80
Lunokhod 1 0.0057  —0.2869  -0.2144 0.90
Lunokhod 2 0.0238  -0.3096  -0.1088 0.91
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Fig. 4 LLR data check residuals of 2015-2021 before retro-reflector
coordinate adjustment
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Table 4 Maximum retro-reflector coordinate adjustment at
different ephemerides

Ji# max(AX)/m max(AY)/m max(AZ)/m PDOP
DE405 —-22.023 34.390 4.558 0.81
DE421 1.290 —1.496 -0.910 0.81
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LLR Data Processing and Lunar Retro-Reflector Coordinate Estimation

FANG Zhen"*, GU Defeng"’, SHAO Kai"', AN Zicong""', LI Ming"'

(1. TianQin Center, Sun Yat-sen University, Zhuhai 519082, China;
2. Institute of Technology, Deep Space Exploration Laboratory, Hefei 230031, China;
3. School of Artificial Intelligence, Sun Yat-sen University, Zhuhai 519082, China;
4. School of Physics and Astronomy, Sun Yat-sen University, Zhuhai 519082, China)

Abstract: Given the current situation where laser ranging data processing algorithms from domestic and international
organizations are not publicly available, in this paper an LLR data processing model was established first. Using self-developed
software, which implements error algorithms for general relativity effects, atmospheric delay effects, Earth tides, and lunar tides,
high-precision LLR data processing was achieved. The results indicate that when using the data processing program to validate the
LLR standard point data published by the International Lunar Ranging Service (ILRS) for the years 2006 to 2021, the root mean
square residual is approximately 3.7 cm. Thereinto, the root mean square residual of LLR data in 2014 and before is approximately
3cm, and the root mean square residual of LLR data after 2014 is approximately 4cm. Furthermore, to address the issue of reduced
accuracy in LLR data validation due to discrepancies between lunar retroreflector coordinates and lunar ephemerides, the least
squares method was employed to estimate the coordinates of the lunar retroreflectors. The results show that, when used as input for

the program, the adjusted retroreflector coordinates improve the validation accuracy by approximately 0.5 cm.

Keywords: lunar laser ranging; observational model; accuracy analysis; estimation of retroreflector coordinates
Highlights:
e An LLR data processing model was established.

e The least-squares method is used to solve the problem of mismatch between the coordinates of the lunar retroreflector and the

lunar ephemeris.

e This paper provides a basis and ideas for further improving the accuracy of LLR data processing.
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