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Table 1 Key parameters of lasers at each laser station

T BotfeE/ml BokEHUHz  WoblkYE/ps K /nm

McDonald 1200 10 2000 532
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Grasse 300 10 250 532/1 064
Matera 100 10 50 532
Wettzell 180 10 80 1064
ZHARXE 300 100 80 000 1064
RE G 300 100 80 1064
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Table 3 Simulations of observation windows simulation for

January - February 2026
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Table 4 Parameters affecting echo rate in laser ranging

1 1/7 0:03 1/7 3:20 19 3.283
2 1/7 5:19 1/7 7:35 19 2.267
3 1/8 1:01 1/8 4:47 20 3.767
4 1/8 5:18 1/8 7:35 20 2.283
5 1/9 1:58 1/9 7:35 21 5.617
6 1/10 2:56 1/10 7:35 22 4.650
7 1/11 3:57 1/11 7:35 23 3.633
8 1/12 5:01 1/12 7:35 24 2.567
9 1/13 6:09 1/13 7:35 25 1.433
10 1/23 19:07 1/23 20:40 5 1.550
11 1/24 19:08 1/24 21:40 6 2.533
12 1/25 19:26 1/25 22:39 7 3.217
13 1/26 20:35 1/26 23:40 8 3.083
14 1/27 21:38 1/28 0:42 9 3.067
15 1/28 22:41 1/29 1:47 10 3.100
16 1/29 19:11 1/29 20:39 11 1.467
17 1/29 23:44 1/30 2:51 11 3.117
18 2/6 0:48 2/6 7:29 19 6.683
19 2/7 1:49 2/717:29 20 5.667
20 2/8 2:53 2/87:28 21 4.583
21 2/9 4:00 2/97:28 22 3.467
22 2/10 5:08 2/107:27 23 2.317
23 2/11 6:16 2/117:27 24 1.183
24 2/21 19:26 2/2120:27 5 1.017
25 2/2219:26 2/2221:28 6 2.033
26 2/2319:27 2/2322:30 7 3.050
27 2/2420:28 2/24 23:33 8 3.083
28 2/2521:30 2/26 0:37 9 3.117
29 2/26 22:33 2/271:39 10 3.100
30 2/2719:29 2/2720:39 11 1.167
31 2/27 23:55 2/28 2:37 11 2.700
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Fig. 3 Factors affecting laser ranging
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Fig. 8 Influence of aberration difference on success rate of ranging
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Table 6 Analysis of influencing factors of echo rate in
observation windows

gg WERHR B Hkm B2 (D WA (D EEE
1 36.923~37.941 1.428~2.941 30.084—~69.820 0.110~2.470
2 37.073~37.514 1.476~1.777 42.479~69.987 0.122~1.748
3 37.872~38.740 0.987~2.501 30.177~69.940 0.110~3.760
4 37.703~37.962 1.991~3.068 49.374~69.985 0.131~2.265
5 38.611~39.439 0.747~2.359 30.114~63.350 0.103~4.911
6 39.546~40.050 0.598~0.897 30.038~56.589 0.359~5.244
7 40.188~40.551 0.524~0.676 30.081~50.444 0.377~5.195
8 40.668~40.921 0.500~0.692 30.047~44.942 0.359~5.011
9 41.002~41.143 0.569~0.715 30.057~38.706 0.344~4.632

10 36.784~37.034 1.611~1.738 30.372~48.510 0.112~1.585
36.290~36.615 1.435~1.612 30.252~60.560 0.123~2.211
12 35.872~36.238 1.330~1.528 30.337~69.873 0.143~2.882
13 35.538~35.908 1.279~1.486 30.246~69.879 0.159~3.309
14 35.262~35.639 1.258~1.481 30.369~69.931 0.165~3.552
15 35.079~35.468 1.283~1.515 30.241~69.835 0.159~3.448
16 35.062~35274 1.416~1.537 51.167~69.665 0.170~2.635
17 35.022~35.420 1.361~1.572 30.362~69.994 0.147~2.958
18 39.400~39.604 0.480~0.807 30.027~58.001 0.371~~5.750
19  39.990~40.159 0.479~0.836 30.031~51.843 0.340~5.387
20 40.481~40.603 0.484~0.873 30.080~46.367 0.310~5.063
21 40.828~40.914 0.522~0.913 30.112~41.745 0.285~4.791
22 40.991~41.061 0.637~0.964 30.014~38.164 0.261~4.424
23 40.949~41.008 0.831~1.047 30.100~35.079 0.230~3.726
24 36.031~36.094 1.344~1.466 30.363~43.297 0.162~2.650
25 35.790~35.891 1.228~1.461 30.320~56.582 0.167~3.526
26 35.664~35.765 1.166~1.494 30.290~69.786 0.160~4.067
27  35.632~35.720 1.232~1.566 30.330~69.874 0.144~3.596
28 35.700~35.764 1.363~1.675 30.264~69.808 0.130~2.725
29 35.883~36.042 1.555~1.819 30.307~69.799 0.131~1.875
30 36.639~36.687 0.911~1.020 54.344~69.598 0.406~5.429
31 36.204~36.757 1.035~2.016 30.408~65.919 0.130~4.559
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Implementation Approach of Bidirectional Laser Ranging Technology

for “Tiandu-1" Circumlunar Satellite

2

CHEN Xiao"“?, FANG Zhen', ZHAI Dongsheng’, LI Haiyang"’, CHENG Zhien',

CUI Wei"*, HAN Xida’, JIN Jie'
(1. Deep Space Exploration Laboratory, Institute of General Technology, Deep Space Exploration Laboratory, Hefei 230031, China;
2. Shanghai Institute of Satellite Engineering, Shanghai 201100, China;
3. Yunnan Observatories, Chinese Academy of Sciences, Kunming 650216, China;
4. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
5. TianQin Center, Sun Yat-sen University, Zhuhai 519082, China)

Abstract: To address the problem that the success rate of two-way laser ranging for “Tiandu-1” communication and navigation
test satellite is constrained by multiple factors and lacks a systematic mission-planning strategy, a comprehensive solution
integrating time-window optimization and key parameter regulation was proposed. By constructing a time window model for lunar
satellite laser ranging, the optimal observation period was determined. A mathematical model was developed incorporating factors
such as light aberration, ranging distance, and atmospheric attenuation, followed by numerical simulations. A quantitative analysis
of the influence mechanism of each factor on the success rate was made. Results show that satellite aberration was the major
influencing factor, which, when optimized, improved the success rate by more than three times. In particular, observation
conditions with satellite elevation angles exceeding 30°, near-Earth geometries, and favorable atmospheric conditions can
significantly enhance the echo return rate. Based on simulation results, an optimized observation window selection strategy was
proposed for “Queqiao” satellite mission planning, providing a universal approach to enhancing the success rate of lunar orbital
laser ranging.
Keywords: lunar-orbiting satellite laser ranging; laser ranging system; laser ranging time window; laser ranging success
rate
Highlights:
e This paper summarizes and analyzes the existing two-way laser ranging technology for Earth-Moon space and examines the
constraints and patterns of laser ranging observation windows.
e [t conducts numerical simulations to evaluate key factors influencing laser ranging performance and proposes methods to improve
the success rate of two-way laser ranging for Earth-Moon spacecraft.
e [t proposes an optimized laser observation window scheme for mission planning based on the simulation results of window

constraints and influencing factors.
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