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Application of satellite laser ranging to precise orbit determination of cislunar
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Figure 1 (Color online) Measurement modes of satellite laser ranging. (a) retroreflector-based satellite laser ranging; (b) asynchronous one-way
interplanetary laser ranging; (c) asynchronous dual one-way interplanetary laser ranging.
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Figure 2 (Color online) Large single corner cube retroreflector
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Figure 3 (Color online) Distribution of radiometric and satellite laser
ranging observations for DRO-A.
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Table 1 Time distribution of radiometric and satellite laser ranging
observations for DRO-A during the experiment.
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Figure 4 (Color online) Distribution of radiometric and satellite laser
ranging observations for TD-1.
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Table 2 Time distribution of radiometric and satellite laser ranging
observations for TD-1 during the experiment.
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Figure 5 (Color online) Residual diagram of the radiometric ranging
after orbit determination for DRO-A and TD-1 satellites
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Figure 6 (Color online) Laser ranging validation for precise orbit
determination using radiometric ranging for the DRO-A satellite.
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Table 5 Precise orbit determination and 1-day orbit prediction of the DRO-A satellite for different observation arcs.

P E =R (m)
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1 Kk KT sE 1 AN TED
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3REH 1429 194.46 602.93 633.68 i 18m i (3 AN T E)
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Table 6 Precise orbit determination and 1-day orbit prediction of the TD-1 satellite for different observation arcs.
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20 W AN
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Figure 8 (Color online) Residual diagram of the laser ranging after
orbit determination for DRO-A and TD-1 satellites
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Figure 9 (Color online) Orbit overlap errors of DRO-A and TD-1

satellites from precise orbit determination based on the fusion of
radiometric ranging and laser ranging data.
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Table 7 Overlap orbit errors of the DRO-A and TD-1 satellites after precise orbit determination.

T E frE %= % (m) THFE 2 7 (mm/s)

R T N Total R T N Total
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}:YDI_}XB e 21.09  375.17 538.70  656.81  6.15 0.77 4194 4239
E?(EH%&)‘%UHUEE 8.73 61.56 167.99 179.13 073 077 12.15 12.19
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Application of satellite laser ranging to precise orbit determination of
cislunar spacecraft
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Highly precise orbit determination is essential for future cislunar exploration missions. In April 2025, satellite laser ranging (SLR)
experiments were successfully carried out for the Tiandu-1 navigation and communication technology demonstration satellite (TD-1)
and the Distant Retrograde Orbit satellite (DRO-A). Based on the cislunar SLR data obtained in TD-1 and DRO-A missions, this
paper presents the world’s first experiment on orbit determination of cislunar spacecraft using the SLR data. First, the high-accuracy
SLR data were used to externally validate the orbit determination results derived from radiometric ranging data of China’s
deep-space tracking network. The results show that the radial orbit determination accuracy is better than 5 m for DRO-A and better
than 20 m for TD-1. Then, the orbit prediction accuracy required by cislunar SLR was analyzed. The results show that two-day arcs
of ground-based radiometric tracking data are sufficient to satisfy the SLR orbit prediction requirements for both DRO-A in the
Earth-Moon 2:1 resonant trajectory and TD-1 in the Earth-Moon free-return trajectory. In addition, laser-radio common-view
observations can facilitate cislunar SLR tracking and reduce the reliance on highly accurate predicted orbits. Finally, joint orbit
determination was performed by combining radiometric ranging data and SLR data. The three-dimensional overlap position accuracy
is improved from 656 m to 179 m for TD-1, and from 854 m to 266 m for DRO-A. These results demonstrate the potential of SLR
for orbit determination of cislunar spacecraft.

satellite laser ranging, cislunar space, precise orbit determination, multi-source data fusion, laser validation
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