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Launching artificial satellites to the vicinity of celestial
bodies is a primary means for humans to explore target
celestial bodies.

During the flight process, the artificial satellite needs to
perform multiple orbital controls and maneuver to its
predetermined orbit.

In this process, the determination of the satellite's orbit is
crucial, and satellite laser ranging is the most effective
technical means for precisely measuring the distance to the
satellite.

The mode of Lunar Laser Ranging

The distribution of lunar retroreflectorsLLR at YNAO
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CPF（Consolidated Prediction Format）:
 CPF is a standardized file format used for storing and exchanging satellite orbit prediction data. The CPF

file contains key information required for satellite laser ranging
 The CPF file is a key component in satellite laser ranging activities, ensuring that ground stations can

accurately point to the satellite and emit laser pulses at the right time for precise distance measurements.

CPF

Position : The position vector of the satellite at specific timestamps.

Satellite Identification: The name or number of the satellite, used to identify a 
specific satellite.

Time Markers: The predicted time range, including start and end times.
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The differences between Lunar Laser Ranging (LLR) and Satellite 
Laser Ranging (SLR) in Consolidated Prediction Format (CPF) files.

For circumlunar satellites, the generation 
format of the LLR CPF files should be 
utilized.
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Coordinate system transformation (ITRS to ICRS)
The coordinates of the station are in the ITRS , while the coordinates of the circumlunar 

satellite are described in the ICRS. Therefore, we need to uniform it to the same coordinate 

system.

Time conversion :(UTC to TDB)

The observation station uses UTC , while the ephemeris is TDB time. It is necessary to 
unify the time to TDB.

General Relativity effects：
Due to the gravitational effects of celestial bodies such as the Sun, Earth, and Moon, lasers will experience varying 
degrees of bending as they propagate through gravitational fields.  Thereby increasing the light time. This experiment 
uses the gravitational bending equation from the IERS2010 Conventions to calculate this correction value. The 
formula is as follows:
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(1) Starting from the geometric position at the given 𝑇 (initial) epoch, calculate 
the estimated light time 𝐷𝑇 from the observer to the celestial body to obtain 
the initial distance 𝐿.

(2) Based on the motion velocity of the celestial body, compute the new 
position at 𝑇  𝐷𝑇 (Initial time plus light time)and recalculate the distance 𝐿ଵ, 
estimating the light time 𝐷𝑇ଵ.

(3) Based on the motion velocity of the celestial body, compute the new 
position at 𝑇  𝐷𝑇ଵ and recalculate the distance 𝐿ଶ, estimating the light time 
𝐷𝑇ଶ.

(4) When 𝐷𝑇-D𝑇ିଵ difference of light time is approximately equal to zero, 
the precise light time 𝐷𝑇is determined, from which the accurate apparent 
position of the celestial body can be determined

Methods
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Conclusion: The difference between the laser transmission and reception positions and the 
CPF file published by the ILRS shows that the difference in the longitude direction in the 
geocentric coordinate system is 0.2 arcseconds, and the latitude difference is less than 0.1 
arcseconds. Further experiments indicate that this difference does not increase when 
transformed into the observation station's coordinate system. Therefore, the differences in the 
longitude and latitude directions of the generated file are both better than the pointing 
accuracy of 1 arcsecond of the 1.2-meter telescope at the Yunnan Observatories, indicating the 
feasibility of the CPF file.
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Generate CPF file of LRO(Lunar Reconnaissance Orbiter)

The generated file complies with the format for lunar laser ranging 
and can meet the needs for ranging of circumlunar satellites.
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