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Table 1 53 cm binocular laser ranging system parameters

Parameters Value
Pulse width/ps 100
Pulse energy/(mJepulse ) 1
Laser divergence angle/(") 5
Optical efficiency of transmitting system 0.62
Effective area of receiving telescope/m’ 0.18
Optical efficiency of receiving system 0.32
Quantum efficiency of detector 0.2
Beam diameter of laser emission/m 0.1
2.442

Ground target distance/m

-0.44

LAGEOS

Walk error/cm

—0.46 -
t
—0.48F Ground target
2.0 2.1 2.2 23 2.4 25 2.6 2,7

N/count

B4 LAGEOSTEMmMBHERATHAZIHANELRLZZMETER
Fig.4 The difference of walk error caused by the difference of echo photon number between LAGEOS satellite and ground target
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Analysis and Research of Walk Error Based on High-precision Satellite
Laser Ranging Data

LI Zhifei", TANG Rufeng', ZHAI Dongsheng""*, LI Zhulian"”*, FU Honglin""*,
HUANG Kai’, CAO Jin"*", LI Yugiang"™'
(1 Yunnan Observatories, Chinese Academy of Sciences, Kunming 650216, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Key Laboratory of Space Object & Debris Observation, PMO, Chinese Academy of Sciences, Nanjing 210023, China)
(4 Yunnan Key Laboratory of the Solar Physics and Space Science, Kunming 650216, China)
(5 College of Mathematics and Physics, Leshan Normal University, Leshan 614000, China)

Abstract: Satellite laser ranging is one of the most accurate astronomical and geodynamic measurements.
At present, the detectors used by most stations in the world are single-photon avalanche diodes. Due to the
detection characteristics of single-photon avalanche diodes, energy fluctuations will cause walk errors in
each ranging data during every daily observation. The existence of walk error limits the development of
satellite laser ranging to higher precision, so it needs to be studied. This study first introduces the detection
principle of single photon avalanche diodes, and explains why walk error exists in single photon avalanche
diodes: the fluctuation of the number of echo photons. Secondly, based on the detection principle of the
single photon avalanche diode, the theoretical calculation of the walk error and the calculation method of the
photon number of the laser ranging echo are deduced. The method for calculating the number of photons can
calculate the number of echo photons corresponding to the satellite laser ranging original data. According to
the data processing protocol of satellite laser ranging, the data processing of satellite ranging data should be
combined with the ground target ranging data. However, satellite echo photon numbers and the ground target
echo photon numbers cannot be guaranteed to be strictly consistent, so there will still be walk error in the
processed data. The simulation result of laser ranging of LAGEOS satellite and ground target can show the
difference in echo photon numbers and walk error of two targets, which can explain the question above.
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Furthermore, a compensation method for the walk error of the satellite laser ranging measured data
combined with the theoretical model is proposed. The operation process of the method is as follows: first,
signal identification, photon number calculation, and walk error calculation are performed on the ground
target laser ranging data; then, signal identification, photon number calculation and walk error calculation
are performed on the satellite laser ranging data; at last, the difference between the two walk errors is
added to the satellite laser ranging results. Combining the proposed method of calculating the number of
echo photons with the simulation based on the 53 cm binocular laser ranging telescope of the Yunnan
Astronomical Observatory of the Chinese Academy of Sciences, the calculation results of the echo photons
numbers are obtained. Then we apply the walk error compensation method to the data processing process of
the corresponding data. In this way, walk errors in the satellite laser ranging data can be compensated. We
select the satellite laser ranging data from the laser ranging data of 6 satellites to practice this method and
analyze the results. The data is part of the laser ranging data of Ajisai, Jason-3, KOMPSAT-5, LARES,
Stella, and Swarm-B from 2017 to 2022. Among them, the five-year average compensation value of
Ajisai is 41.9 ps (1.257 ¢cm) , Jason—3 is 28.5 ps (0.855 cm), KOMPSAT-5 is 28.7 ps (0.861 cm) ,
LARES is 34.7 ps (1.041 ¢cm) , Stella is 22.6 ps (0.678 cm), Swarm-B is 450.7 ps (13.521 cm). At the
same time, the maximum correction value appeared in the Swarm-B ranging data on January 5, 2020,
which was 770 ps. This means the data exists a distance deviation of 23.1 cm. The reason is that Swarm—B
satellite owns a low orbit altitude and its running speed is fast, which lead to low tracking accuracy of the
telescope. As a result, the echo photon numbers will fluctuate more than other High—Orbit Satellite. In this
study, we analyze and study the cause, simulation of walk error and how to compensate for it. The results
show that using the proposed walk error compensation method in this study to process satellite laser ranging
data can reduce the distance measurement value fluctuation caused by the fluctuation of the number of echo
photons in the laser ranging data of each satellite. As a result, it can correct walk errors caused by energy
changes in the data and improve data quality.

Key words: Laser ranging; Single photon detection; Walk error; Data processing; Ranging accuracy
OCIS Codes: 040.1345; 040.1880; 140.3460

Foundation item: National Natural Science Foundation of China (Nos. 12003065, 12033009, 12293034 ) , Science and Technology Plan of Yunnan
Provincial Department of Science and Technology (No. 202101AU070115) , Yunnan Provincial Innovation Team (No. 202005AE160056)

0552222-9



	1.1　漂移误差产生的原因

