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Abstract In this paper, using high-precision timers, photoelectric detectors, and other equipment, the laser
transmitting and receiving system delays for a 60-cm receiving telescope aperture system at the Shanghai
Observatory are measured and calibrated, with a transmitting telescope aperture of 21 cm. By comparing the result
of a target measurement by a space debris laser ranging (SDLR) system on the ground with the measured results of
the conventional target measurement, we find that the calibration error of delay is approximately 400 ps. On this
basis, using a high-precision clock system in a laser ranging system, SDLR is achieved for the first time in China
using a single telescope to send laser pulses and double telescopes with a distance of 2.5 km to receive laser echoes,
solving the problem of detection range gate control of echo signals from the remote telescope. This system realizes a
range distance of over 1000 km. The proposed method demonstrates the ability to receive laser echoes from space
debris from a remote distance on the ground with multiple telescopes.
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Fig. 1 Structural diagram of Shanghai Observatory’s satellite laser ranging system
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Table 1 Main performance parameters of telescope systems located in Sheshan and Science and Technology Park

Type

Telescope in Sheshan

Telescope at Science and Technology Park

Optical system
Mounted type
Focus length /m
Receiving optical efficiency
Detector
Detection field of view /(")
Tracking root-mean-square /(")
Event timer
Transmitting optical efficiency
Laser power
Transmitting telescope diameter /cm

Angle of laser divergence /(")

R-C
AZ-EL
5.2
60% @532 nm
20% @532 nm
90
1
A033
70% @532 nm
60 W@200 Hz
21
10-12

R-C
AZ-EL
5.2
60% @532 nm
40% @532 nm
135
1
A033
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(a) Transmitting telescope; (b) receiving telescope

F2 UL BN A A B 0 4

Table 2 Measurement results for space debris with two telescopes

Ranging precision /cm

1D Name of space debris RCS /m? Measured distance /km
Main telescope Fellowing telescope
21610 ArianeR_B 16.84 1390 129.2 149.0
16182 SL-16R_B 12.05 1030 141.0 141.7
11672 SL-14R B 4.21 1160 56.2 64.7
16720 SL-14R_B 3.58 1170 74.9 62.2
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