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Experiment of satellite laser ranging in daytime based on

1 064 nm wavelength
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Abstract: At 1 064 nm, the atmospheric transmittance is high and the sky background radiation is small. The use
of this laser to carry out satellite ranging is helpful to improve the observation capability of ranging system, and
satellite laser ranging of the 1 064 nm has become one of the important development trends of international laser
ranging technology. Based on the filter with a bandwidth of 2.2 nm, the noise of the 1 064 nm ranging system was
calculated and tested in the daytime, which verified the suppression effect of this filter on the background noise
during the day. With the help of the infrared camera at night, the coincidence between transmitting light path and
the mechanical axis was realized based on the circular center method, which ensured the laser pointing accuracy is
better than 5" in all-sky area and solved the problem that the laser pointing at 1 064 nm needs real-time
monitoring in the daytime. Based on the 1 064 nm laser with a repetition frequency of 1 kHz and a power of 5 W,
Shanghai Astronomical Observatory established the 1 064 nm daytime satellite laser ranging experimental system.
At the farthest, the effective echo data of geosynchronous orbit satellite was obtained. The experimental study will

lay a technical foundation for the application and development of 1 064 nm laser ranging in long-distance satellite
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and diffuse reflection laser ranging in space debris.
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Tab.1 Parameter description of noise calculation

formula
Parameter Description
A Photoelectron rate of satellite laser ranging system
Py System noise power
h Planck's constant,6.63x107* J-s™!
v Optical frequency, 2.8x10" Hz

Receiving field of view angle, 7.85x10° sr

A, Receiving area, 0.251 m*

7, Reception efficiency of telescope optical system, 0.37
1q Quantum efficiency of detector, 0.2

N, Daytime sky spectral brightness

9, FWHM of narrow filter, 2.2 nm

FAX PRSI RZE N, HS%H L
Wk [7] BT EK BH e £f AE 67.57°FF T A, 1 064 nm I K
BFF AT Y K 25 15 S5 290 0.6~0.8 uW-sr -cm nm !,
HS TR RAF S 4 24 9.8~13.1 MHz,
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Tab.2 Measured results ofbackground noise at1064 nm

in daytime
Group Angle with the sun/(°) 1 064 nm noise/MHz
1 59 10.7
2 62.5 11.8
3 58.8 11.2
Average 60.1 11.3
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Fig.1 1064 nm laser pointing monitoring diagram at night
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Fig.2 Schematic diagram of laser transmitting path
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Fig.3 Schematic diagram for adjustment of axis coincidence of
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Tab.3 Distance between the eyepiece and the objective lens of the transmitting telescope with different wavelengths

(Unit: mm)
Item Eyepiece lens-532 nm  Objective lens-532 nm  Eyepiece lens-1 064 nm  Objective lens-1 064 nm

Refractive index 1.5196 1.5196 1.5105 1.5105

Radius of curvature 1 —96.41 0 -96.41 )
Radius of curvature 2 =704 —515.35 =704 —515.35

Thickness of glass 6 22 6 22
Focal length —215.72 991.82 —219.55 1009.5

Distance between objective and eyepiece lens 776.10 789.95
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Fig.4 Schematic diagram of receiving terminal
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(a) Real time ranging interface of Glonass132
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(b) Data preprocessing interface of Glonass132
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Fig.5 Real time ranging interface and data preprocessing interface of different satellites
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Tab.4 Satellite laser ranging results of 1 064 nm in daytime

Date Time/UTC Satellite Distance/km Point Precision/mm
2018.11.23 22:05:13 Lares 2499.54 8047 10.3
2019.01.22 9:26:13 Glonass132 19 856.53 2 658 24.4
2019.01.22 9:30:23 Compassgl 37268.53 298 223
2019.06.14 7:36:17 Ajisai 3577.05 57212 10.5
2019.06.14 7:57:51 Galileo201 17 436.90 4990 12.7
2019.06.14 8:44:7 Lares 2 499.54 5505 15.4
2019.06.14 8:41:31 Glonass133 19 475.90 3947 23.9
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