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Satellite laser ranging at 10 kHz repetition rate in all day

LONG Ming-Liang"", ZHANG Hai-Feng'*, MEN Lin-Lin'?, WU Zhi-Bo'?>, DENG Hua-Rong',
QIN Si', ZHANG erlong—Pingl’2
(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, Chinaj;
2. Key Laboratory of Space Object and Debris Observation, Chinese Academy of Sciences, Nanjing 210008,
China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on the satellite laser ranging (SLR) system at Shanghai Astronomical Observatory, the laser output en-
ergy was increased by using the 885 nm end-pumped Nd: YAG amplification. Each pulse of 10 kHz was obtained near-
equal amplitude by controlling the pump gain current, Nd: YAG crystal cool water temperature and building time of re-
generation amplification. An average power of 6 W picosecond laser in a wavelength of 532 nm was obtained at a repeti-
tion rate of 10 kHz with the divergence angle of 0. 6 mrad, pulse width of 30 ps, a beam quality M* of 1. 2. The noise
levels for single photon detector at each repetition rate of 1 kHz, 2 kHz, 4 kHz, 5 kHz, 6. 25 kHz, and 10 kHz was
measured and analyzed respectively. The relationship between the false alarm probability and the ranging gating is ob-
tained. The relationship between the number (N) of noise photons and the repetition rate (f) is N = 743784.76 +
431.08f, and the relationship between the false alarm detection probability (P) and the ranging gated (Az) at the repeti-
tion rate of 10 kHz is P(A¢) =1 - e 038476 At and also the function of the number of laser echoes with noise, laser
energy and repetition are obtained, which is beneficial to design the SLR system. Therefore, it realizes the satellite laser
ranging in all day, and the farthest distance was to the synchronous orbit of Beidou Compassi6b satellite.

Key words: satellite laser ranging, 10 kHz repetition rate, noise measurement, single photon detection, synchronous
orbit
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Fig. 1 Side-pump Nd: YAG crystal amplification by 885 nm.
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Fig.2 10 kHz laser pulse waveform of laser pulse at pulse re-

peat frequency of 10 kHz (time 100 ps/div, amplitude 20 mv/
div) (a) unequal amplitude pulse in high and low, (b) equal

amplitude pulse
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Fig. 3 Noise measurement for C-SPAD single photon detec-
tor under repetition rate of 1 kHz, 2 kHz, 4 kHz, 5 kHz,
6.25kHz, 10 kHz
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Table 1 Noise photon detection and calculation at each repetition rate

number repetition rate/Hz Detection time/s

Detection noise Single pulse noise singe second noise

photon number photon number photon number

1 1 000 16.492

2 2 000 18.836 6
3 4000 18.618 8
4 5000 16. 063 4
5 6250 13.109 6
6 10 000 15.702 6

46 0.002 8 1328 205
121 0.003 2 1529 444
361 0.004 8 2308 215
490 0. 006 1 2905 155
599 0.007 3 3481273
1678 0.0107 5088 633
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The relationship between the false alarm probability
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Table 2 Parameters of satellite laser ranging system at 10 kHz

Mounted Receiving ,tele— Receiving Optical effi- C-SPADDetector
Type Optical system Narrow filter
type scope ciency efficiency
parameters R-C AZ-EL 60 cm -60% 0. 15 nm 20%
Event N
Type Tracking RMS Transmitting Optical efficiency Transmitting telescope Laser diver— gence Angle pointing accuracy
Timer(A033)

parameters -1” ~5 ps =70%

21 em 7"~10" 1"
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Fig. 6

kHz laser ranging in daytime (a) data real-time measurement,

Beidou Compassi6b satellite measurement with 10

(b) data processing after measurement.
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Table 3 Result of 10 kHz satellite laser ranging measurement

ranging precision

number date satellite name RMS/mm Time Orbit
1 2019/7/15 glonass127 22.6 nighttime HEO
2 2019/8/13 glonass122 11.5 nighttime HEO
3 2019/8/13 starlette 9.3 nighttime LEO
4 2019/8/13 Ajisai 17.1 nighttime LEO
5 2019/8/24 glonass136 21 nighttime HEO
6 2019/8/24 glonass116 23.9 nighttime HEO
7 2019/8/24 Beaconc 14. 4 nighttime LEO
8 2019/9/10 starlette 8.5 nighttime LEO
9 2019/9/10 Qzs2 14.1 nighttime GEO
10 2019/9/10 Galileo212 12.5 nighttime HEO
11 2019/9/13 Hyb 6.9 daytime LEO
12 2019/9/13 Ajisai 23.8 daytime LEO
13 2019/9/13 Beaconc 22.8 daytime LEO
14 2019/9/19 compassi5 19.8 nighttime GEO
15 2019/9/20 compassi6h 15.9 daytime GEO
16 2019/9/20 Glonass128 25.6 daytime HEO
17 2019/9/20 Lageosl 12. 1 daytime LEO
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