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Development of Multiple Pulse Picosecond Laser with 1 kHz Repetition
Rate and Its Application in Space Debris Laser Ranging
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Abstract The peak power of ultra-short picosecond pulses is high, and the realization of the large energy output is
difficult. The single pulse is divided into multiple adjacent pulses, which can increase the total energy of the pulse
envelope and increase the laser output power. A single-channel mode-locked picosecond seed laser output with an
optical-to-optical conversion efficiency of 39.3% is designed and obtained, and a method of dividing a single pulse
into multiple pulses is proposed. By using Bragg volume grating ( VBG) pulse broadening, multiple pulse
generation, regeneration amplification, traveling wave amplification, and frequency conversion, a laser output at

532 nm with four pulses, 1 ns pulse spacing, 10 W output power, 10 m] pulse envelope energy, 100 ps pulse width
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of the single pulse, 1.67 beam quality, and 1 kHz repetition frequency is obtained. Through the thermal lens effect

pumped by the laser module, the laser output emission angle can be adjusted continuously and accurately by

adjusting the pump current, and the minimum divergence angle is 0.2 mrad. The designed method is applied to the

space laser ranging station of Shanghai Observatory to carry out the ranging of multiple space debris, and the

ranging accuracy is 16.44 cm. The results show that multiple pulses can increase the total laser output energy and

laser output power, which provides an effective technical way to improve the ability of space debris laser ranging

detection.

Key words laser optics; picosecond laser; space debris laser ranging; multi pulses; single photon detection
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Fig. 1 Optical principle diagram of multiple-pulse picosecond laser at kHz repetition rate
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Fig. 7 Diagram of space debris laser ranging system at the Shanghai observatory of Chinese Academy of Science™
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Table 1 Results of laser space debris ranging with multi-pulse picosecond laser
Number Date Name RCS /m* Root mean square /cm Measured distance /km
1 2020-03-15 SL-14R_B 4.6 31.06 727.5-749.0
2 2020-03-15 Cz-2c-r-bl_Gz 10.7 16. 44 1083.4-1150. 7
3 2020-03-18 Delta2R_B 9.8 118.17 1006.4-1049. 3
4 2020-03-18 SL_DEB(814) 7.5 28.65 836.7-899. 4
B) 2020-03-18 DELTA2R_B_O 5.5 64.27 1100. 3-1162. 9
6 2020-03-18 SL-3R_B 6.6 150. 51 643. 8-646.5
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