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A study of watt-scale picosecond laser space target ranging for a
1.2m telescope at high altitude
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Abstract: High-precision space debris measurements can provide more accurate real-time information on debris targets
and enhance the effectiveness of satellite avoidance warnings for space debris. Through the modification of the 1.2 m
aperture quantum communication telescope (altitude 3200 m) in Qinghai Province, the satellite laser ranging (SLR)
and space debris laser (DLR) experiments were carried out by using a single pulse energy of 1. 2 mJ and a repetition rate
of 1 kHz picosecond laser, in which the detection range of cooperative satellites has been extended from Low Earth Or-
bit to Geosynchronous Eearth Orbit, and the ranging accuracy was better than 2 cm. The maximum distance of space de-
bris target measurement is 1620. 5 km, the radar cross section (RCS) is 2.41 m’, and the ranging accuracy reaches
10. 64 cm. A single laser system can not only carry out centimeter-level hign-precision ranging of cooperative targets,
but also realize space debris observation. This is the first time in the world to use high repetition frequency and low pow-
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er laser ranging system to achieve high precision measurement of space debris targets, reflecting the advantages of pico-

second laser and high-altitude large-aperture telescope measurement, providing reference for developing space target la-

ser ranging in western China, and providing an effective way for space debris laser ranging system site selection and

space debris monitoring capability enhancement.

Key words: space debris, satellite laser ranging, single photon detection, high altitude, picosecond laser
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Fig.l 1.2 m Quantum telescope modification: (a) Launch telescope installation ; (b) Terminal receiving system
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Fig. 2 Block diagram of satellite/space debris laser ranging system
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Tab.1 Statistics of satellite laser ranging measurement

results

HzF5 H s BA LRIR=E s WA
1 Galileo101 B 1.28 cm
2 Galileo102 & 1.41 em
3 Qzs2 [ 26 0. 96 cm
4 Galileo206 S 1.69 cm
5 Technosat i 0.52 cm
6 Galileo216 = 0. 86 cm
7 Qzs2 [F]25 0.92 cm
8 Lares i 1.02 cm
9 Quzsl EEZ 1.19 cm
10 Qzs3 [F] 25 0. 85 cm
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13 Geoik2 e 0. 89 cm
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Fig. 4 Real-time measurement results of space debris Glob-

star(Gz)
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Table 2 Statistics of partial debris laser measurement results
& H 1Y PER 24 PR P /km Point RCS/m’ RMS/cm SFRULRCS
2021/5/29 AGENADR_B_O 1186. 4 142 2.5 15.57 1.26
2021/6/4 SJ-5(Gz) 1627.5 188 1. 56 7.91 0.22
2021/6/6 SL_16R_B_O 1598 108 1.74 282.71 0.27
2021/6/6 SL_16R_B 1816. 8 784 9.95 153. 51 0.91
2021/6/6 SL_16R_B 1757. 1 3285 8.79 154.73 0.92
2021/6/6 SL_8R_B 1464. 5 444 4. 46 279.79 0.97
2021/6/6 SL-8R_B_O 1425.3 1461 4.82 97. 67 1.17
2021/6/6 SL_16R_B_O 1488.2 1071 5.42 241. 65 1.10
2021/6/6 SL-8R_B 1905. 5 211 7. 66 28.99 0.58
2021/6/8 SICH_2(Gz) 1496. 4 2617 0.99 8.92 0.20
2021/6/8 SL-8R_B_O 1454.2 115 2 20. 55 0.45
2021/6/8 AGENADR_B_O 1348.9 231 2.5 175.13 0.76
2021/6/8 Target36095 1796. 5 1658 3.5 62.8 0.34
2021/6/9 SL-16R_B_O 1635 1205 1.74 276.76 0.24
2021/6/9 GloBstar(Gz) 2056. 4 196 2.41 10. 64 0.13
2021/6/11 SICH_2(GZ) 1404.2 8233 0.99 10. 54 0.25
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Fig. 5 Statistics of space debris measurements: (a) Distribution diagram of measurement results ; (b) Range Accuracy Distribution Map
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