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Abstract  Accurate determination of satellite orbit is the foundation of providing the navigational service for
navigation satellite system. Beidou navigation system is the new generation of navigation satellite system which has
been developed independently in China. The Beidou satellites are equipped with laser retro-reflectors and the satellite
laser ranging with the precision of centimeter or millimeter-level is regarded as the independent external calibration
for the accurate measurement of Beidou satellite orbit and the microwave measurement system. In order to increase
the laser observation performance of Beidou satellites, the improvements of daylight laser beam monitor, telescope
fine tracking, noise filtering and so on are made, which make Shanghai laser station the first one to observe the
synchronous orbit satellites in the daytime among the global laser ranging stations. Based on the international laser
ranging observation mechanism, the global laser ranging campaign for Beidou satellites observation experiments is
being implemented. Laser observation data of about 28 laser stations are obtained, which compensate the limitation
of domestic stations. This provides a way for the domestic satellites to obtain the observation data of foreign
stations. Using laser observation data from the global stations, the studies of the independent orbit determination
and checking the accuracy of broadcast ephemeris for Beidou satellites are carried out. The results are applied in the
performance evaluation of Beidou navigation satellite system.
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Table 1 Performance parameters of satellite laser retro-reflectors on COMPASS MEO and GEO/IGSO

Parameter MEO GEO/IGSO
Size 31.2 em X 28.0 cm X 3.0 cm 48.9 cmX43.0 cmX3.0 cm
Diameter of corner cube 33 mm 33 mm
Number of corner cube 42 90
Reflective area 360 cm? 770 cm’
Material Fused silica Fused silica
Dihedral offset 0.6" 0.5"
Weight 2.45 kg 4.85 kg
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Fig. 5 Results of kHz laser ranging of COMPASS-I3 satellite in the daytime
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Table 2 Overview of Beidou regional navigation satellites for international SLLR

Information COMPASS-G1 COMPASS-13 COMPASS-15 COMPASS-M3
Orbit type GEO 1GSO 1GSO MEO
Altitude 35793 km 35790 km 35790 km 21528 km
Inclination 1.53° 55.6° 55.6° 55.0°
Longitude of central sub-satellite point 140°E 120°E 95°E —
Launch date 2010-01-17 2011-04-10 2011-12-01 2012-04-29
First SLR tracking date 2012-04-28 2012-04-27 2012-07-06 2012-07-11
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Table 3 Total passes of Beidou satellites global laser ranging observation

Satellite

Station Remarks (country/telescope
GEO-1 1GSO-3 1GSO-5 MEO-3  Subtotal

aperture/laser information)

Shanghai 92 99 108 51 350 China/0.6 m/1 mJ@1000 Hz
Changchun 335 358 331 248 1272 China/0.6 m/1 mJ@1000 Hz
Beijing Fangshan 9 31 28 10 78 China/0.6 m/1 mJ@1000 Hz
Yarragadee 359 483 505 297 1644 Australia/0.76 m/100 mJ@10 Hz
Mt Stromlo 32 102 48 150 332 Australia/1 m/21 mJ@60 Hz
Koganei 19 4 1 3 27 Japan/1.5 m/50 mJ@20 Hz
Komsomolsk 2 2 3 2 9 Russia/0.25 m/2.5 mJ@300 Hz
Grasse — 26 115 113 254 France/1.54 m/250 mJ@10 Hz
Matera — — 160 229 389 Ttaly/1.5 m/100 mJ@10 Hz
Wettzell — 36 117 143 296 Germany/0.75 m/100 mJ@20 Hz
Simeiz — — 2 — 2 Ukraine/1 m/80 mJ@10 Hz
Katzively — — 7 8 15 Ukraine/1 m/100 mJ@10 Hz
Greenbelt — — — 92 92 USA/0.762 m/100 mJ@10 Hz
Monument Peak — — — 110 110 USA/0.762 m/100 mJ@10 Hz
Tahiti — — — 42 42 France/0.762 m/100 mJ@10 Hz
SanJuan — — — 117 117 China&. Argentina/0.6 m/50 mJ@20 Hz
Hartebeesthoek — — — 16 16 South Africa/0.762 m/100 mJ@10 Hz
Herstmonceux — — 56 114 170 UnitedKingdom/0.5 m/0.5 mJ@2000 Hz
Zimmerwald — 1 140 204 345 Switzerland/1 m/10 mJ@110 Hz
Graz — 25 111 140 276 Austria/0.5 m/0.4 mJ@2000 Hz
McDonald — — — 2 2 USA/0.75 m/80 mJ@10 Hz
Simosato — — — 24 24 Japan/0.75 m/60 mJ@5 Hz
Golosiiv — — — 3 3 Ukraine/1 m/15 mJ@15 Hz
Concepcion — — — 3 3 Chile/—
Altay — 6 7 2 15 Russia/0.6 m/2.5 mJ@300 Hz
Svetloe — — 2 2 4 Russia/0.25 m/2.5 mJ@300 Hz
Zelenchukskya — — 3 4 7 Russia/0.25 m/2.5 mJ@300 Hz
Arkhyz — — — 2 2 Russia/0.25 m/2.5 mJ@300 Hz
Total 848 1173 1744 2131 5896
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