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Detection ability of laser ranging system based on multi-telescopes

to receive echo signal
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Abstract: The laser echo signal will cover the certain range while laser ranging to space targets through
transmitting laser signal from the ground station. The number of laser echoes per unit time will be
obviously increased through utilizing multi-telescopes to receive signal on ground. It's very helpful to
enhance the detection ability of measuring space targets for laser ranging system. According to laser
ranging link equation and the theory of signal detecting probability, the analysis of the effect on the
detecting probability of laser ranging system with multi-telescopes to receive laser signal was performed
to research on the equivalent receiving ability. Based on the 1.56 m aperture of astronomical telescope
about 60 m far from the 60 cm telescope at Shanghai Astronomical Observatory, Chinese Academy of

Sciences, the activity of laser ranging to artificial satellites with retro-reflector was implemented to
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research on the detecting ability of dual-telescopes while simultaneously receiving laser echo signal. The

number of laser echoes had increased by 4 to 5 times compared with the aperture of 60 cm telescope

system. The effect on increasing the detecting ability of measuring space targets was obvious. Considering

the laser measuring ability of 1.56 m telescope system, the equivalent receiving aperture of 1.61 m can be

derived for 1.56 m/60 cm telescopes. The analysis on the detection ability of laser ranging to space targets

with the orbit height of 1 000 km and the size of 10 cm and number of receiving telescopes were also

performed. From the experiments the technical feasibility and advantage of multi-telescopes to receive signal

are validated, which will play an important role in the weak signal detection and laser ranging in future.

Key words: laser ranging;
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Fig.1 Probability of laser signal detection(a) and increased times(b)

vs number of receiving telescopes (GEO satellite)
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Tab.1 Major specifications of the aperture of 1.56m

and 60 cm telescopes system

1.56 m telescope 60 cm telescope

Items

system system
Optical mode R-C system R-C system
Tracking mount Equatorial Altazimuth
Focus length/m 15.6 5.2
Diameter of secondary
. 0.5 0.2
mirror/m
Effici f ivi
feleney OF TeCEVINE - s5%@532nm ~60% @532 nm
optical system
Efficiency of laser C-SPAD, 20% C-SPAD,20%
detector @532 nm @532 nm
FOV of detection/(") ~45 ~135
Tracking precision (RMS)/(") ~2 ~1

Timing system A033 Event Timer AO033 Event Timer

Efficiency of laser

L none ~70% @532 nm
transmitting system
Laser system none 1W@1 000 Hz
Diameter of laser
.. none 21 cm
transmitting telescope
Divergence of laser signal/(") none 10-12
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Tab.2 Respective probability and echo number of laser signal detection for 1.56 m and 60 cm telescopes

. . . ; . Number of Detecting Number of laser
Satellite Distance/km  Cross section o/m*'™  Receiving telescope .
photoelectron n, probability echoes per 10 s
60 cm 0.156 4-0.140 5 0.144 5-0.130 8 1445-1 308
Lageosl 6496-6 672 15%10°
1.56 m 0.9173-0.824 3 0.599 5-0.560 6 5995-5 606
60 cm 0.0453-0.043 2 0.044 2-0.042 2 442-422
Glonass126 19 797-20 032 80x10°
1.56 m 0.2127-0.202 8 0.1912-0.183 2 1912-1832
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Tab.3 Combined detection probability and echo number of laser signal detection for 1.56 m

and 60 cm telescopes

Combined false Combined detecting Number of laser

11i Fals i ili
Satellite alse detecting probability detecting probability probability echoes per 10 s
60 cm 0.855 5-0.809 2
Lageosl 0.342 6-0.381 9 0.6573-0.6180 6573-6 180
1.56 m 0.400 5-0.439 4
60 cm 0.9558-0.9578
Glonass126 0.342 6-0.381 9 0.2269-0.2176 2269-2 176
1.56 m 0.808 8-0.816 8
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60 cm telescopes per 10s from Lageosl(a)fil Glonass128
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telescope to measure space targets with the distance
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