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Experiment of laser ranging to space debris by using two

receiving telescopes
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Abstract: For laser measurement to space debris adopting large aperture telescope will help to increase
the ability of detecting laser echoes. According to laser link equation adopting multi-relative-small
aperture telescopes could achieve the ability of receiving the laser echoes from one large aperture
telescopes and the disadvantages for the large telescope, such as fast tracking ability, system running
maintance and so on could be offest and with the measuring ability and efficiency. Based on the 1.56 m
aperture of astronomical telescope about 55 m far from the 60 cm telescope at Shanghai Astronomical
Observatory Chinese Academy of Sciences, the method of laser measurement with two receiving
telescopes have been investigated and the observing experiments of space debris for the first time in
China are also performed to validate the feasibility of synchronously receiving laser echoes by multi-
receiving telescopes. It is indicated from the measuring results that the receiving ability for 1.56 m

telescope is approximate three or four times higher than that of 60 cm telescope and the equivalent
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receiving aperture of 1.65 m telescope can be derived, which will play an important role in high

precision laser ranging to far-distance and small-size space debris in future.
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Fig.1 Sketch map of laser ranging to space objects with mulit-

receiving telescopes
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Tab.1 Coverage of laser echoes from the space
targets equiped with laser retroreflector

at the different distance and laser divergence

Diameter of

L
Distance/km o " footprint of laser
divergence/(")
echoes/m
LEO 600—1 500 18-24 <174
MEO 19 000-22 000 10-12 <1279
GEO 36 000-38 000 6-8 <1473
Moon ~380 000 3-4 <7369
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Fig.2 Structure of space debris laser ranging system
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(a) Relative position of two telescopes

(c) 60cm aperture telescope

(b) 1.56 m aperture telescope
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Fig.3 Aperture of 1.56 m and 60 cm telescopes at Shanghai

Astronomical Observatory
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Fig.4 Performance of 1.56 m telescope for tracking space debris
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Tab.2 Major specifications of the aperture of

1.56 m 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 7.8m 5.2m
Diameter of
. 0.55m 0.2m
secondary mirror
Efficiency of
receiving optical ~60% @532nm ~75% @532 nm
system
Eftici f las C-APD,40% _
iciency of laser \ o APD.40% @532 nm
detector @532 nm
FOV of detection ~90" ~135"
Tracking precision <o <1

(RMS)

Timing system A033 event timer A033 event timer

Efficiency of laser

. - ~60% @532nm
transmitting system
Laser system - 60 W@200 Hz
Diameter of laser
- - 21 cm
transmitting telescope
Divergence of laser .
- ~10

signal
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Tab.3 Results of laser measurement to space debris from 1.56 m telescope

Start time Length of pass

Date NORAD ID RCS/m? Orbit height/km (UTC) /min Points Precision/cm
2014/12/05 24969 3.9 780 10:07:55 0.79 380 81.1
2014/12/05 32957 6.5 1500 10:51:58 0.81 153 55.4
2014/12/05 16511 4.3 990 11:26:52 2.4 1078 92.1
2014/12/22 28061 6.1 1010 10:34:08 4.44 3441 91.6
2014/12/22 21090 4.7 990 10:53:20 2.45 251 131.9
2014/12/22 02940 1.6 860 11:02:32 1.3 471 48.9
2014/12/22 21734 7.2 1530 11:31:00 3.01 161 70.4
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Fig.6 Statistic of laser echoes per 10 seconds at the same time for

1.56/60 cm telescopes
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Fig.7 Statistic of ratio of laser signal to noise per 5 seconds

at the same time for 1.56/60 cm telescopes
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