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Abstract; Echo photon number equation is usually used to estimate the detection distance of a space
debris laser ranging system. However, it can not exactly determine the minimum recognizable echo
number threshold. In this article, a degradation model was proposed by degrading the echo sparsity of
measured data to obtain a precision curve and to effectively evaluate the minimum recognizable echo
probability with the precision guaranteed, and then to estimate the detection distance of the ranging

system. Firstly, the relationship of efficient echo probability and ranging distance was obtained based
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on the “shutting down” effect of Single Photon Avalanche Diodes (SPADs). After that, the jumping
curves of ranging precision and efficient echo probability were drawn based on experimental data.
From the “jumping threshold” on “precision plateau” in jumping curves. the minimum recognizable
echo probability was calculated and the detection distance for typical space debris with different sizes
was obtained. The experiments for three typical space debris with Radar Cross Sections (RCSs) of
3.884 0 m*, 6.391 2 m* and 9. 855 5 m® were performed. The results show that the minimum recog-
nizable efficient echo probability is 0. 02—0. 04 with the meter-level precision guaranteed and the max-
imum detection range for these typical space debris are 820 km, 1 520 km and 2 250 km corresponding-
ly. This proposed degradation model effectively solves the problem for determining minimum recogniz-
able echo probability, and reduces experimental costs.

Key words: space debris laser ranging system; detection distance; efficient echo probability; data

sparsity; degradation model
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Fig. 1 Ranging data sparsity of space debris NORAD

10861 (inset figure is a magnified view of data

from 100 s to 110 s)
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Fig. 2 Scheme of laser ranging for space debris
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Fig. 3 Target range versus efficient echo probability

under different sky background noise ratios

and different gating periods respectively. As-

suming that e = 10 ps, wy=2X10" ¢/s, o
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Fig. 4 Target range versus efficient echo probability un-

der different noise numbers within range gate,
where (a) is 3D figure and (b) is 2D figure for
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Tab. 2 Minimum recognizable echo probabilities and system detection ranges for three typical space debris
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