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Abstract The signal-to—noise ratio (SNR) of space debris laser ranging (DLR) data is too low to extract the
effective echo with fast and effective methods. To solve this problem, a DLR echo extraction method based on
randomized Hough transform (RHT) is proposed. Considering the time correlating property of O—-C residuals’
adjacent echo, the effective echo extraction problem is transformed to the curve recognition of the image space.
N pixels that determine a curve are randomly picked and they are mapped into one point in the parameter space.
The parameter score accumulation strategy is used for curve recognition in the parameter space, which extracts
the effective echo. The processing of DLR data of Yunnan Observatory shows that this method can extract echo
signal on the approximated curve effectively with high speed, small storage and low misdetection rate. And it
provides a new thought for fast and automatic DLR echo extraction.
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Table 1 Laser ranging results of Yunnan Observatory’s space debris

Object Date Perigee /km Apogee /km Size /m Ranging /km Echo
17590 20110125 832.1 842.3 10.4x3.9 1146~1824 75
10517 20110124 477.4 1784.0 6.4%2.0 841~1489 73
25400 20110126 801.3 814.9 10.4%3.9 1171~1616 76
18403 20110127 934.9 1020.0 6.0x2.4 1162~1741 31
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Fig.3 Laser ranging results of Yunnan Observatory's space debris when the quantity is 17590.

(a) Original data; (b) data processed by RHT
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Fig.4 Laser ranging results of Yunnan Observatory’s space debris when the quantity is 10517. (a) Original data; (b) data processed by RHT
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Fig.5 Laser ranging results of Yunnan Observatory’s space debris when the quantity is 25400. (a) Original data; (b) data processed by RHT
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Fig.6 Laser ranging resulis of Yunnan Observatory's space debris when the quantity is 18403. (a) Original data; (b) data processed by RHT
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Table 2 Real data processing results

Objects Extracted echoes Effective echoes Processing time /s~ Miss detecting rate /%  False detecting rate /%
17590 84 75 2.36 0 10.71

10517 73 73 2.48 0 0

25400 79 72 2.32 5.2 8.9

18403 37 30 2.57 3.3 18.9
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Fig.7 Laser ranging results of Yunnan Observatory's space debris when the quantity is 17590%*. (a) Original data; (b) data processed by RHT
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Fig.8 Laser ranging results of Yunnan Observatory’s space debris when the quantity is 10517*. (a) Original data; (b) data processed by RHT
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