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Even space debris smaller than 10 cm can cause fatal damage to satellites. The number of such “lethal
nontrackable” objects is estimated to be over a million. A laser-based active debris removal method can
solve this problem. In this study, we show that the error in orbit prediction can be at most 2 cm in 30
seconds. We also show that taking the Moon’s gravity into account to the trajectory calculation improves
the orbit prediction error about 20%. We also discuss the direction of the ablation recoil force. This di-
rection is shown to be critical to the success of debris removal.
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1 https://orbitaldebris.jsc.nasa.gov/quarterly-news/pdfs/ODQNv27i1.pdf

2 https://sdup.esoc.esa.int/discosweb/statistics/

3 https://orbitaldebris.jsc.nasa.gov/quarterly-news/pdfs/ODQNv26i4.pdf
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Fig. 1 Concept of laser ADR. A small debris object is ac-
cidentally detected by a searching satellite. Its tra-
jectory is numerically predicted. Finally, a ground-
based intense laser is focused on the debris surface,
resulting in deorbiting.
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Fig. 2 Time dependence of possible OP error. The results
for N=0, 20, 40, 60, 80 are shown. As N increases,
the OP error decreases.
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Fig. 3 Influence of the Moon’s gravity a,,. The solid and
dashed curves are the results when a,, is included in
F, or F,, respectively. The error accuracy is im-
proved, i.e., the solid curve is about 20% smaller
than the dashed curve.
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Fig. 4 ¢ dependence of the perigee altitude after the laser

irradiation. The angle of AV is very important to
achieve debris removal.
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