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Internal Collision Risk Assessment and Configuration Design

Strategy of LEO Large Constellations”
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Abstract As the deployment of low-orbit large constellations reaching its peak with rapidly expanding
scales, this study investigates the internal collision risks during the deployment of large low-Earth orbit
(LEO) satellite constellations. A constructed constellation is used as an example to analyze the effect of
phase parameters and orbital inclination on internal collision risk. Two methods are employed: the
spherical geometry method. which does not consider perturbation effects, and the collision probability
method, which does consider perturbation effects, to calculate the constellation’ s minimum distance and
collision probability. Collision analysis reveals that the overall minimum distances decrease when pertur-
bations are considered. Moreover, consistency is observed between the optimal configurations for mini-
mum distance and collision probability indices when perturbations are taken into account. The study also
discovers that the minimum distances of the constellation fluctuate periodically by 2° to 6° as orbital incli-
nation increases. Based on these findings, an optimization strategy is proposed that involves fine-tuning
the orbital inclination to reduce collision risks. Additionally, a configuration design strategy is designed

to improve the computation precision with limited computational resources, namely the “initial screening
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of inclination by geometric method followed by detailed phase parameter screening with perturbation”.
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Table 1 Configuration of the four constellations

. . Orbital L R Number of Number of satellites in Number of
Constellation . Inclination/ (%) . . .
altitude/km orbital planes each orbital plane satellites
C1 1 000 30 40 30 1 200
C2 1 000 40 40 30 1 200
C3 1 000 50 40 30 1 200
C4 1 000 60 40 30 1200
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Table 2 The best F values of four constellations when
considering pertubations

Constellation Best value of F Minimum distance/(°)

C1 37 0.368 3
C2 9 0.3351
C3 35 0.2858
C4 37 0.271 2
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Table 3 Risk events of the four constellations at various phase parameter
Constellation Value of F Approach events Low risk events ~ Medium risk events  High risk events
37 0 0 0
¢l 17 0 0 0
9 0 0 0 0
C2 25 0 0 0 0
) 0 0 0 0
35 0 0
3 11 28 0 0
37 0 0 0 0
C4 27 25 0 0 0
9 67 0 0 0
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Table 4 Parameter of the constellation before and after inclination fine-tuning

Constellation Original inclination/ (%)

Original value of F

Fine-tuned inclination/ (") Fine-tuned value of F

TEST1 80 23

TEST2 73 7
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Changes of collision risk after fine-tuning inclination
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