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Abstract

The increasing amount of space debris has led to a rise in frequent dangerous conjunction events in low
Earth orbit. In order to reduce the rate of false alarms for these close encounters, there is an increasingly
urgent need for highly accurate monitoring of space debris. Laser ranging, as the most accurate monitor-
ing method in the field of space debris monitoring, plays an irreplaceable role in the arena of space debris
collision warning. We have established five high-power laser ranging telescopes specifically designed for
space debris monitoring. These devices utilize 200W of ultra-high power, a 400Hz high repetition rate,
and 1064nm near-infrared lasers. These telescopes are now in operation, gathering a large amount of ob-
servation data and successfully achieving daytime laser ranging. We have developed a simulation model
for laser ranging observation efficiency, which comprehensively considers the impact of factors such as
daylight, shadow, relative positional relationships, detection capabilities, laser wavelength, and equip-
ment parameters in the model. The simulated data closely approximates actual observation conditions,
providing guidance for practical observations and enhancing detection success rates. Additionally, we
have taken into account space debris density distribution, field of view, shadow models, point coverage
grid, and have established a model for space-based satellite constellation design, incorporating genetic
algorithm optimization to obtain the best constellation configuration. Furthermore, we have designed
a machine learning-based scheduling method for collaborative observation among multiple ground-based
laser ranging telescopes and space-based observation satellite platforms. This approach leverages a relay
tracking system, allowing us to increase laser ranging target capture rates to over 80%. For the targets
detectable by ground-based laser ranging systems, more than 50% can be detected multiple times within
the next 24 hours by the space-based observation satellites, thereby improving monitoring timeliness
and detection frequency and increasing the orbit accuracy to within 10 meters. We can enable laser
observations equivalent to a 15cm size at a distance of 1000km, and achieve laser ranging accuracy of
up to 50cm. Through the combined ground-space laser ranging network, the complementary nature of
ground and space-based systems allows us to achieve high-precision laser ranging for over 90% of low
Earth orbit space proximity events. With an observation time span of over 15 hours, we effectively reduce
the collision false alarm rate by 99%, significantly decreasing the majority of false collision alerts. This
approach greatly reduces the frequency of satellite avoidance maneuvers and subsequently lowers satellite
operational costs.



