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Abstract

With the exponential growth of space activities in low Earth orbit (LEO), the space debris environ-
ment continues to deteriorate, particularly with the increasing threat posed by centimeter-level debris.
According to statistics, the number of trackable space debris has exceeded 34,000, while the estimated
number of untrackable centimeter-level debris exceeds 1 million, posing a significant threat to on-orbit
spacecraft. To address this challenge, we have developed a revolutionary space debris laser ranging sys-
tem that integrates several breakthrough technologies: 1) a 1.2-meter large-aperture optical telescope
equipped with an optical correction system; 2) a 200W high-power, 400Hz repetition rate laser operating
at a wavelength of 1064nm; 3) a high-sensitivity single-photon detector with narrowband spectral filtering
technology, significantly enhancing the system’s signal-to-noise ratio; and 4) a high-precision real-time
tracking and prediction algorithm. The system innovatively employs near-infrared wavelength detection
technology, effectively overcoming the challenges of daytime observation and extending the observable
time window. To accurately evaluate system performance, we established a comprehensive laser ranging
efficiency simulation model, taking into account factors such as Gaussian beam transmission character-
istics, atmospheric turbulence effects, telescope tracking accuracy, and background noise. The model’s
validity was confirmed by comparing simulation results with actual observational data. Experimental
results demonstrate that the system successfully achieved stable detection of space debris as small as 5
centimeters at an equivalent distance of 1000 kilometers, with a ranging accuracy of 0.5 meters (RMS).
Over nearly a year of continuous observation, the system has detected a significant number of centimeter-
level space debris, providing valuable data for building a high-precision space debris database. This
groundbreaking achievement not only significantly enhances space situational awareness but also reduces
the false alarm rate of space collision warnings by 90%, offering critical technical support for ensuring the
safety of low Earth orbit.



