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Abstract

Debris in the millimeter to sub-millimeter size range poses a persistent threat to spacecraft that are
flown in the low Earth orbit. This population is significantly more numerous than the larger trackable
population and will remain so for the foreseeable future. There are two commonly available debris envi-
ronment models ORDEM (NASA) and MASTER (ESA) used to simulate the sub-trackable population.
These two leading models disagree by more than an order of magnitude for debris sizes less than 3 mm.
Past on-orbit attempts to characterize the small debris have relied on exposed surfaces returned to Earth
from orbit, impact detectors sensing physical impacts, or in-situ camera-based detections of debris. The
limitation with these experiments is the detection areas are not large enough ( 1 m2) and/or exposure
times are too short to provide a statistically sufficient sample in the smaller debris size ranges of interest
(0.1 – 3 mm). Characterizing the small sized debris population can also be achieved experimentally by
physically detecting the particle fluence using an orbiting lidar-based system as described in this paper.

The projected mission will use a low Size, Weight, and Power (SWaP) lidar-based sensor system to
generate a short-range pulsed fan beam over a predetermined duty cycle to detect small debris passing
through this “laser net”. The goal is to design a system that can operate within the constraints of a
small satellite platform, such as a 12U CubeSat. The design uses Photo-Multiplier Tubes (PMT) to
acquire both high gain (e.g., 106) and fast response (e.g., ns) and is coupled with a two-stage fiber-based
Master Oscillator Power Amplifier (MOPA) laser (operated at 1064 nm). Through a NASA Research
Opportunities in Space and Earth Sciences (ROSES) funded technology development effort, an extensive
series of laboratory experiments have been conducted to validate the lidar sensor’s performance in a
controlled environment. Initial laboratory bench experiments of this lidar system (both static and drop
tests) have demonstrated the system’s capacity to accurately detect and characterize debris in the 0.1
to 3 mm size range. Furthermore, a hypervelocity experiment at NASA’s White Sands Test Facility will
simulate more realistic orbital conditions ( 7 km/s), further refining the sensor’s operational parameters.
This paper will describe the mission design aspects and bench/hypervelocity laboratory validations of the
debris detection payload. Once flown, this experiment will significantly enhance our understanding of the
small debris environment, ultimately leading to improved spacecraft resilience and mission safety
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