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ABSTRACT 

The in-situ detection of small orbital debris and micrometeorites, both potentially posing a risk to most space 
missions, requires a combination of a large sensor area and large time coverage. For example, a sensor with a time 
area product of 3 m2

!years will make a significant contribution to our understanding of the near Earth small debris 
population. Deploying large sensors in space, however, is generally resource intensive due to their size and weight. 
The lightsheet concept allows the creation of a “virtual witness plate,” which is created without any supporting 
physical structure and therefore presents an attractive opportunity for the deployment of small size, weight, and 
power instruments anywhere between low Earth orbit to interplanetary space. The lightsheet sensor can be tailored 
to optimize performance to meet the needs of various applications. In this paper, we describe the lightsheet sensor 
concept, model results and discuss potential orbital debris applications. 

1 INTRODUCTION 

The number of man-made debris objects orbiting Earth [1], or orbital debris, as seen in Fig. 1 is increasing at an 
alarming rate, resulting in the increased probability of degradation, damage, or destruction of operating spacecraft. 
In particular, small objects (10cm to 1 µm) in Low Earth Orbit (LEO) are of concern because they are abundant, 
difficult to track or even to detect on a routine basis, and have enough kinetic energy to damage spacecraft [2]. Due 
to the increasing debris population it is reasonable to assume that improved capabilities for on-orbit damage 
attribution, in addition to increased capabilities to detect and track small objects are needed. Here we present a 
sensor concept to detect small debris with sizes between approximately 0.1 m and 1.0 E-6 m in the vicinity of a host 
spacecraft for characterization of small debris populations in low Earth orbit (LEO). Data collected from such a 
sensor would provide much needed additional data to existing debris models as well as provide characterization of 
distinct debris fields. 

 
Fig. 1. Monthly number of objects in Earth orbit by object type [1]. 
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2 SENSOR DESCRIPTION 

The sensor concept is based on creating a sheet of light in front of the host spacecraft and observing photons 
scattered by objects passing through the lightsheet. A fisheye camera lens coupled to a detector provides a method to 
monitor the scene. This system creates a virtual witness plate for debris observations as seen in Fig. 2. The 
functional area of the virtual witness plate is scalable and defined by the components of the system: the power of the 
laser, the optics field of view (FOV) and aperture, and the detector sensitivity. The scalable nature of this instrument 
is unique in that it allows significant area coverage compared with debris detection phenomenology that rely on 
impact observations. However, the data from these two methods are complementary as the impact method can also 
infer the mass density of the debris. A detailed description of the sensor concept is provided by Englert et al. [3]. 

This paper will focus on modeling the instrument’s observable debris population density.  

To model the performance of the instrument the predicted detection range as a function of laser power and debris 
size is calculated based on the following assumptions: 

1. the debris size ranges in diameter (d) from 1 µm to 0.1 m, 

2. the relative velocity (v) of the debris to the lightsheet is 15,000 m/s, 

3. a near infrared (λ = 690 nm) laser with an output power of  P, 

4. the albedo (a) of the debris is 0.15, 

5. the quantum efficiency (QE) of the detector is 90%, 

6. the camera aperture (A) size is 0.85 cm2, 

7. the debris scatters light into a solid angle of 2π steradians,  

8. the distance (R) of the camera to the axicon is 0.3 m,  

9. the detection threshold (Td) is 20 photons, 

10. the 1s integration time of the camera is longer than the time the debris spends transversing the sheet. 

Using these values the expected observable range as a function of laser power and debris size may be calculated 
from Eq. 1. 

 

 
Fig. 2. Representative components for an optical orbital debris spotter. Lateral distances between the conic mirror 

and the camera lens are envisioned to be about 10 cm or more; the conic mirror (Axicon) can be 1 cm in diameter or 
smaller; the size of the light source (e.g. laser) depends in part on the desired output power. 
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Ranges were computed for a number of laser powers from a typical 5 mW laser pointer to a 30W vacuum tested 
laser (e.g. nLight Element e06), which we have acquired for our laboratory demonstration. Debris sizes were chosen 
to match the European Space Agency’s (ESA) Debris Risk Assessment and Mitigation Analysis (DRAMA) tool 
suite [4] between the 1.0 µm and 10 cm range. The results of the range computations are presented in Table 1 along 
with the effective area (last column) computed for the 30W laser case. 

 

 

 Table 1. Range in Meters (Object Size vs Laser Power)  
Object 

Size (mm) 
Laser Power (W)  

0.005 0.025 0.05 0.1 0.5 1 5 30 Area (m2) 
0.0014125 0.003 0.006 0.007 0.009 0.015 0.019 0.032 0.059 0.011 
0.0028184 0.005 0.009 0.011 0.014 0.024 0.030 0.051 0.093 0.027 
0.0056234 0.008 0.014 0.017 0.022 0.038 0.047 0.081 0.147 0.068 
0.011122 0.013 0.022 0.028 0.035 0.059 0.075 0.128 0.232 0.169 
0.022387 0.020 0.035 0.044 0.055 0.094 0.119 0.204 0.370 0.430 
0.044668 0.032 0.055 0.070 0.088 0.150 0.189 0.323 0.586 1.080 
0.089125 0.051 0.087 0.110 0.139 0.237 0.299 0.511 0.929 2.71 
0.177830 0.081 0.139 0.175 0.220 0.376 0.474 0.810 1.473 6.81 
0.354810 0.128 0.220 0.277 0.349 0.596 0.751 1.284 2.334 17.11 
0.707950 0.204 0.348 0.439 0.553 0.945 1.190 2.036 3.699 43 

1.4125 0.323 0.552 0.695 0.876 1.497 1.887 3.226 5.862 108 
2.8184 0.511 0.874 1.102 1.388 2.373 2.990 5.113 9.292 271 
5.6234 0.810 1.386 1.746 2.200 3.762 4.739 8.104 14.73 681 
11.22 1.284 2.196 2.767 3.486 5.962 7.511 12.84 23.34 1711 
22.39 2.036 3.481 4.386 5.526 9.449 11.90 20.36 36.99 4299 
44.67 3.226 5.517 6.951 8.757 14.98 18.87 32.26 58.63 10797 
89.13 5.113 8.744 11.02 13.88 23.73 29.90 51.13 92.92 27122 

 

3 DEBRIS MODELING 

The MASTER-based Impact flux and Damage Assessment (MIDAS) tool in the DRAMA suite was run to generate 
a model data set of debris sizes between 1 µm and 10 cm, these diameters are presented in the left most column of 
Table 1. MIDAS was run for a circular plate with an area of 1 m2, flown with the normal of the plate aligned with 
the satellite velocity direction. The inclination of the circular (eccentricity = 0.001) orbit was set to 90 degrees and 
the model was run for several orbit altitudes ranging from 500 km to 2000 km for a period of one year. The MIDAS 
settings are presented in Table 2 for reference. The output of the MIDAS model provides the number of debris 
objects as a function of size that are expected to pass through the 1 m2 area of the simulated plate. These values are 
presented in Fig. 3, as a plot of the debris diameter versus the population, with color representing the altitude of the 
orbit for the different MIDAS model runs. Note that this plot is presented on a logarithmic scale for both the 
abscissa and the ordinate.  
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Table 2. MIDAS Settings 
Time Aug 1 2020 - Jul 31 2021 
Semi-Major Axis 6878 km - 8378 km 
Eccentricity 0.001 
Inclination 90 deg 
RAAN 0 deg 
Arg. of Perigee 0 deg 
Cross-Sectional Area 1 m2 
Mass 14 kg 
Drag Coef. 2.2 
Reflectivity Coef 1.3 
Size Interval   
Lower Threshold 1.0E-6 m 
Upper Threshold 0.1 m 
Debris Sources Condensed 
Analysis Mode Damage Analysis 
Surface Orientation Inertially Fixed 
RA/Dec 0/0 
Area 1.0 m2 

 

 

 
Fig. 3. MIDAS simulated debris population plotted on a log-log scale as debris diameter vs. population, with color 
representing different altitudes between 500 km and 2000 km for a circular polar orbit. 
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4 ANALYSIS AND APPLICATIONS 

The MIDAS model debris population values were then scaled using the observable area computed in the sensor 
description section above for a 30W laser output; these areas are tabulated in the far-right column of Table 1. This 
yields the expected population observed over a one-year period as a function of debris size and altitude. Figure 4 
shows the observed debris events per year versus altitude data on a logarithmic scale while Fig. 5 illustrates the 
observed debris events per day on a linear scale. For both plots the line colors represent the debris diameter from the 
MIDAS model. 

 

 
Fig. 4. Debris observations per year (log scale) vs. altitude with debris diameter indicated by color.  

  

 
Fig. 5. Debris observations per day (linear) vs. altitude with debris diameter indicated by color.  

 

One can clearly see the primary peak centered at about 800 km due to the Fengyun-1C Chinese Anti-Satellite test in 
2007 [5] and the Iridium 33 – Cosmos 2251 collision in 2009 [6].  The total number of observed debris events per 
year by the lightsheet sensor from our analysis is plotted as a function of altitude in Fig. 6. These data clearly show 
the effectiveness of such a sensor at monitoring small debris populations over large areas. 
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Fig. 6. The simulated debris observations per year plotted as a function of altitude. The size range 
of the debris considered in this analysis is 1 µm < 10 cm. 

 

The primary application of the sensor is to monitor the debris population in LEO; these data could be used to 
improve existing orbital debris models. The lightsheet sensor provides a complementary phenomenology for other 
space and ground based debris detection campaigns; the lightsheet sensor data can enhance, augment or validate data 
from other sensors and campaigns. There are several other applications of the sensor, one such application is to use 
the sensor for onboard anomaly attribution. Collisions with small orbital debris are responsible for effects ranging 
from the continuous degradation of satellite performance (e.g. degraded solar cells) to the sudden damage of vital 
satellite components.  Damage to the Space Shuttle and other orbiting objects like the Long Duration Eexposure 
Facility, have been thoroughly documented and range from significant to innocuous, with some damage evident only 
through abnormalities in satellite operation [7-12].  Data from the lightsheet sensor could be used to correlate 
anomalies on the host spacecraft; this could improve the timeliness and accuracy of the damage attribution 
assessment for the host spacecraft. Other applications include the use of the sensor technology in cislunar space as 
well as on the lunar surface. The sensor could be tailored to be sensitive to µ-meteorites in Earth orbit or in cislunar 
space. With renewed interest in a manned mission to the moon, a debris survey in lunar transfer orbit would be 
feasible. Data from a mission on the lunar surface could be used to better characterize the µ-meteorite flux to 
improve knowledge for shielding design for hardware destined for the lunar surface. Characterizing the lunar surface 
dust ejecta caused by µ-meteorite impacts with the lunar surface is also important to gain an understanding of 
expected dust buildup effects on solar arrays and camera optics.  

5 CONCLUSIONS 

Many debris studies are performed using satellite surfaces that are damaged by debris impacts and that are brought 
back to Earth after months or years in orbit. This lightsheet sensor, acting as a scalable large area virtual witness 
plate for debris, would provide, at a minimum, a similar or even improved data set in close to real time and without 
bringing the “surface” back to Earth. A mission with appropriate propulsion could effectively collect significant 
time area product (the area of the virtual witness plate x the collection period) measurements at one altitude and then 
maneuver to another and continue collection. Such a mission is capable of performing a debris survey across LEO 
regions of interest over the course of a multi-year mission. Adding a single lightsheet sensor to a spacecraft in the 
planned mega-constellations could provide effective means of monitoring the orbital regime of the constellation.   
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