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Abstract  

Introduction: Space debris is an alarming problem that researchers around the globe have been working to solve. These 

space particles consist of meteorites that exist in space as well as fragmentation originating from satellites and spacecraft. The 

effect of these debris can be devastating upon collision with devices such as satellites, telecommunicators, etc. The National 

Aeronautics and Space Administration database reported that approximately 200 million objects were found orbiting close to 

the Earth. Currently, different techniques are under investigation to eliminate space debris. 

Methods: Space debris varies in size, thus can only be fully removed if the various sizes are accounted for. We propose a 

model where efficiency and effectiveness can be optimized towards certain sizes of space debris. The laser ablation process 

involves concentrating multiple laser pulses on space debris to create plasma plumes which eject from the cavity created in 

the material at a substantial velocity, acting against the material’s original orbit and can be guided into Earth’s atmosphere 

where it will disintegrate or fall into the ocean. An electrodynamic net will also be used to attract and capture space debris. 

Once taken a hold of, this debris will be transported by the satellite towards the Earth's atmosphere. Here both the satellite 

and the debris will be disintegrated. 

Results: To solve this problem, this study proposes a dual-debris model which combines a laser-guided and electrodynamic 

approach. The first process involves short-wavelength laser pulses that focus on debris greater than 10 cm in diameter, 

generating plasma plume ejections that decrease orbital velocity. The electrodynamic approach will attract and dispose 

materials less than 10 cm in diameter with an electrically charged net dispatched by a satellite, which is then guided towards 

the Earth. 

Discussion: Based on the results of the studies analyzed, laser ablation is an effective method of removing large space debris 

while the electrodynamic net serves as a cost-efficient method of eliminating small debris. Both methods allow targeted 

debris to approach and disintegrate in the Earth's atmosphere or fall into the ocean. Results from previous studies were 

largely based on simulations, and further testing should be done.  

 

Keywords: space debris; electrodynamic; laser; space exploration; satellites; atmosphere 

 

 
Introduction 

Space exploration has been a topic of interest for many 

decades, however, there are many obstacles that need to be 

overcome in order to ensure the safe transportation of our 

astronauts and other technological devices. One of the most 

pressing matters of late has been the recognition of millions 

of space debris particles surrounding the Earth’s 

atmosphere. These space particles can consist of meteorites 

that naturally exist in space. However, this does not 

compare to the number of artificial parts, such as the 

fragmentation originating from satellites and spacecraft [1]. 

When space vehicles are launched, many small objects stay 

in the Earth’s low orbit for a couple of years before burning 

up in the atmosphere. On the contrary, if debris is left at 

altitudes higher than 36,000 km, it can become trapped in 

the Earth’s orbit for thousands of years [1]. These space 

particles provide hindrances to many facets of space 

exploration and technological machines, as they can travel 

up to speeds of 28,175 km/h [2]. The dead satellites and 

rocket parts orbiting the Earth could soon cause a rippling 

effect known as Kessler Syndrome, where one crash could 

produce an infinite amount of collisions. This would, in 
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turn, make the Earth's orbit unusable and put an end to all 

current and future space programs. According to NASA, 

there are currently 27,000 pieces of space debris that can be 

detected by the Department of Defense’s global Space 

Surveillance Network sensors, however, they estimate there 

to be many more objects orbiting the Earth, as smaller sized 

debris can be hard to track [2]. Since space debris can 

dramatically vary in size, a dual approach method has been 

proposed. A laser-mediated method would target objects 

greater than 10 cm in diameter, whereas an electrodynamic 

net approach would target objects less than 10 cm in 

diameter. This study seeks to evaluate the effectiveness and 

efficiency of laser ablation and electrodynamic nets as 

methods of eliminating space debris of varying sizes. 

 

Methods 

Laser ablation: Shen et al. [3], explores the optimal 

choice of laser transmission by taking into consideration 

four conditions that should be met: high average power and 

peak power, high pulse energy, high laser beam quality, and 

mature technology with simple maintenance [3]. The 

authors describe a reliable solid-state laser operating in a 

burst mode that does not have a mechanically driven 

component and no need to refuel the system [3]. They 

determine the optimal mirror diameter to be 2.44 m to 

obtain a 15 cm focal spot considering the difficulty of 

tracking and energy waste [3]. They also demonstrate that 

the optimal laser repeat frequency to be 100 Hz assuming 

laser pulse energy is 1 kJ and considering effectiveness and 

cost [3]. The mass is the most important parameter when 

studying the motion of space debris [3]. Through the 

statistical analysis, it was found that the mass of space 

debris is proportional to the diameter of the debris, raised to 

the power of 2.26 (m ∝ d2.26) [3]. Space debris is mainly 

composed of aluminum and carbon, which follow the same 

model [3]. Thus, the properties of these elements are very 

useful for understanding space debris [3]. Using the same 

model, debris with a diameter of 10 cm would weigh 70 g if 

it was purely made out of aluminum and 40 g if it was 

purely carbon-based [3]. A mechanical impulse, mΔv, of a 

material, is equivalent to the coupling coefficient, Cm, 

multiplied by the incident laser pulse energy, E, (mΔv = 

CmE) [3]. The coupling coefficient, Cm, is found to be 1.4 × 

10−5 N·s/J for carbon and 2 × 10−5 N·s/J for aluminum 

according to experimental results [3]. However, the 

coupling coefficient, Cm, only remains constant when the 

wavelength, intensity, and pulse length of the laser-

irradiated to the debris material also remain constant [3].  

Soulard et al [4]. describe the laser requirements for the 

removal of space debris [4]. For aluminum debris with an 

initial orbit of 800 km, the orbital velocity would need to be 

decreased by 2.5% in order for it to reach an altitude of 100 

km where re-entry into the atmosphere occurs [4]. 

Additionally, it was found that laser emission in space-

based operations was more energy efficient compared to 

ground-based operations [4]. This study distinguishes 

regimes in size, energy, and pulse duration between space 

and ground-based operations, noting that nanosecond pulse 

durations would be suitable for atmospheric transmission, 

and shorter picosecond pulses would be suitable for space 

transmission [4]. This study also outlines a novel 

architecture, the International Coherent Amplification 

Network (ICAN) project, a space-based operation that is 

capable of tracking and de-orbiting hyper-velocity space 

debris [4]. 

Electrodynamic net: In a study conducted by Pearson et 

al. [5], the authors discuss their spacecraft, ElectroDynamic 

Debris Eliminator (EDDE), and the various benefits it 

provides. In a simulation conducted to remove 2,465 

objects in Low Earth Orbiting weighing greater than 2 kg, 

EDDE was compared with other propulsion systems [5]. 

The outcomes showed that an estimated 12 EDDEs were 

required to fulfill this task, compared to the next closest of 

30 vehicles using the Variable Specific Impulse 

Magnetoplasma Rocket (VASIMR) propulsion system. 

Moreover, the estimated total mass in orbit was 0.04% of 

the VASIMR system. Furthermore, it was hypothesized 12 

EDDEs could get rid of 2,166 tons worth of space debris 

under a 7-year time span. Alongside this, Pearson et al. [5] 

also discuss the versatility of their net dispenser, as it would 

be a 100 m tether that would have the ability to both project 

forward and be reeled backwards, allowing for the abortion 

of any poorly executed launch and correction to any 

mistakes that were made [5]. 

In another study performed by Sharf et al. [6], the 

closing mechanism of the tethered net was explored. The 

researchers decided to use a lump-parameter model, where 

the mass of the net consists primarily of a finite number of 

physical knots of the net, and the axial stiffness properties 

are represented by massless springs between the point 

masses [6]. When the net is launched, it has minimal 

tension, however when the net starts to initiate closure, it 

reaches maximum tension (~10 N). The speed of the tether 

in the stimulation was less than 2 m/s [6]. The experiment 

conducted by this researchers lasted 100 seconds, and had 6 

steps within that timespan: (a) net starts deploying (t = 1s), 

(b) net and debris are in contact (t = 17s), (c) closing 

mechanism is activated and tethers are shortened (t = 33s), 

(d) debris is captured t = 40s, (e)-(f) capture is sustained (t 

= 78 seconds and t= 100 seconds, respectively) [6]. The 

closing mechanism of the net revolved around the idea that 

the tether would shorten around the net’s perimeter, which 

would thereby allow the net to close around the target [6].  

In addition, in a study performed by Bevenuto et al [7]. 

several ideas for different aspects of the tether net 

deployment are mentioned. In terms of collision detection, 

the researchers propose to use a hierarchical bounding-

boxes collision detection algorithm called Minimum 

Spherical Bounding Boxes. The net that Bevenuto et al [7]. 

felt could be effective is one of a planar or pyramid shape 

and can be either interlaced or non-interlaced. The planar 

net and 3-D pyramid-shaped nets would have differences in 
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mass, mesh length, closing time and target size, all of which 

would be greater for the former [7]. The authors also 

discuss post-burn as a crucial aspect of the process. 

According to the researchers, the most effective way to 

carry out this procedure would be to produce a single burn 

and then cut the tether and perform a collision-avoidance 

maneuver [7]. As well as this, the stiffness of the tether was 

also considered in-depth, with the conclusion pointing to a 

more stiff tether being more advantageous. This is apparent 

as a non-stiff tether makes the chaser attitude more difficult 

to control and the drift from velocity direction alignment is 

greater, meaningless transfer efficiency, as well as 

generating the possibility of creating entanglements [7]. 

 

Results 

Laser ablation: This protocol includes a dual debris 

model. The first approach involves guided laser pulses 

targeted for space debris greater than 10 cm in diameter. 

Technologies relevant to this approach are easily accessible 

such as steering optics, monitoring and tracking, optics, and 

laser technologies [8]. The laser ablation process involves 

multiple laser pulses to create plasma plumes resulting from 

laser detonation [9]. The laser will use a short ultraviolet 

wavelength since it is most effective in laser-materials 

interactions and the pulse duration can vary between 

milliseconds to femtoseconds [9]. Laser ablation is 

preferable since short laser pulses remove space material so 

frequently that surrounding material heats up from 

absorbing laser energy [9]. The compressed pulse power is 

high enough to melt and vaporize the material and 

generates plumes of plasma which eject from the cavity 

created in the space material [9]. The plasma plumes eject 

at a substantial velocity of 105 m/s in a vacuum, acting 

against the material’s original orbit velocity, as seen in 

Figure 1 [9]. With enough repeated laser detonations, the 

debris can be guided into Earth’s atmosphere where it will 

disintegrate or fall into the ocean.  

 

 

 
 

Figure 1. Vector model of plasma plume generation upon laser ablation of space debris material. Plasma plumes are ejected 

from the cavity created by a train of laser pulses on space debris. The ejection of plasma plumes creates a force that acts 

against the debris’s original motion, and causes the debris to change direction and decelerate [3]. Created via Biorender. 

 

Electrodynamic net: The second approach includes an 

electrodynamic net used to attract and capture space debris 

under 10 cm in diameter. This net will be electrically 

charged, allowing it to create electrostatic and inductive 

interactions with space debris. Since most space debris has 

a metallic component to it, this attraction would be 

enhanced, allowing for an effective method of collecting 

the debris. The net itself would be light in weight (~50 g) 

for easy transportation - therefore, not creating an 

overwhelming load for their respective corresponding 

satellites. The satellite will have the ability to navigate its 

own motion and position by adjusting to different sets of 

angles in order to perform the launch of the electrostatic 

net. The net will be launched in a “harpoon-like manner” 

with a velocity of 5-10 km/s [10]. The net will still be 

attached to the satellite, however, it will have the ability to 

extend out to about 10 km in length, as seen in Figure 2. 

These nets would have the prototypical dimensions of 40 x 

50 x 60 cm, but could also be made with the slight 

alteration of 5-10 cm to allow for adaptability depending on 

the circumstance. These dimensions will allow for an 

effective method of collecting debris less than 10 cm in 
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diameter and will have an overall volume of ~0.120 m [8]. 

As described by Sharf et al. [6], the net is composed of four 

separate tethers which are all reeled on the same winch, and 

each passing through a ring at the central node of the net, 

then through a ring at a corner node on the net and a ring at 

the central node on a side of the net. Finally, each tether is 

attached to the next corner node, with respect to the 

corresponding “ringed” corner of the net [6]. Once the 

debris is taken hold of (through electrostatic interactions), 

this net will be transported via the satellite towards the 

Earth's atmosphere. Here, both the satellite and the debris 

will be disintegrated. In order to make this whole process 

much more efficient, the satellites will include net 

managers - which will contain ~100 nets - from which the 

nets will be extended from due to centrifugal force at the 

end [10]. This will allow for more effective use of each 

satellite - not only increasing the capacity of each satellite, 

but also limiting the amount of waste product being 

produced. 

 

 
 

Figure 2. Magnified view of the electrodynamic net being launched in a harpoon-like manner. The satellite launches an 

electrodynamic net towards the targeted space debris. Using electrostatic interactions, the space debris will be captured by the 

net, upon which the net will close. From there, the satellite will de-orbit, directing both the net and itself towards 

disintegration via the Earth’s atmosphere. Created via Microsoft Paint, and inspired by the Cable News Network [10] 

 

Discussion 

Laser ablation: The laser transmission parameters 

discussed in the study by Shen et al. [3], demonstrate 

detailed and sophisticated technical knowledge of a 

potential laser system. The study’s proposed solution of a 

solid-state laser operating in a burst mode which does not 

have a mechanically-driven component and no need to 

refuel the system would be reliable and require minimal 

maintenance. A low-maintenance laser system would be 

beneficial for space-based operations and have lower costs 

in the long term. This study also outlines parameters of a 

laser system such as mirror diameter which would be 

optimized for balancing the tracking of space debris as well 

as energy waste, and laser repeat frequencies that would be 

optimized for laser ablation effectiveness as well as energy 

costs. The space debris mass model constructed in this 

study could be useful for tracking the motion of space 

debris since it is considered as one of the most important 

parameters. However, this model is limited by debris made 

up of common materials such as aluminum and carbon. 

Space-based operations of laser systems seem to be 

preferable to ground-based operations as outlined by the 
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study by Soulard et al. [4], The authors suggest that energy 

expenditure would be more efficient in space-based 

operations, adding distinguishing features including size, 

energy, and pulse duration between space and ground-based 

operations. This study features a space-based model for 

tracking and de-orbiting hyper-velocity space debris, the 

ICAN project, which could be considered for a space-based 

model designed for larger space debris (greater than 10 cm 

in diameter). 

Overall, the mechanism of space debris removal by 

means of laser ablation and the technologies relevant to this 

approach are well understood and relatively easily 

accessible. An important next step to an eventual future of 

utilizing laser ablation to remove space debris could be the 

experimentation of the laser parameters and conditions 

discussed in the previous studies. Further research and 

results from simulations of the proposed laser systems 

would verify the proposed solutions made in the studies 

such as the effectiveness of space-based operation 

compared to ground-based operation. 

Electrodynamic net: The second process that was 

explored was the use of an electrodynamic net to capture 

and disintegrate debris less than 10 cm in radius. Based 

upon previous studies and their simulations, this approach 

seems to be quite efficient. These experiments examined 

the structure and properties of the net, the enclosing 

mechanism and timing, as well as other key processes 

involved to carry out this procedure. Using these results, 

these ideas could also be applied to this study’s proposed 

model. For example, in the study done by Pearson et al. [5], 

the EDDE propulsion system could be incorporated within 

the design. This is because based on the simulations done 

by the research team, this system seemed by far to be most 

efficient at removing space debris, without having to orbit 

an enormous amount of satellites [5], therefore, being both 

economically and ecologically viable.  

Alongside this, the net release and capture motion can 

be similar to that as described by Sharf et al. [6], In the 

experiment, the researchers went into great detail to discuss 

the structure of the net, the launch and enclosure process, 

and tension properties. Since this aspect of the procedure 

only took 100 seconds and had a maximum tension of ~10 

N in simulations, this seems to be a very effective and 

efficient approach to carry out the launch and enclosure of 

the space debris [6]. Furthermore, using the details from the 

study performed by Bevenuto et al. [7], the shape of the net 

that could be pyramidal in shape. This is because the 

pyramidal-shaped net is much more effective in collecting 

smaller-sized debris, compared to the planar shape net [7]. 

Specifically, the planar shape net targeted debris that 

measured 30 m x 30 m, whereas the pyramidal shape net 

targeted space debris that was 1 m x 1 m in size. In addition 

to this, as described in the same study, the net would also 

be made of material that would allow for increased 

stiffness, to minimize entanglements and other problems. 

Moreover, the de-orbiting and disintegration processes 

mentioned in the study should also be explored in greater 

detail in future studies. 

In general, a dual-debris model would maximize 

strengths and minimize downfalls of laser ablation and the 

electrodynamic net, as laser ablation could be sparingly 

used towards large debris due to its effectiveness and high 

cost while the electrodynamic net could be used against a 

vast amount of smaller debris. 

A key area which future studies could explore in 

greater detail is the ability of the net to capture debris that is 

generally smaller in size. Of the studies that were explored, 

they all had experimental space debris sizes that were far 

greater than ones that would be 10 cm in diameter. By 

performing these types of studies, there would be more 

information on whether this method would be effective 

against the debris of all sizes. This in turn would also allow 

for one to identify whether different methods are needed for 

variously sized objects, or whether this electrodynamic net 

would be effective enough to be deployed on its own. 

Alongside this, another aspect that should be looked into is 

the type of material that would be used to create the net. 

There are various types of metals that could be manipulated 

to give the net its electrodynamic nature, however, each 

metal would also bring its own physical properties as well. 

These properties could affect the mass, tension and stiffness 

of the net, which as indicated by Bevenuto et al. [7], could 

lead to other situations to arise. 
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