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ABSTRACT

This article gives an overview of the active space debris removal methods that are currently in devel-
opment. Orbital debris removal has become a very critical part of the commercial and scientific space
management. It is an aggregating risk which needs to be immediately addressed to prevent loss of
spacecraft to debris collision. The various concepts and methods which tend to bring the accumulating
risk to a halt have been classified and reviewed. They are classified into collective, laser-based, ion-beam
shepherd-based, tether-based, sail-based, satellite-based, unconventional, and dynamical systems-based
methods. The dynamical systems-based method is a contemporary concept, which is developing at a
rapid pace. Recent trends were analyzed to ascertain the evolution of the active space debris removal
programs. State-of-the-art methods are essentially required to address the various sizes of space debris
that need to be removed. This brings a huge opportunity in the area, which includes discovering
commercially viable options, cleaning orbital regions, and optimizing crowded satellite orbits.
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1. Introduction

The space environment beyond low Earth orbit (LEO) is teeming
with space debris. These debris are mostly the remnants from
human-made objects such as dead satellites, used rocket stages,
and particles from the collision of other debris. Space debris was
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not considered an issue around 50 years ago because little was
known about the practical applications of space above the strato-
sphere. Today, the world is different from what we knew back then.
Satellite networks, for example, are an essential part of our life, and
more and more satellites are required to enhance their coverage.
These enhancements have not addressed the issue of accumulating
space junk, which has been collecting in the belt of existing satellite
orbits. It has, in fact, raised the risk for existing satellites because of
the increasing possibility of collision, which will add even more
debris into the belt. This build-up has been classified as the “Kessler
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Nomenclature

3D Three Dimension

ACADS Attitude Control and Aerodynamic Drag Sail
ADR Active Debris Removal

ANCF Absolute Nodal Coordinates Formulation
ATP Area-Time-Product

CNES Centre national d'études spatiales

DOF Degrees of Freedom

EDT Electrodynamic Tether

EOL End of Life

FLI Fast Lyapunov Indicators

GEO Geosynchronous Earth Orbit

GNC Guidance, Navigation and Control

Hoo H-infinity

IBS Ion-Beam Shepherd

ICAN International Coherent Amplification Network

ISS International Space Station

LEO Low Earth Orbit

LEOSWEEP Low Earth Orbit Security with Enhanced Electric
Propulsion

LODR Laser Orbital Debris Removal

MEO Medium Earth Orbit

RAAN Right Ascension of the Ascending Node

SRP Solar Radiation Pressure

SSO Sun Synchronous Orbit
TDS Telescopic Deployer System
TLE Two Line Element

Av Delta-v

Syndrome”, which might turn worse if left unresolved. Each debris
particle has the potential to travel at 30,000 km/h relative velocity
and can cause an immense deal of damage.

Kessler et al. (1978) [1] predicted the collision risk involved in
Earth orbits and the threat's immense magnitude. This article
popularized the term “Kessler Syndrome”, commonly attributed to
the build-up of orbiting space debris and its multiplication. The
accumulation and the cascading effect were further described by
Kessler et al. (2010) [2] to clarify the intended definition of the
above said term. They discussed the frequency of collisions and the
ensuing consequences, which could have a major impact world-
wide. They also describe the common mitigation measures un-
dertaken to avoid any catastrophe in the future. Pelton (2013) [3]
explains the cascading effect of collisions and how debris generates
debris. He describes the international standards that are in place for
mitigating debris and for space traffic management, which could
become the safety and operational standards for space and
stratospheric missions and activities. Pelton (2015) [4] gives the
current debris scenario, which is estimated to be around six metric
tons and number about 22,000 tracked objects. There are two
prominent debris addition events which have been recorded in
recent history. These are the antisatellite missile test (2007) which
downed the Chinese Fen Yun 1C satellite and the collision of Kos-
mos 2251 and Iridium 33 (2009). Despite the progress in devel-
oping the guidelines for debris mitigation, there is a serious lack of

policy to outline the removal aspect. To have a clear picture of
where the active debris removal (ADR) concepts stands, there arises
a need for a compilation of all the recent work done. Hence, a re-
view of all the major concepts has been compiled in this article.

The different methods which have been envisioned to clean the
frequently used orbital regions are classified in Fig. 1 and are
elaborated further below. Each method varies in the aspect of
implementation, philosophy, and design. A limited set of literature
in each category has been sampled and reviewed. The sampling
was done based on the importance of the work done, which
helped moved the concept forward. The sampled data does not
represent the total papers on the concept published in a year. But
all the methods have been carefully studied and classified based
on their core competency. A highlight table is provided after the
different methods to show the important parameters of the clas-
sification. The figures following the methods highlight the main
aspect (milestones), which moved the concept forward with every
paper.

2. Literature survey
2.1. Collective methods

Bonnal and Ruault (2013) [5] have compared the findings of
different organizations working on ADR projects for centre national

Active Debris

Removal
Methods
Tether- Satellite DY
Laser-based Systems-
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Fig. 1. Classification of active debris removal methods.
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d'études spatiales (CNES). They discuss a strategy on sorting and
prioritizing debris for removal which includes high-level functions
for creating a removal model. Even though they try to answer the
question of prioritizing the debris removal aspect, they could not
settle on the answer for what has to be actually performed. This still
leaves us with a major paradox to think about. They claim that no
space agency will equally prioritize the ADR missions to the Earth
observation missions. But things have changed. Now, even the In-
ternational Space Station (ISS) is being used as a platform for debris
removal experiments. They have further put an open question on
the legal, political, financial, and international cooperation issues.
This leaves us with a larger mandate to explore and find solutions.
Emanuelli et al. (2014) [6] discuss the non-technical challenges
associated with ADR. They have built the policy, legal, technical,
and economic framework to deorbit debris based on scorecard
method. They use a case study on “CleanSpace One” to elaborate on
the concept addressing the issue. Even though they have discussed
the economically, politically, and legally viable ADR concepts, they
have not given a clear winner in that area. The scorecard method to
determine an ADR concept is not practical in the terms of engi-
neering perspective. A more robust method to determine the effi-
cient ADR method is required. Petersa et al. (2016) [7] consider a
concept of autonomous spacecraft to remove space debris. They
have constructed an economically viable architecture for removal
of debris using the lowest Av budget. The principle architecture
used for the spacecraft (Active Debris Removal Satellite # A) is
constructed in-depth. They emphasize on the legal, policy, and
funding framework as being the parameters that take forward the
ADR concepts, but it may not be necessarily important. Their
concept still has a lot of unsolved technical challenges. Shan et al.
(2016) [8] explain the different phases and types of capturing and
removal of space debris. They focus on the non-cooperative analysis
of debris during the capture phase. Their comparison deals with
contact and contact-less methods of debris removal methods. Even
though their collation is comprehensive, the details were reserved
for only the state-of-the-art of the methods. The non-
cooperative analysis does not feature the updated methods and was
focused on the methods existing during that time. Forshaw et al.
(2017) [9] try to brief the “RemoveDebris” test mission which in-
cludes a sequence of removal methods to be tested in the space
environment. It tends to prove the capability of existing technolo-
gies and provide the scalability of the same. They focus on the
launch peculiarities, the testing philosophy, and the type of tests
performed across payloads. Their demonstration of capture, navi-
gation, and deorbiting capability is the first ever experiment con-
ducted in space. This gives a lot of valuable insight into the
challenges faced during a real ADR mission. Colmenarejo et al.
(2018) [10] talk about ground validation of ADR techniques. They
take a reference mission scenario known as ADR for a small satellite
mission (AnDROID) and describe the rendezvous and capture op-
erations using a robotic arm and net system. They analyze three
different types of target states namely cooperative, non-coopera-
tive, and non-cooperative and tumbling. They define the control
system architecture with hardware and software phases along with
the chase guidance, navigation, and control (GNC) system. It uses
visual-based navigation composed of image processing algorithms
and monocular camera. They describe the control systems of 7-
degrees of freedom (DOF) LEMUR robotic manipulator and test and
simulate the systems. Many critical systems have been tested and
validated, but it needs to be experimentally verified before
operation.

The concept of collective method involves various ADR methods
which has been clubbed together to build a robust system which
can carry out the tasks in synchronization. As the set of papers
explain, it begins with the strategy on prioritizing debris, sorting

non-technical challenges, using autonomous spacecraft, non-
cooperative analysis, a prototype experiment, and ground valida-
tion. These ideas have contributed significantly to the knowledge of
collective methods. Table 1. gives the highlights and Fig. 2 shows
the milestones achieved in the collective methods.

2.2. Laser-based methods

Phipps (2011) [11] describes a high-power pulsed laser system
which shoots plasma jets from ground on the objects to slow
them down. He adds on the advances made in the laser orbital
debris removal (LODR) systems to make the method to be cost-
effective. The LODR is definitely found to be effective in
removing both large and small debris. It has the capability to
handle tumbling or uncooperative debris. Even though the sys-
tem is found to be cost effective, the readiness and response of
the system is not up to the mark. Target acquisition is also an
issue in the above method. Soulard et al. (2014) [12] discuss the
architecture of the laser developed by International Coherent
Amplification Network (ICAN). They propose to install the system
in space which can be used for the purpose of tracking and
deorbiting small-scale hyper-velocity space debris. Using the
laser for both shooting and scanning and tracking is a very
compact approach for such a system. The system is efficiently
designed for taking down hyper-velocity objects. Even though it
is extremely efficient, moving and assembling the system poses
an issue in reality, which has to be addressed in the future.
Shuangyan et al. (2014) [13] talk about laser irradiation to ablate
part of the debris material to provide an impulse in order to
deorbit the debris. A 100 Hz space-based laser system which
could be used for protecting the ISS is demonstrated. They have
estimated the laser repeat frequency for ablation. It is found to
be very low for any actual debris. The angle of irradiation is
found to be very effective. The protection for ISS can be scaled up
to a major removal project. Schmitz et al. (2015) [14] developed a
parametric mission performance model using Nd:YAG space-
based laser. The model was simulated to quantify the range of
performance of the system, and they also emphasize the
requirement of a target catalog for the smooth operation of the

Table 1
Highlights of collective methods.

Collective methods

Core competency Major programs involving multiple ADR methods
Pros Uses the strengths of every method collectively
Cons No single method is used in-depth

Latest discovery AnDROID mission

ADR, active debris removal.

Collective methods
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Fig. 2. Milestones in collective methods.
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laser. They have identified the system drivers of laser-based
missions as laser maximum operating range, beam tracking ve-
locity or mirror agility, and power supply. They discuss creating a
catalog of debris object for the laser to operate but express un-
certainties of the approach. There will also be other issues such
as energy consumption and waste heat generation which needs
to be addressed. The promising performance claims need to be
proved to have an actual estimate. Yang et al. (2016) [15] focus
on the “LightForce” concept simulation approach to assess the
long-term impact. It is a ground based off the shelf laser which
uses photon pressure to perturb the orbit of a debris object. They
perform two conjunction analysis including short-term approach
and long-term approach and establish the results. The simulation
gives an insight into the working of the concept for a year, which
is very valuable to evaluate the efficiency of the system. The
reduction in the number of collisions from the simulated results
does look promising, but it has to be validated in a real-time
scenario. Wen et al. (2017) [16] researched on the hybrid oper-
ation of ground-based laser and space-based laser to achieve
optimum performance on debris removal. They use the ablation
impulse coupling model to perform the deorbiting sequence, and
the same was numerically simulated to verify the efficiency of
operation. The sequence of deorbiting debris involves a gap be-
tween ground and space-based laser systems, which works only
if the former could not complete the task. This can be optimized
to function together to perform efficiently. This method can only
remove small-scale debris, which is not very optimistic for the
amount of debris present in orbit. Gambi and Garcia del Pino
(2017) [17] focus on a strategy to shoot down medium-sized
space debris using space-based laser. They calculate the laser
intercept point at position in which the relative velocity of the
object with respect to the laser system is apparently zero. They
discuss different combinations to shoot a piece of debris. Even
with different calculations and optimizations, it takes 8 min and
3.7 km/s on an average to deorbit a piece of debris. This seems to
be impractical with existing technologies. It also houses huge
errors in the targeting model. Shuvalov et al. (2017) [18] bring
about the simulation of dynamic action of plasma-beam high-
energy ions on an object and study its long-term effects. They
intend to use a space-borne ion thruster to produce the laser
beams and mount it on a satellite to target space debris. They
work on the long-term exposure of a coating material to high-
energy ions. The results were computed experimentally, gath-
ering valuable data on the reaction. It has to be implemented in
real-time to observe the actual effects, which will vary drasti-
cally. This experiment was connected with the Low Earth Orbit
Security with Enhanced Electric Propulsion (LEOSWEEP) project.
Wen et al. (2018) [19] study about the impact of the orbital el-
ements on a space-based laser station due to debris removal.
They model the target and the station in a circular orbit and use
momentum transfer to understand the relationship. They cate-
gorize the impacts with change in inclination and right ascension
of the ascending node (RAAN). The elimination window is con-
nected with the plane and is affected by inclination. Shared
RAAN will require less power for elimination. The impacting
parameters are more than inclination and RAAN, which has to be
researched.

The laser-based ADR concept involves high-power laser used to
sublimate the debris, either from ground or space. As the papers
describe, the LODR program initiated the concept, ICAN brought the
laser to space, laser ablation to deorbit, cataloged target deorbiting
with Nd:YAG laser, perturbation with photon pressure, shooting
strategies from ground, high-energy ion interaction, and impact of
orbital elements on a station. These breakthroughs have propelled
the concept of laser-based method forward. Table 2 gives the

Table 2
Highlights of laser-based methods.

Laser-based methods

Core competency Involves a laser to shoot debris from ground or space
Pros Low cost and very much feasible

Cons Range and angle of operation is limited

Latest discovery Orbital elements impact on a laser station

highlights and Fig. 3 shows the milestones achieved in the laser-
based methods.

2.3. lon-beam shepherd-based methods

Bombardelli and Pelaez (2011) [20] visualize the ion-beam
shepherd (IBS) concept, which emits a beam of quasi-neutral
plasma toward a target to impart a propulsive force on it. They
discuss the capability of the system, which can operate only in
close-range due to beam divergence effects and pointing errors.
They further optimize mass to produce constant thrust for the
system. The concept of momentum transfer for deorbiting debris is
sufficiently ineffective, considering the mass of the debris and the
thrust produced. It holds many issues such as sputtering and
backflow, which needs to be addressed. Merino et al. (2013) [21]
develop the IBS concept into a sustainable model wherein, they add
a secondary propulsion system to stabilize shepherd satellite. They
calculate the propulsive requirements and the forces and torques
transmitted by the beam onto the debris. They further explore the
controllability aspect of the system. The plasma plume interaction
between the spacecraft and the debris was studied, but the fallout
from the interaction could affect the health of the shepherd
spacecraft. Controlling the complex debris system remains to be
unchallenged, and only a simple controller was designed. Kitamura
et al. (2014) [22] propose the IBS concept for geosynchronous Earth
orbit (GEO) by re-orbiting the debris into disposal orbits. They use
two ion engines in the opposite sides of the spacecraft to push the
debris into disposal orbit. They study the effects of ion-beam irra-
diation, contamination, and non-cooperative target rendezvous.
Even though simulations of beam convergence, back-sputtering
and non-cooperative rendezvous give a desired result, the real-
time flight data should be obtained for conclusion. Ruiz et al.
(2014) [23] describe the FP7 LEOSWEEP project aimed at major
advances in the analysis, implementation, and applicability of
advanced electrical propulsion concepts in ADR methods. They
focus on the efficiency of actuation and control of the shepherd
spacecraft to align the beam on the target. The ion-beam diver-
gence was limited to be as small as possible to keep a safe distance

Laser-based methods

2019 : :
Station orbital elements
2018 Hybrid laser impact, 2018 9
operation,
2017 2017 9 L] e
Plasma beam
&l Speue fess * effect, 2017
aser, Photon
g 019 pressure Shooting
> 2014 PN e perturbation, debris, 2017
2013 Hyper-velocity 2016
spaczeoqijbns, Ablation by laser
2012 irradiation, 2014
Pulsed laser
<018 system, 2011
2010

Milestones

Fig. 3. Milestones in laser-based methods.



198 C.P. Mark, S. Kamath / Space Policy 47 (2019) 194—206

between the target and the shepherd. The laboratory tests are only
proposed to validate numerical data. Those test results will be
crucial for the technology development. Schaub and Sternovsky
(2014) [24] propose a similar concept to IBS for GEO which uses
electrostatic forces to re-orbit the debris. They model the forces
between the tug and debris and optimize the potentials. Using craft
charging model, they neutralize the current between them to
produce thrust. They numerically simulate the charging to study
the potentials. Determining craft separation distance using poten-
tials is a state-of-the-art method, which is very valuable for any
application. They claim that an equal potential condition will pro-
duce a better performance, but building a tug equal to the size of
debris is not feasible. Cichocki et al. (2016) [25] propose to optimize
the electric propulsion subsystem in IBS concept. They discuss the
propulsion subsystem constraints with current available technol-
ogy. They further model the momentum transfer efficiency by
building a plume solution and study the interaction with the target.
Finally, they optimize the propulsion subsystem by considering a
few assumptions. Even though they have used design performance
models to obtain optimized results, experimental techniques will
provide accurate results. They claim that the plume physics will
substantially affect the design choice with divergence angle and
operational voltage, but they used only a single type of thruster
(radio-frequency ion thrusters) for study, and hence, it cannot be
proven. Aslanov and Ledkov (2017) [26] develop a mathematical
model of the debris to study its attitude motion under the influence
of ion flow. They use the planar equations to model and calculate
the force and torque. They utilize plasma plume expansion and fully
diffused ion reflection models to simulate the data. They find that
the motion of the debris around its center of mass has a significant
effect on the removal time which is a possible state to be considered
during the removal process. The study of oscillations around the
stable equilibrium point will significantly contribute to enhance the
design. Shuvalov et al. (2017) [27] study the long-term dynamics of
the debris due to the influence of ion beam. They conduct an
experiment with space debris object coating material system to
study sputtering and momentum transfer. The sputtering yields
were collected by equating exposure regimes in orbit and the
experiment. The dynamics are governed by the forces of ion and
electron bombardment, material sputtering, and Coulomb inter-
action. The interaction of sputtering yield and high-energy ion
normal and tangential momentum accommodation coefficients
with bombarding particle energy gives a valuable insight into the
dynamics of the system. Cichocki et al. (2018) [28] study the
interaction of plasma plume on the spacecraft and debris by
simulating using a code. They model the plume with back scat-
tering and sputtering. Further, they create a sheath model with
dielectric and conductive materials to calculate the current density.
Then, the forces and torques were computed based on the linear
momentum of impacting and emitted macroparticles, electron
linear momentum, and electric forces. Sensitivity analysis was
carried out on the results based on the change in electron cooling
rate, ambient plasma, collisions, and debris position. They claim
that heavier species produce back scattering, along with contami-
nation of spacecraft, plasma plume electrical connection, and force
contribution, which has to be validated to get a clear understand-
ing. Hakima and Emami (2018) [29] focus on the use of IBS in LEO.
They calculate the time required to deorbit the debris. They use
three thrusters to model the spacecraft. They point out the
importance of keeping a safe distance and the dangers of
contamination. They further compare the performance with other
ADR methods and asses mission cost and risk. The Monte Carlo
analysis to analyze performance of methods is not sufficient to
determining facts. Any conclusion has to be verified experimentally
to confirm. Ledkov and Aslanov (2018) [30] determine the effects of

IBS, considering atmospheric effects on the debris. They build a
mathematical model, considering gravity, aerodynamic, and ion-
beam forces and torques. The space debris is modeled as a cylin-
drical rigid-body. Then they simulate the debris removal using the
model. They find that the presence of atmosphere significantly
reduces the time of descent. They claim that when the debris
orientation is perpendicular to the beam, it is effective, and the
amplitude of oscillations affect the operation. This has to be verified
experimentally to be proven.

The IBS concept involves stationing a chaser satellite and pro-
jecting ion beams onto the debris to push and deorbit it. As the
papers describe, the quasi-neutral plasma beam initiates the IBS
concept, secondary propulsion system for stability, IBS for GEO,
LEOSWEEP concept aimed at alignment, electrostatic forces to re-
orbit, electric propulsion subsystem, attitude motion under ion
flow, dynamics of debris during beam targeting, interaction of
plasma plume, IBS in LEO, and atmospheric effects of IBS. These
ideas have moved the concept forward, at a priority. Table 3 gives
the highlights and Fig. 4 shows the milestones achieved in the IBS-
based methods.

2.4. Tether-based methods

Sanmartin et al. (1993) [31] propose an electron collection
concept for electro dynamic tethers (EDT). They use bare-wire
anode for the tether. They expose the anode end to the plasma as
the emitter. They calculate the potentials in generator mode and
thruster mode for different exposed area of the wire. The electro-
dynamic tether claimed by the author is multikilometer long, and
hence the technical feasibility has to be ascertained. The concept is
promising, but efficiency has to be improved. Kawamoto et al.
(2009) [32] chose an orbit of 1000 km altitude and 83-degree
inclination to study the distribution of space debris for imple-
menting a plan to remove them. They propose the use of EDT to
attract the debris and slow them down to deorbit them back into
the atmosphere to let it burn. They further simulate the mission to
identify orbital changes and tether stability. They claim to use
piggyback satellites for debris removal. But the legal issues are not
explored in the context. Its shown that an EDT of 5—-10 km can

Table 3
Highlights of IBS-based methods.

IBS-based methods

Core competency Projects ions onto debris to push it
Pros Quicker and feasible

Cons Requires more power

Latest discovery Atmospheric effect on IBS
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remove a piece of debris within a year. This is a very optimistic
target and cannot be proven until it is analyzed in real-time. Guang
et al. (2012) [33] focus on debris present in the geostationary orbit.
They analyze the debris composition to determine the best trajec-
tory to perform the rendezvous. They design a space-based tether-
net system intended to capture debris and bring it to a graveyard
orbit, which eventually decays and burns. They also design the
mission architecture along with the controls. Although the mission
was designed, there were neither case studies nor experimental
results to validate the method. Benvenuto et al. (2015) [34] explore
the possibilities in the use of throw-nets and tow-tethers. They
discuss the challenges faced during the different phases of opera-
tion of flexible tethered-net systems from the GNC point of view.
They use multibody simulation to understand flexible ADR systems.
The simulations give a broad understanding of the tether-net sys-
tem. It gives precise data to design the actual mission. The exper-
imental results help in validating the data and support the
discussion. Dudziak et al. (2015) [35] carried out empirical testing
and numerical modeling of a harpoon to secure debris. Initially,
they characterized the targets to imitate experimental targets for
tests. A medium velocity gas gun was used to shoot the harpoons
onto the targets. They further tested the blunt and conical types of
projectile for impact, penetration, and secondary debris creation.
The lock-on systems and penetration onto obstructive structures
were tested along with microgravity environment. The preliminary
results are promising, and it gives a detailed idea to establish the
harpoon technology. Other detailed updates will be necessary to
finalize the results. A damper system will be required to handle the
recoil, and their future work presents it. Huang et al. (2016) [36]
propose an adaptive control strategy for space debris removal using
tethered space robot. They derived the dynamics of base, tether,
and target to model the system for control. They modified the
adaptive controller to accommodate the complex dynamics of the
system. Then they test the controller for its performance and effi-
ciency for the removal of debris. Even though they could modify the
controller for the complexities, it is uncertain how effective it
would be in real-time. Converging results will also house errors
which cannot be determined. Testing in an actual system is
required to remove the uncertainties. Shan et al. (2017) [37] explain
the dynamics of flexible tethered-net deployment using the abso-
lute nodal coordinates formulation (ANCF) method. They compare
the mass-spring model, and the ANCF model used for multibody
dynamics in the perspective of net deployment. The simulation of
the deployment process was performed to understand the dy-
namics. They figured out that the two models differ below 10%.
Using the different driving parameters in a net system to investi-
gate the dynamics gives a deep insight into the system. But the
proven ANCF model, being computationally expensive, is not reli-
able for multiple simulations. The dynamics has to be eventually
verified by experimental methods for uncertainties. Sharf et al.
(2017) [38] focus on the net closing mechanism of a tether-net
capture system. They designed a tether-net closure model, which
is actuated by the main tether and secures the debris. Furthers, they
designed a test-bed for simulation, which was used for testing the
net under the influence of gravity. The system was modeled in a
multibody dynamics tool to simulate contact dynamics. The net
deployment dynamics was experimentally verified. The concept
simulation and experimental verification establishes the dynamics
of the model. Even with multiple validation, the performance of the
mechanism has to be verified in actual environment to observe the
behavior. Sanchez-Arriaga and Chen (2017) [39] talk about low-
work-function tethers using photoemission effects. They mathe-
matically model the system, including the current produced by the
photoelectrons. The plasma contact model was incorporated for the
current source. Then, the electrodynamic performance was

evaluated, and the optimum material was selected based on the
performance. The replacement of cathode by passive elements
gives considerable efficiency. The photoelectric and thermionic
effects play a considerable role in the system, and it was incorpo-
rated into it, improving the accuracy. The model has to be used in a
real-time mission to be validated. Chu et al. (2018) [40] propose a
hybrid tension control method for tumbling debris. They use a
space tug with tether for debris capture and removal. The
dynamical model was constructed with three reference frames, and
the orbital motion was incorporated. Further, a hybrid control
system was designed with fuzzy adaptive method for stability.
Then, numerical simulation was carried out to ascertain the states
with the impact of sway on tether windings. The proposed coor-
dinated control method has been proved to control the relative
motion between the target and the spacecraft. But still, the algo-
rithm has to be optimized for shorter time to control.

The tether-based ADR concept involves attaching a long wire to
a piece of debris and letting the Earth's magnetic field act on it to
slowly pull it back into the atmosphere. As the papers describe, the
electron collection concept was initiated, the use of EDT in a specific
LEO, push GEO debris to graveyard orbit, use of throw-nets and
tow-tethers, harpooning EDT, adaptive control strategy, flexible
tethered-net deployment, net closing mechanism, low-work-
function tethers, and hybrid tension control method. These ideas
have improved the tether-based method. Table 4 gives the high-
lights and Fig. 5 shows the milestones achieved in the tether-based
methods.

2.5. Sail-based methods

Romagnoli and Theil (2011) [41] explore the area of solar sails
in the application of deorbiting space debris. They model the
orbital dynamics of the sail, including the various perturbations.
They derived the attitude kinematics and dynamics equation,
assuming the sail-craft to be a rigid body. A simulation of both
orbital and the attitude dynamics was performed to determine its
state after a few days. It was found that the spacecraft successfully
deorbited after a few months. They claim that the solar sail can

Table 4
Highlights of tether-based methods.

Tether-based methods

Core competency Involves a charged tether attached to debris
Pros No power nor maintenance

Cons Very slow in action

Latest discovery Tension control for tumbling debris
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Fig. 5. Milestones in tether-based methods.
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reduce the deorbiting time of a spacecraft than performing only by
using its surface. Even though its advantageous to use a sail, the
collateral effects could be far more severe in real-time. Aero-
braking can lead to causing lift, which can extend the lifetime of a
spacecraft in orbit. Pfisterer et al. (2011) [42] design a spacecraft
named as KnightSat II and its sail mechanism known as attitude
control and aerodynamic drag sail system. The project's main aim
is to deploy a gossamer sail to reduce the time for deorbiting end-
of-life satellites. The system was simulated and analyzed for load
and drag. They claim that a satellite in orbit at around 600 km
altitude will be deorbited within 6 months, but it cannot be
proven due to various uncertainties in real-time conditions.
Further, coupling with an electrodynamic tether will be useful for
a faster deorbit rate. Fernandez et al. (2014) [43] propose a
gossamer deorbiter sail system which utilizes drag and solar ra-
diation pressure (SRP) for removal of debris. They analyze the
mission details such as orbits, collision, re-entry, and thermal
loads. The design was based on telescopic deployer system, which
extends and unfurls to deploy the sail. Further, they test the sail
focused on sail material and the static and dynamic structural
properties of deployment booms. Then, qualification tests were
performed to ascertain the performance in real-time environment.
They analyzed several scenarios of potential application of the sail
system, which included full-scale model functional tests and
performance scalability. Their results show significant decrease in
deorbit time and increase in ceiling altitude for sail-based deor-
biting platform. The Gossamer de-orbiter has to be tested in an
actual flight condition to know the environmental behavior and
fragmentation risk. Visagie et al. (2015) [44] focus on the reduc-
tion of collision risk using a deployable drag-sail which uses drag
augmentation to deorbit space debris. They perform a comparison
analysis using area-time-product and collision risk analysis to
cover missing factors. The system was modeled to analytically
estimate the drag area for a given deorbit time. Further, the
collision probability of the sail satellite during deorbit phase is
determined. The usage of appropriate atmospheric models during
orbit decay improves prediction accuracy. The importance of
deorbit start epoch, which has been highlighted, is a major factor
for deorbit time. Even if different noises exist, the model has been
predicted with precision. Ham et al. (2016) [45] study a space
system consisting of an inflatable magnetic sail. They use
KnightSat II as their spacecraft, and it consists of magnetic torque
coils imprinted upon the a Kapton film. They manufacture a pro-
totype to test the system along with the supporting mechanism
and bus subsystems. They claim to apply the sail to rapidly deorbit
satellites and use for attitude control. The ground prototype was
used to prove the effectiveness, which also produced valid results.
Kelly et al. (2018) [46] explore the possibility of removing debris
from GEO using sails. They model the satellite dynamics using SRP.
Using that, they optimize the sail orientation and control it by
rotating the sail perpendicular to the incoming sunlight. The
“TugSat”, installed with the sail and used for pushing the debris,
will glide to the target orbit and push it to a graveyard orbit. They
analyze the various parameters affecting the orbit, including semi-
major axis, eccentricity, inclination, longitude targeting, and
simulate the deorbit. The viability of using SRP wholly for con-
trolling satellites have to be investigated further.

The sail-based method involves using a large surface fabric to
trap SRP and use it as a method of propulsion or control. As the
papers describe, its starts with the analysis of sail's deorbit time,
using KnightSat Il concept for attitude control, gossamer deorbiter
sail, deployable drag sail, inflatable magnetic sail, and using sails in
GEO. These ideas have taken forward the concept of sail-based ADR
method. Table 5 gives the highlights, and Fig. 6 shows the mile-
stones achieved in the sail-based methods.

Table 5
Highlights of sail-based methods.

Sail-based methods

Core competency Uses SRP to augment drag with a large surface area
Pros No external fuel or power

Cons Very slow and uncontrollable

Latest discovery Sail control from incoming sunlight

SRP, solar radiation pressure.

2.6. Satellite-based methods

Nishida et al. (2009) [47] discuss a space debris removal system
using microsatellites. They study the method to remove satellites
from their respective orbits. The strategy for removing satellites
from Sun-synchronous LEO was discussed. The satellites use a ro-
botic extensible arm to capture the debris. They claim to use EDT for
orbital transfer, but its effectiveness is very slow, and moving be-
tween orbits is considered time consuming. Nishida and Kawamoto
(2011) [48] highlights the strategy for orbital debris, which includes
designing safe space systems and removing existing debris. Their
removal method uses a micro sat, piggy-backed on a common
mission and deployed to attach EDT onto the debris. They exemplify
the key technologies required for such a composition. It includes
approach, rendezvous, orbit changes, capture, and arm control. A
satellite is used to maneuver into position, and a robotic arm with a
brush-contactor is used to secure the debris. They simulate the
capture system to identify possible bottlenecks. Adding autono-
mous technologies will increase the safety aspect of a mission, but
all the intricate details of the complexity of space have to be
incorporated for a successful maneuver. The braking simulations
were yielding good results, but experiments have to be performed
and compared. Castronuovo (2011) [49] envisages a prospect of
deorbiting 35 large objects in 7 years using a chaser satellite.
Initially, he categorizes interested debris objects for mission plan-
ning. Then, the phases of the mission were described, which in-
cludes free-flight, orbit phasing, far range rendezvous, close range
rendezvous, mating, and deorbit device attachment. The mission
would be to launch a satellite holding a number of deorbiting de-
vices within it, which are attached to the debris and deorbited. He
has also done a sample mission with a specific launch configuration
date. The debris categorization analysis provides a deep insight into
the different types of debris, orbiting the commercial orbits. The
concept of orbiting warehouse for re-supply missions will be very
useful for long-term missions. The author claims to remove 35
debris in a 7-year period. It can be only proven with a real-time
mission. Levin et al. (2012) [50] explore into the frontier of debris
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removal from LEO at a wholesale rate. They ranked the debris and
determined the best one to start with. They contemplate the
different methods to remove debris using a satellite. It includes
drag devices, rockets, electrodynamic systems, recycling, and a
method for traffic coordination. They analyzed the LEO and the
possibilities to determine electrodynamic propulsion as the best
suitable method to remove debris from it. They proved that the cost
factor of removal will eventually establish wholesale active removal
of debris, which is absolutely commendable. Covello (2012) [51]
designs a mission at systems level using electrical propulsion for
the satellite used for removing debris. The debris was classified and
selected based on feasibility of removal. He uses two concepts, one
for moving debris to disposal orbit by the satellite and the other by
attaching a removal device. Then, he focuses on the electric pro-
pulsion viability. He also did a trade-off study between electrical
and chemical propulsion to prove the economically viable option.
The advantages of using electric propulsion are enormous, which
was shown in the discussion. He prioritizes the satellite-moving
concept as the preferable one, but the causes are not proven.
Eventually, he concludes that the deorbit devices concept will be
more economical. This concept is a proven technology and using it
will be more viable, as stated. Missel et al. (2013) [52] provide a
path optimization strategy for space debris removal using “Sling-
Sat (4S) mission” satellite which captures and ejects debris plasti-
cally. They simulate the procedure with medium-to-small debris in
LEO. Sling-Sat is modeled as a spinning satellite with collectors at
the end of arms. Once the mission loop was finalized, they applied
genetic algorithm to optimize the trajectory. They modularized the
mission into several parts to simplify the subroutines. Finally, the
optimized solution was applied to the mission. The simulation of
real debris orbits gives an accurate fit for a mission, which was
precisely performed. Fuel efficiency and shorter time period is in
fact an advantage in this type of mission. Sahara (2014) [53] focuses
on a three-dimensional (3D) satellite constellation to remove space
debris. The orbital transfer problem was solved using the Lambert's
equation, and the required Av was calculated. Then he analyzes the
potential for 3D positioning of the satellites in a constellation to
work together. The initial analysis of 38 satellites unable to remove
all the debris shows the complexity of positioning a swarm of
satellites in a debris environment. Even with a two-stage strategy, it
is not possible to clear the orbit completely. This method has to be
optimized to have a higher efficiency. Rybus et al. (2014) [54] have
designed an unmanned spacecraft equipped with manipulators
which aid in securing tumbling debris. They model the system
dynamics, formulate the problem, and solve it with rapidly
exploring random trees algorithm. The satellite system model was
considered as a rigid body with variable inertia tensor and analyzed
with rotational motion. They analyze the results to find that the
rotational energy is converted to heat and lost during the capture of
a tumbling debris. The work involved finding a trajectory to mini-
mize the rotational energy loss. Using a dual system will be difficult
to control, and the mission may lead to a loss. The methodology has
to be enhanced to stop the rotation and perform linear motions.
Dubanchet et al. (2015) [55] propose a controller for a robotic arm
mounted on a satellite to capture massive debris including dead
satellites or launch vehicle upper stages. It uses dynamic models
which rely on an adapted Newton-Euler algorithm and control al-
gorithms based on the fixed-structure Hoo synthesis. They model
the robotic arm with 6-DOF and control the dynamics. Then they
design the controller with two architectures, namely free-flying
and free-floating type. A lower processing requirement controller
was chosen to work in the space environment, and it was simu-
lated. The effect of the arm movements will be felt on the base, and
its attitude can change. This has serious consequences on the
control of the satellite and needs to be incorporated for better

results. Ruggiero et al. (2015) [56] propose an electric propulsion
platform for deorbiting space debris. The mission scenario was
planned in stages, and the satellite was designed based on the
payload capacity of small-satellite launchers. They analyze the
debris present in LEO and the possible approach of removing them
efficiently. The usage of Hall effect thruster-based propulsion sys-
tem is more efficient than chemical propulsion and will lead to a
larger coverage area. But its effect on real objects has not been
analyzed. Sufficient data can only be obtained by using the system
on a real debris. Wenbin et al. (2016) [57] have designed a 7-DOF
redundant manipulator for clearing large space debris mounted
on a satellite. They have developed a kinematic model of the
manipulator to simulate the operation and verified it with an in-
verse kinematics optimization algorithm. The optimization is based
on weighted least-norm algorithm, which improves tracking ac-
curacy. The system was simulated based on the kinematics formula.
The kinematics model gives an accurate prediction based on
microgravity environment, but it needs to be validated before
deployment. Aslanov and Yudintsev (2018) [58] talk about using
Coulomb force to control the motion of satellite tug. Using this
technique, they have ascertained that pushing the target would
give optimum results. They describe the motion of the system in a
relative frame and model the equations. The feedback control law
was designed considering minimum propellent mass. The stability
analysis was carried out, and the parameters were numerically
simulated with the effects of disturbances on it. The propulsive
forces encountered during stabilizing maneuvers obtained from
simulated data are not enough to prove the mass requirement, and
other disturbances have to be considered.

The concept of satellite-based ADR method involves an attach-
ment on a satellite (like a manipulator arm) which grapples the
debris and pushes it around. As the papers describe, the concept
initiates with microsatellites in LEO, piggy-backed micro sat with
EDT, deorbiting devices in a satellite, wholesale removal, electric
propulsion, capturing and ejecting debris with Sling-Sat (4S)
mission, 3D satellite constellation, spacecraft with manipulators,
controller for a robotic arm on a satellite, Hall effect thrusters, 7-
DOF redundant manipulator, and Coulomb force-based satellite
tug. These concepts have moved the concept forward, significantly.
Table 6 gives the highlights, and Fig. 7 shows the milestones ach-
ieved in the satellite-based methods.

2.7. Unconventional methods

Andrenucci et al. (2011) [59] devise a new method of drag
augmentation known as expanding foam system which promises to
cover and deorbit debris. The mission scenario was analyzed, and
the methodology was devised. The foam is supposed to be ejected
from a platform, stick to the target surface, grow in volume, and
cover the debris. They have modeled the system and used it for
expansion analysis, which includes pressure difference and foam
viscosity. They assessed the deorbiting time and impact probability.
The size of the foam during re-entry plays a crucial role. It has to be
tested for effectiveness before the actual mission. Ganguli et al.
(2012) [60] propose a method to remove small debris by injection

Table 6
Highlights of satellite-based methods.

Satellite-based methods

Core competency Involves attachment to satellite, performing tasks
Pros Can use multiple methods

Cons Very complex

Latest discovery Coulomb force control
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of micron-scale dust over a narrow altitude band to accumulate
mass on the debris and hence deorbit it. The dust will be injected in
polar orbits to minimize precession due to gravitational anomaly.
The dust will sweep the small debris and bring it to a lower altitude,
where drag acts and the debris re-enters. They also analyzed the
risks involved in using the method and the cost effectiveness of the
concept. The dust injection concept is a cost-effective method to
clear orbits, but the maintenance of the cloud has to be analyzed to
effectively predict the consequences. Technology demonstration
has to be performed to certify its usage in real-time environment.
DeLuca et al. (2013) [61] discuss the use of an attachable hybrid
propulsion module to remove space debris from LEO. The module is
transferred from a satellite to the debris by means of a robotic arm
so as to perform a controlled disposal. They select the target based
on debris density in specific orbits and types. The mission concept
is proposed based on rendezvousing with the debris, using an
electroadhesive to mate with it, and deorbiting. They calculate the
system mass budget by optimizing the removal trajectory. The
mechanisms have to be experimentally tested for its functions to
ascertain its performance in space environment. Wormnes et al.
(2013) [62] talk about the “CleanSpace” initiative which broadly
classifies into pushing, pulling, and contact-less maneuver to
deorbit space debris. It involves attaching tethers, using throw-nets
and shooting harpoons in pulling techniques, capture before touch
strategy in pushing technique, and IBS and gas exhaust thruster in
contact-less techniques. They further focus on a deorbitational
mission planning to remove large and strategically chosen debris.
Some of the exotic developments involve solid propulsion systems,
GNC systems, expanding foams, and hybrid sails. Before a potential
mission is planned, these concepts have to be proved to establish
their capability. Bazzocchi and Reza Emami (2016) [63] try to apply
asteroid redirection methods to orbital debris removal. The prob-
lem was formulated based on the cataloged two line elements data
of debris in LEO and GEO. Some of the methods assessed include
tugboats, laser sublimation, and ion beam. They have utilized
analytical hierarchy process to assess the viability of each method
based on re-entry of debris. The performance charts have projected
tug boat and ion beam as viable methods. But more research is
expected to certify the aggregated data. Chopra and Chandra (2018)
[64] propose a method to deorbit debris using magnetic
field—controlled plasma. They analyze the small satellite launches,
predict the debris amount to get accumulated, and determine the

clearing orbit. The system was designed for a small satellite with a
plasma controller. The hardware configuration analysis was done to
ascertain and fit it into a CubeSat module. It consists of electro-
magnetic coils, which are capable of producing directional mag-
netic fields, and a controller. The deorbiting maneuvers were
analyzed with perturbations and torque control and simulated. The
functioning of a magneto-plasma propelled system in a space
environment has to be deeply investigated and experimentally
analyzed before any mission.

The concept of unconventional methods includes abnormal
ideas which help in the removal of debris, which cannot be ach-
ieved by existing techniques. As the papers describe, it initiates
with expanding foam, micron-scale dust, attachable hybrid pro-
pulsion module, CleanSpace initiative with different maneuvers,
asteroid redirection methods, and magnetic field-controlled
plasma. These are the main ideas which have contributed to the
concept's advancement. Table 7 gives the highlights, and Fig. 8
shows the milestones achieved in the unconventional methods.

2.8. Dynamical systems-based methods

Rosengren et al. (2015) [65] describe the chaotic growth of the
eccentricity in navigation satellite systems due to perturbed motion
of the moon. The chaos in orbit ensues when resonances overlap
and onsets the dynamical instability of an object in space. The
secular interactions were studied by averaging out the short peri-
odic terms. This chaos plays a significant role in the disposal stra-
tegies of the orbit. The analysis of the stability of a graveyard orbit
has given a significant insight into the disposal method. The point
of instability in active orbits have to be researched to ascertain any
threats due to the same chaos. Celletti and Gales (2015) [66] study
the dynamics of space debris in regions corresponding to minor

Table 7
Highlights of unconventional methods.

Unconventional methods

Core competency Unusual ways to deorbit

Pros Highly efficient

Cons Not feasible

Latest discovery Magnetic field-controlled plasma
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resonances. The mathematical model of the debris was treated with
Cartesian and Hamiltonian formalism, which includes Earth's
gravitational influence, the geopotential, the solar attraction, the
lunar attraction, and the SRP. Then, the size of the resonant islands
was studied, and the superposition of resonances were detected.
The trans-critical bifurcations were obtained from minor reso-
nances. They verified using fast Lyapunov indicators (FLIs)
including various Cartesian variables. The claim of no modification
of main characteristics due to minor resonances has been well
established and supported. Daquin et al. (2016) [67] study the
dynamical structure of the medium Earth orbit (MEO) region. They
explore the effect of luni-solar resonances on the orbital region by
examining the width of the chaotic layer from the overlap of nearby
resonances. Then, they use the heuristic Chirikov criteria with 2.5-
DOF approach to define the resonance centers. Further, they pre-
sent an atlas of stability maps based on dynamical structures
appearing in the MEO. The FLI stability was analyzed for hyper-
bolicity and predictability. The transport property was defined
based on the exploration of phase-space domain. When analyzing,
the reduction from 2.5-DOF to 1-DOF presents considerable inac-
curacies. It has to be revamped to have a finer detailed model.
Gkolias et al. (2016) [68] look into the effect of perturbations on an
Earth's satellite orbit. The system was modeled based on Kepler's
problem with doubly averaged potential. It involves non-autono-
mous Hamiltonian with 2-DOF motion. They study the secular
dynamics of the MEO and GEO system by means of FLI and confirm
the transition from order to chaos in orbits. The lunar nodal pre-
cession was deeply linked, and its effects were described in detail.
But the exclusion of octupole-order secular interactions will have
drastic changes in the results. Klima et al. (2016) [69] analyze the
space debris removal efforts from a game theory perspective. The
empirical estimate of orbit decay was obtained from a simulated
system. They build a collision model with Cube approach and
breakup with NASA's standard model. They simulate new launches
with past data and validate with spatial density in different altitude
angles. They investigate the strategic properties and equilibria of
the efforts to determine the effective solution to the problem. Using
game theory to predict future evolution of space debris with
simplification is not accurate, as different variables come into ex-
istence. Celletti et al. (2017) [70] explore the possible causes for the
onset of chaos in space debris dynamics. They create a mathe-
matical model of the space debris including all the influencing
disturbances and apply Cartesian, Delaunay, Milankovitch, and
epicyclic variables to study the effects. The resonances were trap-
ped to analyze the harmonic effects including the effect of ]2,
tesseral, secular, and semisecular. They identify the onset of chaos
in a conservative regime with overlapping tesseral resonances and
luni-solar secular resonances. Using the results to design disposal

strategies is a fine task, but it has to be built on more simulated and
experimental data. Suryanarayanan (2017) [71] focuses on pre-
dicting debris collisions using dynamical systems theory and chaos
theory. The collision probability was detected using both the the-
ories, and convergence in phase-space was defined. He builds a
debris trajectory based on phase-space model and studies the in-
fluence of the disturbances on the body. The simulated results of
the approach prove the improved accuracy of the prediction model.
The claim on higher accuracy due to the application of improved
prediction model cannot be proven unless it uses real-time data.
Efimov et al. (2018) [72] explore the long-term attitude dynamics of
debris in sun synchronous orbits (SSO). They mathematically model
the rotational dynamics of a debris object in SSO. The secular effects
in the dynamics was examined with the analysis of fast rotations
evolution. The influence of gravity gradient torque and orbital
evolution on the rotational motion was studied using conservative
evolution. The evolution equations describing the eddy-current
torque impact was derived and averaged along Cassini cycles. The
system was numerically simulated to obtain exponential deceler-
ation and chaotic stabilization along with evolution of angular
momentum direction. The application of the system on a real debris
object has to be investigated to utilize the phenomenon.

The dynamical systems-based ADR method involves deorbiting
the debris by altering the orbital parameters by various

Table 8
Highlights of dynamical systems-based methods.

Dynamical systems-based methods

Core competency De-stabilizing debris by using perturbations
Pros Very simple

Cons Takes more computational time

Latest discovery Rotational dynamics of debris in SSO
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perturbations, both natural and artificial. As the papers describe, it
initiates with chaotic growth of the eccentricity due to the moon,
debris in regions of minor resonances, dynamical structure of MEO,
perturbations on Earth's satellite, using game theory, causes for
onset of chaos, predicting debris collisions, and dynamics of debris
in SSO. All of these concepts have made a significant contribution,
driving the concept forward. Table 8 gives the highlights, and Fig. 9
shows the milestones achieved in the dynamical systems-based
methods.

3. Observations

Observing the ideas incorporated in every method, the review
has thrown light on the important aspects moving the ADR concept
forward. Based on the study, significant progress has been accom-
plished in proving the various concepts associated with the
methods, such as collective method, laser-based method, IBS-based
method, tether-based method, sail-based method, satellite-based
method, unconventional method, and dynamical systems-based
method, in the domain of space debris removal. Each concept has
been advanced, and more knowledge has been recorded with every
passing year. Furthermore, the methods have matured into exper-
imental and prototype testing phase. This has established a highly
equipped space sector, which can achieve a standalone ADR system.
Yet, a substantial amount of research is required to bring the pro-
spective systems into place.

The heavy-weight novel programs such as “CleanSpace”,
“RemoveDebris”, “AnDROID”, etc. can boost the revolution to pro-
vide a cleaner space. The majority of the methods have a lack of
experimental verification phases, which is very essential in the
growth of the concept. Others are mired in technological chal-
lenges, various noises to be incorporated, physical effects, and un-
reliable data. Based on the technological readiness and maturity
level within the sample, an analysis was conducted to ascertain
which method can reach the production phase with current
knowledge (Fig. 10). The readiness level was calculated by assigning
points based on three criteria (model, simulation and experiment)
for all the publications in each method. Then, the aggregate score
based on the sampled count on a particular method was deter-
mined. The results showed that tether-based method and dynam-
ical systems-based method have excelled in their capacity. Looking
into the future, all the methods could develop at a different pace.
But the relatively newer concepts of unconventional and dynamical

systems approach can bring a drastic change to the ADR world. A
trend analysis was also carried out to have a glimpse of the papers
sampled (Fig. 11).

In the future, the possibility of commercializing the venture is
also being probed. The required standards and policies for the
governance of space traffic management is also being setup. This
can lead to freeing up more space for better utilization of the aerial
resource. The development of any new method is impending, while
the issue worsens day by day. The research on this domain is pro-
jected to plunge forward the existing methods into a fully estab-
lished system supplying with all the relevant information to tackle
the huge issue of cleaning up the orbital region.

4. Conclusion

It has been determined that all the ADR systems are at a con-
ceptual/experimentation phase and require more study to be
established into commercially viable platforms. Different ventures
have already capitalized on the emerging trends to start standalone
ADR programs. Based on the focus of research and observations, the
tether-based method and dynamical systems-based method are at
the forefront. Further on, the concept of a mixture of methods is
also catching on. Some of the extraordinary concepts such as un-
conventional and dynamical systems approach will be in the
spotlight for surprising changes. But any newer approach, which is
more efficient is emphatically required to bring a major overhaul in
the domain of space debris removal.
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