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Abstract: The term “space debris” refers to spacecraft not removed from orbit at the end of their service
life, upper stages in the geostationary orbit region, as well as to the fragments of spacecraft and upper stages
formed as a result of deliberate or accidental collision of spacecraft and upper stages with each other or with
natural space debris.

The problem of removing space debris from outer space is a global problem. Many countries are realizing
projects on space debris cataloging, various technical means are being studied for space debris removal into
graveyard orbits with parameters agreed upon by the international community. Various countries conducting
space exploration have adopted special standards and guidelines for preventing the space debris formation

The exponential growth of space debris poses a significant threat to future space missions and the
sustainability of space exploration. This project focuses on the development and implementation of an
innovative Al-driven framework for efficient and autonomous space debris removal. Leveraging advanced
machine learning and computer vision techniques, the proposed system autonomously identifies, tracks, and
categorizes space debris, enabling targeted and precise removal strategies. The framework integrates real-
time data analysis, predictive modeling, and robotic control to orchestrate coordinated debris collection and
disposal operations. Through a combination of satellite-based sensors, data fusion algorithms, and
autonomous decision-making, the Al system demonstrates remarkable adaptability and scalability, ensuring
the continual mitigation of space debris risks.

Furthermore, the project emphasizes the importance of international collaboration and regulatory
frameworks for the adoption of standardized practices in sustainable space debris management. This
research represents a significant step toward the establishment of a safer and more sustainable space
environment, fostering the continued progress of humanity's exploration and utilization of outer space.

Key-Words - Space Debris, Al Driven Frame work, Data Fusion Algorithms, Satellite-Based Sensors,
Autonomous Decision-Making; space Debris Remediation.
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l. Introduction

The issue of space debris, also known as "space junk," has become an increasingly critical concern for
human activities in space. This collection of defunct satellites spent rocket stages, and countless fragments
poses a significant threat to our reliance on satellites for communication, navigation, and Earth observation.
Over the years, the accumulation of space debris has generated thousands of smaller fragments with each
collision or break-up, creating a cascade of potential hazards for operational satellites, crewed missions, and
the future of space exploration. The increasing congestion of orbital space has led to growing international
concerns about the sustainability of space activities and the potential of "Kessler Syndrome,” a theoretical
scenario where collisions in space could lead to an exponentially increasing amount of debris, rendering certain
orbits unusable. In this context, the intersection of cutting-edge technology and artificial intelligence (Al)
provides a promising path forward for addressing the challenge of space debris. By harnessing the power of
machine learning, computer vision, and autonomous systems, Al can enhance our ability to monitor, analyze,
and respond to the dynamic and complex environment of space. This mega project aims to develop Al-driven
solutions for space debris removal, representing a significant leap toward mitigating the risks associated with
space debris and ensuring the long-term sustainability of space activities. The project will involve the creation
of an integrated system that encompasses data collection, object recognition, trajectory prediction, real-time
decision-making, capture mechanisms, and ethical considerations. The forthcoming sections of this report will
delve into the project's methodology, data sources, Al algorithms, and their applications. It will also discuss
the challenges, outcomes, and future directions for this endeavor. Through the convergence of advanced Al
technology and the urgent need to protect our presence in space, we aim to contribute to a safer and more
sustainable future in the cosmos.

Current Scenario of Space Debris

The current scenario of space debris poses a significant threat to the space industry and requires
urgent attention. Space debris refers to man-made objects in space that have outlived their
usefulness, including abandoned spacecratft, rocket bodies, paint flecks, solidified liquids, unburned
particles, and pieces of debris resulting from erosion, collisions, or failure. Though the US Space
Surveillance Network recorded around 27,000 artificial objects in orbit above the Earth as of
November 2021, this number only accounts for the larger debris fragments that can be tracked. In
reality, millions of smaller debris fragments pose a significant risk to spacecraft. These fragments are
less than 1 centimeter in size, and there are more than 128 million of them. Additionally, there are
approximately 900,000 debris fragments between 1 and 10 cm and about 34,000 debris fragments
greater than 10 cm in orbit around the Earth as of January 2019. The damage caused by space
debris to spacecraft cannot be underestimated. Even the smallest debris fragments can cause
damage similar to sandblasting, particularly to solar panels and optics like telescopes or star trackers
that are difficult to shield with a ballistic shield. This poses a significant risk to the safety and
sustainability of space activities. To address this issue, certain players in the space industry are
carrying out the measurement, mitigation, and future removal of debris. However, given the extent
of the problem, there is still much work to be done. The space industry must come together to find
effective ways to manage the growing amount of space debris and ensure the safety and
sustainability of space activities
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FIG 1: INCREASED MONTHLY NUMBER OF OBJECTS IN EARTH'S ORBIT
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The amount of space debris orbiting our planet is a growing concern for space activities. With over 4800
launches in almost 50 years, only about 1000 of the 5000 satellites placed into orbit are still operational
today. The US Space Surveillance Network regularly tracks over 16,000 objects larger than 5 cm to 10 cm
in low Earth orbit and 30 cm to 1m at geostationary altitudes, with only 6% being operational spacecraft.
Simulating space debris removal using computer models can help optimize deorbiting strategies before real-
world deployment. In crafting a realistic scenario for the simulation, debris characterization, removal
method selection, and environmental considerations must be taken into account. With a population of space
debris that continues to grow and pose a threat to operational spacecraft, the development of efficient and
reliable methods for debris removal is crucial.

CAPTURING METHODS

The capturing method for space debris removal contains the following phases:
e Launch and Early Orbit Phase (LEOP)
e far-range rendezvous phase

e close-range rendezvous phase

e capturing phase

e removal phase

Some of the proposed methods:

1. Tentacles capturing

2. Single robotic arm capturing

3. Multiple arms capturing

4. Net capturing

5. Tether gripper capturing

6. Harpoon capturing
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1. Tentacles capturing:

In this method, the debris is captured using tentacles either with or without a robotic arm. With a robotic arm,
capturing embraces the space debris through a clamping mechanism. Then a velocity increment will be given
by the chaser to deorbit the combination. For capturing without a robotic arm, the tentacles embrace the target
before physical contact with the debris. Bouncing of chaser satellite is avoided during the process. This
technique is easy to test on the ground and has a higher technology readiness level(TRL). At the same time,
it is complicated, and more accurate relative positioning and velocity are needed.

2. Single robotic arm capturing:

The concept of using a single robotic arm for space debris removal is a promising approach to address the
escalating issue of space junk in Earth's orbit. These robotic arms are equipped with advanced tools and
sensors, allowing them to capture, grapple, or gently secure defunct satellites, spent rocket stages, and other
orbital debris. These robotic arms must navigate through space, perform precise rendezvous and docking with
the target debris, and then carry out critical tasks like deorbiting the captured objects to ensure they safely
burn up upon re-entry into Earth's atmosphere. Challenges such as accurate debris tracking, safety
considerations, high mission costs, and the need for international cooperation make this a complex endeavor.
Nevertheless, space agencies, private companies, and international organizations are actively working on
space debris removal missions, and as technology continues to advance, the use of robotic arms in this context
holds promise for a cleaner and safer orbital environment in the future

3. Multiple arms capturing:

The concept of using multiple robotic arms for space debris removal represents a cutting-edge and efficient
approach to combat the growing issue of space debris in Earth's orbit. These sophisticated spacecrafts are
equipped with multiple robotic arms, each armed with specialized tools and sensors to capture, grapple, or
gently secure defunct satellites, spent rocket stages, and other orbital debris simultaneously. This multi-armed
approach enables the removal of multiple pieces of debris in a single mission, significantly increasing
efficiency and reducing the risk to operational satellites and spacecraft. The intricate choreography required
for coordinating these arms to capture and secure debris necessitates advanced navigation and control systems.
Challenges such as precise debris tracking, safety protocols, mission costs, and international collaboration
remain, but this approach represents a significant step toward cleaner and safer space environments. As
technology continues to evolve, multi-armed space debris removal systems hold the potential to make a
substantial impact on the mitigation of space junk and safeguarding the future of space activities.

4. Net capturing:

Utilizing net capturing technology for space debris removal is a pioneering approach in the ongoing efforts to
tackle the mounting issue of orbital debris encircling Earth. These specialized spacecrafts are equipped with
nets designed to be deployed to capture and secure defunct satellites, spent rocket stages, and other space
debris. The deployment and maneuvering of the net require precise coordination and sophisticated navigation
systems. When the net successfully ensnares the debris, it can then be safely deorbited or relocated to mitigate
the risks posed by these objects to active satellites and spacecraft. Challenges, such as accurate debris tracking,
minimizing the risk of creating more debris, cost-effectiveness, and international cooperation, persist.
However, net capturing technology represents a promising step towards addressing the growing problem of
space debris, offering a method that can efficiently and safely clean up Earth's orbital environment as
technology continues to advance.

5. Tether gripper capturing:

Leveraging tether gripper technology for space debris removal presents an innovative approach in the ongoing
mission to mitigate the escalating problem of orbital debris around our planet. These specialized spacecrafts
are equipped with tether-based systems designed to capture, grapple, or securely grip defunct satellites, spent
rocket stages, and other space debris. The deployment and operation of the tether gripper require precise
control and advanced navigation systems, allowing it to accurately engage and secure the debris. Once
captured, the debris can be either deorbited, safely burned up in Earth's atmosphere, or relocated to reduce the
risks it poses to active satellites and spacecraft. Challenges such as accurate debris tracking, ensuring the
safety of the operation, cost-effectiveness, and international collaboration remain significant considerations.
Nevertheless, tether gripper technology offers a promising method for addressing the growing issue of space
debris, contributing to a cleaner and safer orbital environment as technology continues to evolve and improve.
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6. Harpoon capturing:

The use of harpoon capturing technology in space debris removal represents an innovative and effective
approach to addressing the increasing problem of orbital debris in Earth's vicinity. Specialized spacecraft are
equipped with harpoon systems designed to capture and secure defunct satellites, spent rocket stages, and
other space debris. These harpoons are precisely aimed and launched to penetrate the debris, allowing for its
safe capture and control. Once secured, the debris can be deorbited and safely disposed of, reducing the risk
it poses to operational satellites and spacecraft. Challenges such as accurate debris tracking, ensuring the
safety of the operation, cost-effectiveness, and international cooperation are key considerations. However,
harpoon-capturing technology holds promise in contributing to a cleaner and safer space environment as
technology continues to advance and as more missions are undertaken to address the critical issue of space
debris.

I1. Related work.

In recent years, there has been growing concern over the instability of the orbital debris population
in the low Earth orbit (LEO) region, as evidenced by the collision between Iridium 33 and Cosmos
2251. As a result, there has been a renewed interest in the use of active debris removal (ADR) to
help remediate the environment. However, the implementation of economically viable ADR presents
numerous challenges, including technical, resource-related, operational, legal, and political factors.
A thorough analysis of the effectiveness of ADR must be conducted before a consensus can be
reached on the need for it. To this end, a sensitivity study has been conducted to examine the use
of ADR to stabilize the future LEO debris environment. The study employs the NASA long-term
orbital debris evolutionary model, LEGEND, to evaluate the impact of various parameters, such as
target selection criteria and the timing of ADR implementation. The study also explores different
operational options to maximize the benefit-to-cost ratio. A design has also been proposed for a
system to remove medium-sized orbital debris in low Earth orbits. The system features a transfer
vehicle and a netting vehicle that works in tandem to capture the debris. The system is based near
an operational space station located at 28.5 degrees inclination and 400 km altitude. Ground-based
tracking is used to identify the location of satellite breakups or debris clouds, which is then
communicated to the transfer vehicle. The transfer vehicle then moves to the debris's location in a
lower altitude parking orbit. The netting vehicle is then deployed, which tracks and captures the
targeted debris. Once the available nets are expended, the netting vehicle returns to the transfer
vehicle for a new netting module and continues to capture more debris in the target area. After all
the netting modules are expended, the transfer vehicle returns to the space station's orbit, where it
is resupplied with new netting modules from a space shuttle load. The new modules are launched
from the ground, and the expended modules are taken back to Earth for the removal of the captured
debris, refueling, and repacking of the nets. The refurbished nets are then taken back into orbit for
reuse. The system can capture up to 50 pieces of orbital debris permission, which typically lasts
around six months. The system is designed to allow for a 30-degree inclination change on the
outgoing and incoming trips of the transfer vehicle.

I11. Motivation and objective.

Motivation: The accumulation of space debris in low Earth orbit (LEO) poses a significant threat to the safety
and sustainability of space activities. Designing a space debris removal system is crucial to mitigating the risks
of space debris collisions and preserving the future of space exploration. This research paper aims to motivate
the development of a space debris removal system and emphasize the importance of this challenge. By working
on this project, researchers can develop valuable skills such as critical thinking, problem-solving, and
teamwork. Furthermore, this paper emphasizes the need for a careful analysis of the effectiveness of space
debris removal systems to maximize the benefit-to-cost ratio. The proposed space debris removal system
outlined in this paper uses a transfer vehicle and a netting vehicle to capture medium-sized debris. The system
is based near an operational space station located at 28.5 degrees inclination and 400 km altitude. Ground-
based tracking is used to determine the location of a satellite breakup or debris cloud. The proposed system can
capture 50 pieces of orbital debris in a typical mission, with one mission taking about six months. The system
is designed to allow for a 30-degree inclination change on the outgoing and incoming trips of the transfer
vehicle. By taking on the challenge of designing a space debris removal system, researchers can make a real
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difference in preserving the future of space exploration and inspire future generations to tackle complex
problems that impact our world.

Objective: Space debris mitigation is a critical aspect of preserving the future of space exploration. The
objectives of space debris mitigation can be summarized as follows:

1. To reduce the risk of collisions between space debris and active spacecraft, which can damage or destroy
them.

2. To minimize the amount of space debris generated by space activities, which can contribute to the
accumulation of debris in LEO.

3. To ensure the long-term sustainability of space activities by maintaining a safe and stable environment in
LEO.

4. To comply with international guidelines and regulations related to space debris mitigation, which are
aimed at minimizing the negative impacts of space activities on the Earth's environment and human
populations.

5. To promote international cooperation and collaboration in space debris mitigation efforts, which can
facilitate the sharing of knowledge, resources, and expertise to achieve common goals.

IV. Proposed Approach

Building upon the aforementioned motivations and objectives of space debris mitigation, the following
comprehensive approach outlines the key steps to achieve these goals: Computer Vision, Convolutional Neural
Network, Yolo Algorithm, Classification Algorithm, Collision Avoidance, and Decision-Making Algorithm.

Fig 2. Algorithm-Based Architecture

1. Computer Vision:

In the initial stage of the process, the input image undergoes a meticulous journey through the realm of
computer vision. This begins with preprocessing techniques aimed at enhancing the quality and usability of the
visual data. Resizing ensures that the image is standardized to a manageable size suitable for subsequent
analysis. Normalization adjusts pixel values to optimize contrast, brightness, and color consistency, ensuring
uniformity across different images. Data augmentation introduces variations to the dataset, such as rotations,
flips, and distortions, enriching it with diverse perspectives and scenarios to enhance model robustness.
Following preprocessing, sophisticated feature extraction algorithms come into play. These algorithms utilize
a variety of techniques, including edge detection, texture analysis, and shape recognition, to discern subtle
patterns and structures within the image. Edge detection algorithms identify abrupt changes in pixel intensity,
highlighting object boundaries and contours. Texture analysis algorithms examine spatial variations in pixel
intensity to identify repeating patterns and textures, aiding in object recognition. Shape recognition algorithms
characterize the geometric properties of objects, such as their size, orientation, and curvature, enabling precise
object localization and classification. Using this image is taken as input
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Fig 3 : Input Image

2. Convolutional Neural Networks (CNNs):

Building upon the insights gleaned from computer vision, Convolutional Neural Networks (CNNs) emerge
as powerful tools for feature extraction and analysis. CNNs are deep learning architectures specifically
designed to handle image data, leveraging hierarchical layers of convolutional filters to extract increasingly
abstract features from raw pixel inputs. The CNN architecture typically consists of multiple layers, including
convolutional layers, pooling layers, and fully connected layers. In convolutional layers, filters are applied
across the input image to extract spatial features such as edges, corners, and textures. Pooling layers then
downsample the feature maps, reducing spatial dimensions while preserving important features. Fully
connected layers further process the extracted features, learning complex patterns and relationships between
different image regions. In the context of space debris removal, CNNs are employed for various tasks, including
detection and tracking of debris objects, autonomous navigation, and trajectory optimization. By analyzing
patterns and trajectories in satellite imagery, CNNs can accurately identify and monitor debris objects in real
time, enabling proactive decision-making and intervention strategies.

Before After
Fig 4: Masked Image

3. YOLO Algorithm:

The integration of the YOLO (You Only Look Once) algorithm revolutionizes real-time object detection
capabilities, particularly in the context of space debris monitoring. YOLO adopts a single-stage detection
approach, wherein a single neural network simultaneously predicts bounding boxes and class probabilities for
multiple objects within an image. This approach offers significant speed improvements over traditional two-
stage detection methods, making it well-suited for real-time applications. The YOLO algorithm operates by
dividing the input image into a grid of cells and predicting bounding boxes and class probabilities for objects
within each cell. These predictions are then combined across different grid cells to generate final detection
results. By efficiently processing the entire image in a single pass, YOLO achieves impressive detection
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speeds while maintaining high accuracy. In the context of space debris monitoring, YOLO enables rapid and
accurate detection of debris objects in satellite imagery. By analyzing vast quantities of data in real-time,
YOLO facilitates timely intervention and mitigation strategies to prevent collisions and ensure the safety of
space assets. In this, it calculates the area of the debris and based on the area it decides the size of the debris.

Before After
Fig 5: Calculating Area

4. Classification Algorithm:

Upon detection of debris objects, a sophisticated classification algorithm is employed to categorize and
characterize the identified objects based on various attributes. This classification process enables the system
to gain deeper insights into the nature and properties of the debris population, facilitating informed decision-
making and intervention strategies.

The classification algorithm utilizes a combination of traditional machine-learning techniques and deep-
learning models to classify debris objects based on attributes such as size, shape, material composition, and
orbital parameters. For example, Support Vector Machines (SVMs), Random Forests, and Neural Networks
can be trained on labeled data to classify debris objects into different categories.

By classifying debris objects into distinct categories, the system can prioritize mitigation efforts based on the
level of risk posed by different types of debris. For example, large and fast-moving debris objects may pose
a higher risk of collision and therefore require immediate intervention, whereas smaller and slower-moving
debris objects may pose a lower risk and can be monitored or removed at a later time.
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Fig 6. Classification Model

Your material is DEBRIS with 68.23 % accuracy.

Fig 7: Output

5. Collision Avoidance:

Collision avoidance plays a critical role in ensuring the safety and integrity of space assets and orbital
environments. The collision avoidance process involves the proactive identification of potential collision risks
and the implementation of mitigation strategies to prevent collisions from occurring. The collision avoidance
system utilizes a combination of predictive modeling, trajectory analysis, and decision-making algorithms to
assess collision risks and develop mitigation strategies. Predictive modeling techniques analyze orbital
dynamics and predict the future positions of space objects, enabling the system to anticipate potential collision
scenarios.

Trajectory analysis techniques evaluate the trajectories of space objects and identify potential intersection
points where collisions may occur. By analyzing the relative positions and velocities of space objects, the
system can determine the likelihood of collisions and prioritize mitigation efforts accordingly. Decision-
making algorithms evaluate collision risks and develop mitigation strategies based on factors such as the size,
velocity, and trajectory of space objects, as well as the potential consequences of a collision. These algorithms
take into account various constraints and objectives, such as mission requirements, operational constraints,
and safety considerations, to develop optimal collision avoidance strategies.
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By integrating predictive modeling, trajectory analysis, and decision-making algorithms, the collision
avoidance system can effectively mitigate collision risks and ensure the safety of space assets and orbital
environments.

It gives the removal order

Removal Order:

Debris at position (348, 468, 11, 12)
Debris at position (284, 440, 37, 26)
Debris at position (207, 153, 11, 12)
Debris at position (156, 126, 151, 258)

6. Debris Removal Method Selection:

Once debris objects have been detected, classified, and collision risks have been assessed, the next step is to
select an appropriate debris removal method. The selection of a debris removal method depends on factors
such as the size, shape, composition, and orbital characteristics of the debris objects, as well as operational
constraints and mission objectives. Several debris removal methods may be considered, including robotic
arms, nets, lasers, and other emerging technologies. Robotic arms can be deployed to capture and manipulate
debris objects, either for direct removal or for attachment to a larger removal vehicle. Nets can be deployed
to capture and contain debris objects, allowing them to be safely removed from orbit. Lasers can be used to
ablate or deorbit debris objects, reducing their orbital velocity and causing them to re-enter the Earth's
atmosphere. The selection of a debris removal method involves a careful evaluation of the capabilities and
limitations of each method, as well as the specific requirements of the debris removal mission. Factors such
as the size and mass of the debris objects, the complexity of their orbits, and the availability of resources and
infrastructure will influence the selection of the optimal debris removal method. By selecting an appropriate
debris removal method, the system can effectively remove debris objects from orbit and reduce the risk of
collisions with space assets and other debris objects, ensuring the safety and sustainability of orbital
environments.

For multiple debris

Small Debris 132 Use robotic arm for removal
Large Debris 390 Use harpoon net for removal
Small Debris 143 Use robotic arm for removal
Large Debris 962 Use harpoon net for removal
Large Debris 312 Use harpoon net for removal
Medium Debris 156 Use laser for removal

Large Debris 300 Use laser for removal

Large Debris 4275 Use harpoon net for removal
Large Debris 1020 Use harpoon net for removal
Large Debris 4235 Use harpoon net for removal
Large Debris 975 Use harpoon net for removal
Medium Debris 156 Use laser for removal

Small Debris 132 Use robotic arm for removal
Large Debris 38958 Use harpoon net for removal
Large Debris 183360 Use harpoon net for removal

V. ALGORITHMS USED-

CNN Algorithm- In the project we used the CNN (Convolutional Neural Network). A Convolutional Neural
Network (CNN) is a class of deep learning neural networks designed primarily for processing and analyzing
visual data, such as images and videos. CNNs have revolutionized computer vision tasks and are widely used
in image classification, object detection, facial recognition, and various other applications. While the
application of Convolutional Neural Networks (CNNSs) is not typically the primary technology used in space
debris removal, CNNs can play a role in supporting Al-based space debris tracking, analysis, and collision
risk assessment.
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Example of CNN Algorithm
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Fig 8: CNN Diagram

e OpenCV-

OpenCV, short for Open-Source Computer Vision Library, is a powerful open-source library packed
with functions for real-time computer vision tasks. It's a popular choice for developers and researchers
working in computer vision because it offers a comprehensive toolkit and is free to use. Real-time focus:
OpenCV's design prioritizes real-time applications. This focus on speed makes OpenCV suitable for
tasks like video capture and analysis, where immediate processing is crucial.
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Fig 9: Open CV Diagram

¢ YoloV3- YOLOV3 (You Only Look Once version 3) is a real-time object detection algorithm that excels
at identifying specific objects in images, videos, or live feeds. It accomplishes this by employing a deep
convolutional neural network to analyze features within an image. Unlike traditional object detection
algorithms that involve separate stages for localization and classification, YOLOVS is a single-stage
detector. This means it performs both tasks (finding bounding boxes and assigning class labels to
objects) in one go, making it faster.
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e Decision-Making Algorithm: The decision-making algorithm in space debris management analyzes
data, assesses collision risks, formulates decisions, and executes mitigation strategies. It evaluates
factors like object size, velocity, and trajectory to prioritize actions such as collision avoidance
maneuvers and debris removal operations. Optimization techniques may be employed to maximize
mission success while minimizing risks. Continuous improvement ensures adaptive responses to
evolving challenges in orbital environments.

e Classification Algorithm: The classification algorithm in space debris management categorizes
debris objects based on attributes like size, shape, and material composition. It utilizes machine
learning techniques to discern patterns and characteristics from data, enabling informed decision-
making for prioritizing mitigation efforts. This algorithm plays a crucial role in identifying high-risk
debris and guiding the selection of appropriate removal methods.

e Collision Avoidance Algorithm: A collision avoidance algorithm in space debris management
identifies potential collision risks between space objects, assesses their severity and formulates
strategies to mitigate them. It analyses factors such as object trajectories, velocities, and sizes to
prioritize actions like trajectory adjustments or maneuvers to avoid collisions. Real-time monitoring
and feedback mechanisms ensure timely responses to changing conditions. Continuous refinement
enhances the algorithm's effectiveness in safeguarding orbital environments.

V1. Conclusion:

The problem of space debris is a significant threat to the sustainability and viability of space exploration.
However, there are many ongoing efforts to develop and refine debris removal technologies. This report has
explored several approaches, including harpoon capture, net capture, and tentacle-based mechanisms. Each
method has its advantages and limitations. However, the continuous research and development efforts offer
promise for tackling this critical challenge. Simulations play a crucial role in testing and optimizing these
methods. Addressing the space debris issue requires a multifaceted approach. International cooperation is
critical for developing coordinated and effective debris removal strategies. Investing in research and
development efforts is essential to refine existing methods, explore new technologies, and enhance their
efficiency and safety. Alongside removal efforts, implementing stricter regulations and promoting responsible
practices to minimize future debris generation is crucial. By pursuing a comprehensive and collaborative
approach, we can ensure a cleaner, safer, and more sustainable future for space activities. This will not only
safeguard operational spacecraft and enable further exploration but also demonstrate our collective
responsibility towards preserving the outer space environment for generations to come.

IJCRT24A3321 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1198


http://www.ijcrt.org/

www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 3 March 2024 | ISSN: 2320-2882

VIl. REFERENCE

1. https://en.wikipedia.org
2. Final design of a space debris removal system- Manfred Leipold
3. Space Debris Elimination (SpaDE) Phase I - Daniel Gregory, JF Mergen and Aaron Ridley
4. Different Present Space Debris Removal Methods- Prachi Singh
5. STUDY OF CURRENT SCENARIO & REMOVAL METHODS OF SPACE DEBRIS - Prabhat Singh,
Dharmahinder Singh Chand, Sourav Pal, Aadya Mishra.

6. Dynamics of space debris removal: A review Mohammad Bigdeli, Rajat Srivastava, Michele Scaraggi
7. Space Debris Removal Using an Automated Capturing and Self Stabilizing System, C.L.E.O.- Tanusha
Goswami, Srinivas Ramesh lyer, Nitesh Kumar Singh, Kumud Darshan Yadav, Spoorthi Shekar, Balbir Singh
8. Space Debris book by ISRO (Indian Space Research Organization)

9. https://ieeexplore.ieee.org/

10. Loretta Hall, “The History of Space Debris,”, Space Traffic Management Conference, Embry-Riddle
Aeronautical University, 2014
11. Mehrolz, Leushacke, Flury, Jehn, Klinkard, Landgraf, “Detecting, Tracking and Imaging Space debris”,
ESA Bulletin 2002
12. Thomsen, Inna Sharf, “Experiments on tether-net capture and net closing mechanism of space debris”, IAC,
2016
13. http://www.kenkai.jaxa.jp/eng/research/kite/kite.html
14. 14.Shin-Ichiro Nishada, Tsueno Yoshikawa, “A robotic small satellite for space debris capture”, 2008 IEEE
International Conference on Robotics and Biomimetics. 42
15. Malin Space Science Systems, Exploration through Imaging. [Online]. Available:
http://www.msss.com/space-cameras/. [Accessed: 1-05- 2017]

16. Erich Bender- An Analysis of Stabilizing 3U CubeSats Using Gravity Gradient Techniques and a Low
17. Hughes, P.C, “Spacecraft Attitude Dynamics”, Wiley, New York, 1986
18. Se Young Yoon, Zongli Lin, Paul E. Allaire, “Introduction to rotor dynamics”, Springer, pp. 17-55
19. Morselli, PD Lizia, G Bianchi, “A new high sensitivity radar sensor for space debris detection and accurate
orbit determination”, Metro Aerospace 2015.

20. Sergey Edward Lyshevski, “Electromechanical Systems and Devices”, CRC Press (2008)

21. “Engineering Issues for All Major Modes of In Situ Space Debris Capture” Johns Hopkins

University/Applied Physics Laboratory, Laurel, Maryland
22. Wright, Richard J. "Orbital debris mitigation system and method." U.S. Patent No. 8,567,725, 29 Oct. 2013.
23. Missel, William,J., "Active space debris removal using capture and ejection." PhD diss., 2013.

24. H Choi, Sang, and Richard S Pappa, "Assessment study of small space debris removal by laser satellites.”
Recent Patents on Space Technology 2, pp. 116.122, Issue. 2, 2012.

25. Ishige, Y., Kawamoto, S. and Kibe, S., “Study on electrodynamic tether system for space debris removal”,
Acta Astronautica, vol. 55, Issue 11, pp. 917-929, 2004.
26. R.I. Samanta Roy, D.E. Hastings, E. Ahedo, “System Analysis of Electrodynamic Tethers, Journal of

Spacecraft and Rockets”, vol. 29, Issue. 3, 1992.

27. Ohkawa, Y., et al. "Preparation for on-orbit demonstration of electrodynamic tether on htv." Proceedings
of the Joint Conference of 30th International Symposium on Space Technology and Science, 34th International
Electric Propulsion Conference and 6th Nano-Satellite Symposium, pp.4-10, 2015.

28. Wormnes, Kjetil, et al. "ESA technologies for space debris remediation.”" 6th European Conference on
Space Debris, vol. 1. ESTEC, Noordwijk, The Netherlands: ESA Communications, 2013.

29. Williams, P., “Optimal orbit transfer with electrodynamic tether”, Journal of Guidance, Control, and

Dynamics, vol. 28, Issue 3, pp. 69-372, 2005.

30. Missel, Jonathan, and Daniele Mortari. "Path optimization for Space Sweeper with Sling-Sat: A method of
active space debris 43 emoval™ Advances in Space Research, vol. 52, Issue.7, pp. 1339-1348, 2013.

31. Gregory, D., Mergen, J., & Ridley, A., “Space debris elimination (spade) phase final report, “The National
Aeronautics and Space Administration, www. nasa. gov/pdf/716066main_Gregory 2011 Phl_SpaDE. pdf
(accessed September 15, 2013).

32. . Wright, R.,Orbital debris mitigation system and method. US Patent 8,567,725, 2013.

33. Stuart, Jeffrey, Kathleen Howell, and Roby Wilson. "Application of multi-agent coordination methods to
the design of space debris mitigation tours", Advances in Space Research, vol. 57, Issue 8, pp.1680-169, 2016.

IJCRT24A3321 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1199


http://www.ijcrt.org/
https://ieeexplore.ieee.org/
http://www.kenkai.jaxa.jp/eng/research/kite/kite.html

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 3 March 2024 | ISSN: 2320-2882
34. Okada, N. "Active debris removal using carrier and multiple deorbiting kits", 3rd European Workshop on
Space Debris Modelling and Remendiation, 2014.

35. Missel, Jonathan, and Daniele Mortari. "Removing space debris through sequential captures and ejections.”
Journal of Guidance, Control, and Dynamics, vol.

36. Issue 3, pp. 743-752, 2013. 36. N. Zinner, A. Williamson, K. Brenner, J.B. Curran, A. Isaak, M. Knoch, et
al., “Junk hunter: autonomous rendezvous, capture, and de-orbit of orbital debris”, AIAA SPACE 2011
Conference & Exposition, Long Beach, CA, USA, 2011.

37. Gregory, D. and J. Mergen, “Space debris removal using upper atmosphere and vortex generator” US
Patent, 8,657,235, 2014. 38. V. Lappas, N. Adeli, L. Visagie, J. Fernandez, T. Theodorou, W. Steyn, and M.
Perren, “CubeSail: A low cost CubeSat based solar sail demonstration mission,” Advances in Space Research,
vol. 48, Issue 11, pp. 1890-1901, 2011.

39. Bomabardelli C, Peleaz J. lon beam shepherd for contactless space debris removal. Journal of Guidance,
Control and Dynamics. 34(3):916-920 2011.

40. Retat, B. Bischof, et al., “Net capture system: a potential orbital space debris removal system”, 2nd
European Workshop on Active Debris Removal, CNES Headquarters, Paris, France, 201

IJCRT24A3321 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1200


http://www.ijcrt.org/

