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Space debris, also known as space junk, refers to human-made
objects in orbit that are no longer functional, including defunct
satellites, spent rocket bodies, and residual fragments from collisions
or disintegration events. The volume of space debris is a growing
concern for both operational satellites and future space missions, as it
poses significant risks of collision and exacerbates the problem of
even more debris generation through the Kessler Syndrome, where
collisions lead to an exponential increase in debris particles. Estimates
suggest there are over 500,000 pieces of debris larger than a marble
in Earth's orbit, alongside millions of smaller fragments.
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The sky is so wide,
But space can’t hide.
Rockets are launching,
Satellites watching,
Booms in the dark,
A flash and a spark,
Bits flying around,
And chaos is found.
Space junk, we’ve got it,
Man-made or not it.
Then comes Kessler,
A truth we can’t bend—
When things collide,
The mess never ends.
Will anyone solve it,
Or leave us to doubt?
Read on to discover,
What this is all about.Figure 1. Depiction of a space debris, as seen in the film "Space Junk 3D" (Image credit: Space Junk 3D,

LLC)
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NASA, which utilize artificial intelligence for
precise navigation and capture operations. These
ADRVs can approach, secure, and safely deorbit
large debris objects. Additionally, robotic arm
systems mounted on satellites can be equipped with
sophisticated control algorithms, enabling them to
grasp and handle various sizes and shapes of
tumbling debris safely. Another innovative approach
involves tethered-net systems, designed to entangle
debris, preventing fragmentation during capture
and ensuring secure removal. Developing these
advanced robotic solutions is a crucial step toward
sustainable space operations and long-term orbital
safety.

 Risks Associated with Space Debris
   The main risks associated with space debris
include risks to active satellites, threats to crewed
space missions, and broader environmental
concerns. Even small debris fragments can travel at
velocities exceeding 28,000 km/h, posing severe
threats to operational satellites. Such impacts can
lead to catastrophic damage, interrupting essential
services such as communication, navigation, and
weather forecasting. Crewed spacecraft, including
the International Space Station (ISS), also face
significant dangers from potential collisions,
placing astronauts' lives at risk. Furthermore,
heightened debris density in certain orbital paths
may render these areas unusable for future missions
due to increased collision probabilities, raising
critical environmental sustainability concerns for
space operations.
   Integrating artificial intelligence (AI) and
robotics into space debris management presents
substantial opportunities for mitigating these risks.
AI-driven technologies can notably enhance debris
detection and tracking capabilities. Machine
learning algorithms facilitate real-time monitoring
by analyzing extensive datasets from ground-based
and orbital sensors, efficiently identifying debris
and accurately predicting its trajectory.
Additionally, computer vision systems empowered
by AI enable robotic platforms to effectively
differentiate between debris and other objects in
space. Utilizing these advanced AI technologies
allows space agencies to swiftly assess threats and
take timely action, significantly improving
responses to debris-related collision risks.

Autonomous Debris Removal Systems
       To clean up orbital debris, autonomous
robotic systems can be developed to effectively
capture and remove debris from orbit. These
systems may include Active Debris Removal
Vehicles (ADRV), such as those being designed by 

Recycling Space Debris
   Once debris is captured, recycling can
significantly contribute to reducing space clutter.
Proposed recycling methods include on-orbit
manufacturing, where recycled debris serves as raw
material for creating new satellites or components
through advanced on-demand 3D printing
technologies, greatly diminishing the necessity to
launch new materials from Earth. Furthermore,
efficient re-entry systems can be designed to
facilitate the safe return of recycled materials to
Earth. These advanced systems would manage
controlled re-entries with precise maneuvering,
ensuring debris lands within predetermined safe
zones, typically ocean areas, thereby safeguarding
both terrestrial and orbital environments.

Safe Re-entry of Recycled Materials
     Controlled re-entry strategies must further
ensure that recycled materials do not pose risks upon
re-entering Earth’s atmosphere. Effective measures
could include implementing controlled descent
maneuvers with propulsion systems designed to
minimize debris scattering and ensure compliance
with safety regulations. Additionally, developing
robust thermal protection systems will be crucial, 
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enabling recycling vehicles to withstand and
dissipate extreme temperatures and pressures
encountered during re-entry.
     The challenges posed by space debris
necessitate innovative solutions employing AI and
robotics. By advancing detection, tracking,
removal, and recycling technologies, it becomes
possible to create a sustainable orbital
environment. Collaborative efforts between space
agencies, technology developers, and AI
researchers will be vital in achieving these
objectives, fostering safer and more sustainable
space exploration. As space activities continue to
expand, prioritizing debris management will
remain critical for maintaining long-term access to
orbital environments and ensuring ongoing
benefits of space technologies for human

1.DEBRIS POPULATION DISTRIBUTION. (n.d.). The National
Academies Press. Retrieved April 7, 2025, from
https://nap.nationalacademies.org/read/4765/chapter/6 

2.5 things you should know about space debris. (2024,
February 26). United Nations University.
https://unu.edu/ehs/series/5-things-you-should-know-about-
space-debris 

3.7 TECHNIQUES TO REDUCE THE FUTURE DEBRIS HAZARD.
(n.d.). The National Academies Press. Retrieved April 7, 2025,
from
https://nap.nationalacademies.org/read/4765/chapter/10 

4.About space debris. (n.d.). About Space Debris. Retrieved
April 7, 2025, from
https://www.esa.int/Space_Safety/Space_Debris/About_space
_debris 

5.Active debris removal. (n.d.). Active Debris Removal.
Retrieved April 7, 2025, from
https://www.esa.int/Space_Safety/Space_Debris/Active_debri
s_removal 

6.Ai for space debris management. (n.d.). Restackio. Retrieved
April 7, 2025, from https://www.restack.io/p/ai-for-space-
exploration-answer-space-debris-management-cat-ai 

7.Anz-Meador, P. D., & Potter, A. E. (1996). Density and mass
distributions of orbital debris. Acta Astronautica, 38(12), 927–
936. https://doi.org/10.1016/s0094-5765(96)00102-6 

8.Basics about controlled and semi-controlled reentry – The
Clean Space blog. (n.d.). Retrieved April 7, 2025, from
https://blogs.esa.int/cleanspace/2018/11/16/basics-about-
controlled-and-semi-controlled-reentry/ 

distributions of orbital debris. Acta Astronautica, 38(12), 927–
936. https://doi.org/10.1016/s0094-5765(96)00102-6 

8.Basics about controlled and semi-controlled reentry – The
Clean Space blog. (n.d.). Retrieved April 7, 2025, from
https://blogs.esa.int/cleanspace/2018/11/16/basics-about-
controlled-and-semi-controlled-reentry/ 

9.Board, E. (2023, November 2). A convention to clean up
space debris threatening Earth’s orbits. The Washington
Post.
https://www.washingtonpost.com/opinions/interactive/2023/
space-junk-debris-removal/ 

10.CEPSA. (n.d.). Orbit recycling of space debris. CEPSA.Com.
Retrieved April 7, 2025, from
https://www.moeveglobal.com/en/planet-energy/sustainable-
innovation/orbit-recycling-of-space-debris 

11.DLR – Mini robots practise grasping space debris. (n.d.).
Retrieved April 7, 2025, from
https://www.dlr.de/en/latest/news/2022/01/20220322_mini-
robots-practise-grasping-space-debris 

12.Douglas, S. (2023, September 25). NASA seeks solutions to
detect, track, clean up small space debris. NASA.
https://www.nasa.gov/get-involved/nasa-seeks-solutions-to-
detect-track-clean-up-small-space-debris/ 

13.ESA purchases world-first debris removal mission from start-
up. (n.d.). Retrieved April 7, 2025, from
https://www.esa.int/Space_Safety/ESA_purchases_world-
first_debris_removal_mission_from_start-up 

14.Gough, E. (2025, January 23). What will it take to reach zero
space debris? Phys.Org. https://phys.org/news/2025-01-
space-debris.html 

15.Guo, S., Liu, H., Zhang, R., Arya, M., & Wedage, P. (2023).
Space debris disposal: A review of feasibility and
effectiveness. Journal of Student Research, 12(4).
https://doi.org/10.47611/jsrhs.v12i4.5669 

16.HAN, D., DONG, G., HUANG, P., & MA, Z. (2022). Capture and
detumbling control for active debris removal by a dual-arm
space robot. Chinese Journal of Aeronautics, 35(9), 342–353.
https://doi.org/10.1016/j.cja.2021.10.008 

17.Heath, V. (2024, June 21). Beyond mitigation: Progress and
challenges of orbital debris remediation. Space Generation
Advisory Council. https://spacegeneration.org/beyond-
mitigation-progress-and-challenges-of-orbital-debris-
remediation 

18.Hoffpauir, D. (2016, July 11). Space debris: Understanding the
risks to NASA spacecraft. NASA.
https://www.nasa.gov/centers-and-facilities/nesc/space-
debris-understanding-the-risks-to-nasa-spacecraft/ 

19.How do you clean up 170 million pieces of space junk?
(2023, May 24). Federation of American Scientists.
https://fas.org/publication/how-do-you-clean-up-170-million-
pieces-of-space-junk/ 

20.How edge AI, virtual sensors and digital twins are combining
to tackle space debris. (n.d.). Retrieved April 7, 2025, from
https://www.techuk.org/resource/how-edge-ai-virtual-
sensors-and-digital-twins-are-combining-to-tackle-space-
debris.html 

21.How would you clean up our space debris : R/space. (n.d.).
Retrieved April 7, 2025, from
https://www.reddit.com/r/space/comments/1d4hn4p/how_wo
uld_you_clean_up_our_space_debris/ 



sensors-and-digital-twins-are-combining-to-tackle-space-
debris.html 

21.How would you clean up our space debris : R/space. (n.d.).
Retrieved April 7, 2025, from
https://www.reddit.com/r/space/comments/1d4hn4p/how_wo
uld_you_clean_up_our_space_debris/ 

22.Howell, E. (2014, March 3). Space junk clean up: 7 wild ways
to destroy orbital debris. Space.
https://www.space.com/24895-space-junk-wild-clean-up-
concepts.html 

23.Hypervelocity impacts and protecting spacecraft. (n.d.).
Hypervelocity Impacts and Protecting Spacecraft. Retrieved
April 7, 2025, from
https://www.esa.int/Space_Safety/Space_Debris/Hypervelocit
y_impacts_and_protecting_spacecraft 

24.Iberdrola. (2021, April 22). SPACE DEBRIS. Iberdrola.
https://www.iberdrola.com/sustainability/space-debris 

25.Jain, A. K., & Hastings, D. E. (2024). Global climate effect
from space debris reentry: Engineering and policy
implications. Journal of Spacecraft and Rockets, 1–8.
https://doi.org/10.2514/1.a36069 

26.Kamal, S., Gaber, A., & El-Baz, F. (2021). An integrated design
for collecting and recycling of space debris. Research Square
Platform LLC. https://doi.org/10.21203/rs.3.rs-647907/v1 

27.Khlystov, N. (2023, June 13). Why space debris is a growing
problem. World Economic Forum.
https://www.weforum.org/stories/2023/06/orbital-debris-
space-junk-removal/ 

28.martin.stasko. (n.d.). UNOOSA and ESA release updated
infographics about space debris. Retrieved April 7, 2025,
from
https://www.unoosa.org/oosa/en/informationfor/media/unoos
a-and-esa-release-infographics-and-podcasts-about-space-
debris.html 

29.Massimi, F., Ferrara, P., Petrucci, R., & Benedetto, F. (2024).
Deep learning‐based space debris detection for space
situational awareness: A feasibility study applied to the radar
processing. IET Radar, Sonar &amp; Navigation, 18(4), 635–
648. https://doi.org/10.1049/rsn2.12547 

30.Mitigating space debris generation. (n.d.). Mitigating Space
Debris Generation. Retrieved April 7, 2025, from
https://www.esa.int/Space_Safety/Space_Debris/Mitigating_s
pace_debris_generation 

31.Nagavarapu, S. C., Mogan, L. B., Chandran, A., & Hastings, D.
E. (2024). CubeSats for space debris removal from LEO:
Prototype design of a robotic arm-based deorbiter CubeSat.
Advances in Space Research.
https://doi.org/10.1016/j.asr.2024.08.009 

32.Nishida, S.-I., & Yoshikawa, T. (2009). A robotic small
satellite for space debris capture. 2008 IEEE International
Conference on Robotics and Biomimetics, 1348–1353.
https://doi.org/10.1109/robio.2009.4913196 

33.Opiela, J. N. (2009a). A study of the material density
distribution of space debris. Advances in Space Research,
43(7), 1058–1064. https://doi.org/10.1016/j.asr.2008.12.013 

34.Opiela, J. N. (2009b). A study of the material density
distribution of space debris. Advances in Space Research,
43(7), 1058–1064. https://doi.org/10.1016/j.asr.2008.12.013 

35.Park, S.-H., Mischler, S., & Leyland, P. (2021). Re-entry
analysis of critical components and materials for design-for-
demise techniques. Advances in Space Research, 68(1), 1–24.
https://doi.org/10.1016/j.asr.2021.03.019 

Review

4│GESRI │www.gesri.org

distribution of space debris. Advances in Space Research,
43(7), 1058–1064. https://doi.org/10.1016/j.asr.2008.12.013 

35.Park, S.-H., Mischler, S., & Leyland, P. (2021). Re-entry
analysis of critical components and materials for design-for-
demise techniques. Advances in Space Research, 68(1), 1–24.
https://doi.org/10.1016/j.asr.2021.03.019 

36.Prasser, D. R. (2020, November 20). Explore 5 top space
debris solutions. StartUs Insights. https://www.startus-
insights.com/innovators-guide/5-top-debris-retrieval-
monitoring-solutions-impacting-the-space-industry/ 

37.Rai, M. C., Nair, M. H., Schaefer, D., Detry, R., Poozhiyil, M.,
Rybicka, J., Dulanty, S., Gotz, J., Roa, M. A., Lampariello, R.,
Govindaraj, S., & Gancet, J. (2024). Robotic upcycling and
recycling: Unraveling the era of sustainable in-space
manufacturing. CEAS Space Journal.
https://doi.org/10.1007/s12567-024-00576-6 

38.Reentry and collision avoidance. (n.d.). Reentry and Collision
Avoidance. Retrieved April 7, 2025, from
https://www.esa.int/Space_Safety/Space_Debris/Reentry_and_
collision_avoidance 

39.Shin-Ichiro Nishida, Daisuke Uenaka, Ryota Matsumoto, &
Shintaro Nakatani. (2018). Lightweight robot arm for
capturing large space debris. J. of Electrical Engineering,
6(5). https://doi.org/10.17265/2328-2223/2018.06.004 

40.Soares, T. P. (2019, January 1). Re-entry strategies to comply
with Space Debris Mitigation guidelines.
https://www.academia.edu/90682953/Re_entry_strategies_to
_comply_with_Space_Debris_Mitigation_guidelines 

41.Space debris - Interconnected Disaster Risks. (n.d.).
Interconnected Disaster Risks. Retrieved April 7, 2025, from
https://interconnectedrisks.org/tipping-points/space-debris 

42.Space debris 101. (n.d.). Aerospace Corporation. Retrieved
April 7, 2025, from https://aerospace.org/article/space-
debris-101 

43.Spacecraft to remove orbital debris. (n.d.). T2 Portal.
Retrieved April 7, 2025, from
https://technology.nasa.gov/patent/MSC-TOPS-90 

44.SRI International. (2023, October 4). With innovative
tracking technology, SRI is addressing the hazard of space
debris particles. SRI. https://www.sri.com/atsd/with-
innovative-tracking-technology-sri-is-addressing-the-hazard-
of-space-debris-particles/ 

45.Taking out the space trash: Creating an advanced market
commitment for recycling and removing large-scale space
debris. (2022, April 26). Federation of American Scientists.
https://fas.org/publication/taking-out-the-space-trash-
creating-an-advanced-market-commitment-for-recycling-
and-removing-large-scale-space-debris/ 

46.Team, F. A. (2024a, December 13). Orbital debris tracking:
Solutions for space sustainability. Flypix.
https://flypix.ai/blog/orbital-debris-tracking/ 

47.Team, F. A. (2024b, December 13). Space debris mapping: AI
solutions for tracking & management. Flypix.
https://flypix.ai/blog/space-debris-mapping/ 

48.Team, F. A. (2024c, December 13). Space debris removal:
Addressing the growing crisis. Flypix.
https://flypix.ai/blog/space-debris-removal-technology/ 



47.Team, F. A. (2024b, December 13). Space debris mapping: AI
solutions for tracking & management. Flypix.
https://flypix.ai/blog/space-debris-mapping/ 

48.Team, F. A. (2024c, December 13). Space debris removal:
Addressing the growing crisis. Flypix.
https://flypix.ai/blog/space-debris-removal-technology/ 

49.Team, M. S. (2023, July 17). Simulations and AI are now
transforming space debris management in low earth orbit -
Modern sciences. Modern Sciences - A Media Company That
Aims to Provide the Academics, Researchers, and Science
Enthusiasts with the Latest News and Stories in the World of
Applied and Pure Science.
https://modernsciences.org/simulations-and-ai-are-now-
transforming-space-debris-management-in-low-earth-orbit/ 

50.The challenges of managing space debris. (n.d.). RIDE!
Retrieved April 7, 2025, from
https://www.ridespace.io/articles-de-blog/the-challenges-of-
managing-space-debris 

51.The challenges of space debris. (n.d.). GMV. Retrieved April 7,
2025, from https://www.gmv.com/en-pt/media/blog/space-
safety/challenges-space-debris 

52.Vansia, D. (2023). Role of AI (Artificial Intelligence) in Space
Debris Management. International Journal of Novel Research
and Development, 8(7). 

53.Wells, S. (2023, July 1). AI battles the bane of space junk.
IEEE Spectrum. https://spectrum.ieee.org/space-junk-ai-
cleanup 

54.Zhang, W., Li, F., Li, J., & Cheng, Q. (2022). Review of on-orbit
robotic arm active debris capture removal methods.
Aerospace, 10(1), 13.
https://doi.org/10.3390/aerospace10010013 

55.(2021, October 27). Airbus.
https://www.airbus.com/en/products-services/space/in-
space-infrastructure/removedebris 

GESRI│www.gesri.org │5


