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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
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