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Five ways artificial intelligence can help
space exploration

January 26 2021, by Deep Bandivadekar and Audrey Berquand
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CIMON will assist astronauts on the International Space Station. Credit:
NASA/Kim Shiflett, CC BY

Artificial intelligence has been making waves in recent years, enabling
us to solve problems faster than traditional computing could ever allow.
Recently, for example, Google's artificial intelligence subsidiary
DeepMind developed AlphaFold2, a program which solved the protein-
folding problem. This is a problem which has had baffled scientists for
50 years.

Advances in Al have allowed us to make progress in all kinds of
disciplines—and these are not limited to applications on this planet.
From designing missions to clearing Earth's orbit of junk, here are a few
ways artificial intelligence can help us venture further in space.

Astronaut assistants

Do you remember Tars and Case, the assistant robots from the film
Interstellar? While these robots don't exist yet for real space missions,
researchers are working towards something similar, creating intelligent
assistants to help astronauts. These Al-based assistants, even though they
may not look as fancy as those in the movies, could be incredibly useful
to space exploration.

A recently developed virtual assistant can potentially detect any dangers
in lengthy space missions such as changes in the spacecraft
atmosphere—for example increased carbon dioxide—or a sensor
malfunction that could be potentially harmful. It would then alert the
crew with suggestions for inspection.
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https://images.nasa.gov/details-KSC-20180628-PH_KLS01_0008
http://creativecommons.org/licenses/by/4.0/
https://deepmind.com/blog/alphafold/
https://phys.org/tags/space/
https://arc.aiaa.org/doi/abs/10.2514/6.2020-2255
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An Al assistant called Cimon was flown to the international space station
(ISS) in December 2019, where it is being tested for three years.
Eventually, Cimon will be used to reduce astronauts' stress by
performing tasks they ask it to do. NASA is also developing a
companion for astronauts aboard the ISS, called Robonaut, which will
work alongside the astronauts or take on tasks that are too risky for
them.

AT has also been harnessed to address the problem of space junk. Credit: NASA
Orbital Debris Program Office, CC BY
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https://www.dlr.de/content/en/articles/news/2020/02/20200415_cimon-2-makes-its-debut-on-the-iss.html
https://phys.org/tags/international+space+station/
https://robonaut.jsc.nasa.gov/R2/
https://en.wikipedia.org/wiki/Space_debris#/media/File:Debris-GEO1280.jpg
https://en.wikipedia.org/wiki/Space_debris#/media/File:Debris-GEO1280.jpg
http://creativecommons.org/licenses/by/4.0/

PHYS 19X

Mission design and planning

Planning a mission to Mars is not an easy task, but artificial intelligence
can make it easier. New space missions traditionally rely on knowledge
gathered by previous studies. However, this information can often be
limited or not fully accessible.

This means the technical information flow is constrained by who can
access and share it among other mission design engineers. But what if all
the information from practically all previous space missions were
available to anyone with authority in just a few clicks. One day there
may be a smarter system—similar to Wikipedia, but with artificial
intelligence that can answer complex queries with reliable and relevant
information—to help with early design and planning of new space
missions.

Researchers are working on the idea of a design engineering assistant to
reduce the time required for initial mission design which otherwise takes
many human work hours. "Daphne" is another example of an intelligent
assistant for designing Earth observation satellite systems. Daphne is
used by systems engineers in satellite design teams. It makes their job
easier by providing access to relevant information including feedback as
well as answers to specific queries.

Satellite data processing

Earth observation satellites generate tremendous amounts of data. This is
received by ground stations in chunks over a large period of time, and
has to be pieced together before it can be analyzed. While there have
been some crowdsourcing projects to do basic satellite imagery analysis
on a very small scale, artificial intelligence can come to our rescue for
detailed satellite data analysis.
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https://phys.org/tags/mission/
https://ieeexplore.ieee.org/abstract/document/8742082
https://arc.aiaa.org/doi/10.2514/6.2018-1366
https://phys.org/tags/satellite+systems/
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For the sheer volume of data received, Al has been very effective in
processing it smartly. It's been used to estimate heat storage in urban
areas and to combine meteorological data with satellite imagery for wind
speed estimation. Al has also helped with solar radiation estimation
using geostationary satellite data, among many other applications.

Al for data processing can also be used for the satellites themselves. In
recent research, scientists tested various Al techniques for a remote
satellite health monitoring system. This is capable of analyzing data
received from satellites to detect any problems, predict satellite health
performance and present a visualization for informed decision making.

Space debris

One of the biggest space challenges of the 21st century is how to tackle
space debris. According to ESA, there are nearly 34,000 objects bigger
than 10cm which pose serious threats to existing space infrastructure.
There are some innovative approaches to deal with the menace, such as
designing satellites to re-enter Earth's atmosphere if they are deployed
within the low Earth orbit region making them disintegrate completely in
a controlled way.

Another approach is to avoid any possible collisions in space, preventing
the creation of any debris. In a recent study, researchers developed a
method to design collision avoidance maneuvers using machine-learning

(ML) techniques.

Another novel approach is to use the enormous computing power
available on Earth to train ML models, transmit those models to the
spacecraft already in orbit or on their way, and use them on board for
various decisions. One way to ensure safety of space flights has recently
been proposed using already trained networks on board the spacecraft.
This allows more flexibility in satellite design while keeping the danger
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https://www.sciencedirect.com/science/article/abs/pii/S0034425720304983
https://www.sciencedirect.com/science/article/abs/pii/S0034425720304983
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.6055
https://www.sciencedirect.com/science/article/abs/pii/S0038092X19303068
https://link.springer.com/article/10.1007/s10462-019-09760-1
https://www.esa.int/Safety_Security/Space_Debris/Space_debris_by_the_numbers
https://arc.aiaa.org/doi/full/10.2514/1.G005398
https://ieeexplore.ieee.org/abstract/document/9250908
https://www.sciencedirect.com/science/article/abs/pii/S0094576520303921
https://www.sciencedirect.com/science/article/abs/pii/S0094576520303921
https://phys.org/tags/satellite/
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of 1n orbit collision at a minimum.

Navigation systems

On Earth, we are used to tools such as Google Maps which use GPS or
other navigation systems. But there is no such a system for other
extraterrestrial bodies, for now.

We do not have any navigation satellites around the Moon or Mars but
we could use the millions of images we have from observation satellites
such as the Lunar Reconnaissance Orbiter (LRO). In 2018, a team of
researchers from NASA in collaboration with Intel developed an
intelligent navigation system using Al to explore the planets. They
trained the model on the millions of photographs available from various
missions and created a virtual Moon map.

As we carry on to explore the universe, we will continue to plan
ambitious missions to satisfy our inherent curiosity as well as to improve
the human lives on Earth. In our endeavors, artificial intelligence will
help us both on Earth and in space make this exploration possible.

This article 1s republished from The Conversation under a Creative
Commons license. Read the original article.
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