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.can carry out tasks typically requiring humanly thinking.

_process and extract patterns from large datasets.

Understanding Artificial Intelligence

-

Al is the science and-engineering of developing'systems that = -

Artificial
Intelllgence

These tasks cover an enormous-range, such as pattern
recognition, problem-solving, and mueh more.
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A‘key component of Al is ML, whlch!nables systems to
Simprovise their performance by learning from data without

Within ML, deep learning (DL) represents an even more
specialized subset that leverages artificial neural networks to
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AL in Obseryational Astronomy

With the exponential increase in the quantity and
complexity of data generated by modern telescopes,
traditional methods of analysis are no longer sufficient.

Al has become a game changer, enabling astronomers %
to %mently process vast datasets, uncover @dden

ns, and automate the discovery process.
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From real-time anaIyS|s of astronomical phenomena to
the classification of galaxies and exoplanets, Al is
revolutionizing how telescopic data are interpreted.
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AI for Space Exploration
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AI-Driven Discoveries « &

* Al-Enhanced Gravitational Wave Detection







AI-Driven Discoveries

. Al for Exoplanet Discovery and Characterization




Machine Learning Applications

Classification: (e.g., stars, galaxies,
guasars) based on their spectral and
photometric properties. Techniques like
support vector machines, random
forests, and artificial neural networks
(ANNSs) are commonly used.

Regression: Predicting continuous
values such as stellar mass,
temperature, or redshift using
algorithms like K-nearest neighbors,
decision trees, and Gaussian process

regression.
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Challenges in the Era of Big Data

Managing Vast Data Volumes
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Addressing Observational Noise
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Enhancing Theoretical Simulations with Observational Data



The Future: Robotic and Autonomous Observatories
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Robotic Telescopes”

A robotic telescope can make observations Wlthout

han - :
ds-on human control. -

Robotic telescopes usually run under the ébntrol of a

scheduler, which provides control by selecting

astronomical targets for observation.

-~ : . - .

S‘éxxe robotic telescopes are scheduled by a human

g{?nomer at the start of each night. They are only
tic in the sense that individual observations are

carried out automatically.




Advantages of Robotlc Telescopes

7

« Removing humans from the observing proc‘es_s allows faster

observation response times and begin observing within seconds.
-

« Automation in a telescbpe’s 6bse_rving program eliminates the .
need for an observerto be constantly present at a telescope.
This makes observations more efficient and less costly.

NR - ’ »
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Many telescopes operate in remote and extreme environments

ch as mountain tops, deserts, and even Antarctica.

« Under difficult conditions like these, a robotic telescope is usually.
cheaper, more reliable and more efﬁment than an equivalent
non-robotic telescope. E= »
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'» ESA'S FLEET ACROSS THE SPECTRUM g

* Thanks to cuttlng edge technology, astronomy is unveiling a new world around us. With ESA's fleet of spacecraft we can explore the fuII spectrum of light

and probe the fundamental physics that underlies our entire Universe. From cool and dusty star formation revealed only at infrared wavelengths, to hot and- el i b
it vrolent hlgh energy phenomena ESA missions are chartrng our cosmos and even Iooklng back to the dawn of time to dlscover more about our place in space T e AR ‘
% . -'e '... o . £ * - . . > . ’ ‘L
: s Seon o N . I3 i 3
% ' * s “ : : l 'I‘
e Unveiling the cool- _ .
_ ? b -Looking back .and dusty Universe e Slzmg and first characterlsatlon : oy
.-, 1+ . .atthe dawn of time : o of exoplanets : :
o Expanding the frontiers . 3 .
’ ““of the visible Universe-. - .~
T e Seelng deeply into the hot
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Current and future
space telescopes

Advanced
Technology
Large-Aperture
Space Telescope
(16 m)

James Webb

Space Telescope

(6.5 m)

Hubble
Space
Telescope
(2.4 m)

Human

Robotically Assembled
Modular Space Telescope (100 m)

{iLE‘

Fox et al. 2016
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Future Space Telescopes
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Image courtesy the Society of Photo-optical Instrumentation Engineers



Future Space Telescopes
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Towards an Intelligent

The development of autonomous observatories, powered by
Al and ML, has the potential to revolutionize the way we
collect and analyze data.

This way we enable real-time decision-making and paving
the way for new discoveries.

As these technologies evolve, they will not only enhance our
understanding of the Universe but also open new frontiers in
cosmology, astroinformatics, and astrobiology.

Machine learning and Al are reshaping the landscape of
astrophysics, offering new ways to analyze complex
data, uncover hidden patterns, and accelerate scientific
discovery.

Universe




