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Editorial

EU-funded researchers are using Al to make fresh discoveries, create
new inventions and ensure Europe remains a global leader in science
and technology, while benefitting the whole of society.

The way we live and work is being transformed by artificial intelligence (Al), and scientific
research is no exception. These tools can now automate tasks, analyse data, and generate
insights in ways that were not previously possible. With the help of Al, researchers can
now make faster progress, achieve breakthroughs more quickly and improve the quality
of their work.

Al works as a catalyst for scientific progress by enabling greater efficiency and extending
the limits of scientific knowledge. It is particularly well suited to the process of scientific
discovery and innovation and is becoming an indispensable tool for research that involves
assessing large-scale scientific data sets and the generation of predictions. Automating
tasks like data collection and analysis also frees researchers to focus on more creative and
strategic activities.

Moreover, Al is a driver of Innovation in all sectors of the economy. It is expected to lead to
a major boost in productivity and economic gains. Al can improve healthcare, reduce energy
consumption, make cars safer, enable farmers to use water and natural resources more
efficiently, and reduce the use of pesticides drastically.

EU’s strategy for Al in Europe

Given the importance of Al, the European Commission has proposed a set of actions to
boost excellence in Al, and rules to ensure that the technology is trustworthy.

Fostering Al excellence from the lab to the market, the Al Coordinated Plan developed by
the Commission and the Member States puts forward a vision to accelerate investments in
Al, to act on Al strategies for their timely implementation and to align Al policies EU-wide.
An important part of the Coordinated plan are actions financed by the European framework
programmes for research “Horizon Europe”, and “Horizon 2020". This publication presents
some of the most interesting projects of these programmes that showcase the impact of
Al in science.

A corner stone in the European approach to the development and use of trustworthy Al is
the Commission’s proposal for a legislative framework on Al (Al act). It is designed to bring
legal clarity and certainty for individuals and businesses and to ensure that Al systems
used in the EU are safe, transparent, ethical, unbiased and under human control.

Focus on EU-funded research

This results pack presents fifteen ongoing, or recently completed EU-funded projects that
highlight various applications of Al in science. It underlines how its responsible application
and the use of techniques like machine learming can help science deliver innovation and
address problems that would otherwise be too difficult and time consuming to solve.

The projects go beyond the scientific domains typically associated with Al — engineering,
medicine and computer science — to explore how it can aid scientists in the preservation
of cultural heritage, in digital curation of historic documentation, in improving language-
learning, in predicting natural disasters or addressing environmental challenges.

Some of the initiatives strive for new scientific breakthroughs: using Al to optimise the
design of new materials with desirable properties, to identify drug combinations for
personalised cancer treatment, and to help collaborative robots explore inaccessible areas
such as lava caves on the Moon.

Another set of projects takes advantage of Al's ability to analyse and classify large volume
and variety of data, identify patterns and complex relationships. This is used to create
fresh scientific knowledge and improve our understanding of the world and its phenomena
like the behaviour of faults during earthquakes, the formation and evolution of stars or the
structure of the proton.

Project results thus reflect the EU’s commitment to funding the development of innovate,
safe and responsible Al for research purposes.
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Our brain has a unique ability to learn continuously and predict the future

consequences of our decisions. Using Al it’s now possible to reveal the mechanisms

underlying this ability.

Brain internal models are cognitive representations created by
the brain to predict and interpret the external world. They are
used to anticipate the consequences of our actions, understand
the environment and guide our decision-making processes.
These models are continuously updated and refined based
on new sensory input and feedback from the environment
alongside past experiences and acquired knowledge.

For example, when a person reaches out to grab an object, their
brain uses an internal model to generate predictions of the
expected sensory feedback that would result from that action,
depending on the object’s weight, texture and their own grasp

forces. When they actually grab the object, their brain compares
the actual sensory feedback with the predictions generated by
the internal model and updates the model for future actions.

Understanding the brain’s
internal representations
Funded by the European Research Council, the COGTOM project

focused on revealing humans’ rich internal representations that
underlie our adaptive behaviour.
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“Internal representations are assumed to be integral to how our
minds work, but they are not directly observable, which poses
a significant challenge for cognitive science,” explains research
fellow Maté Lengyel.

Although easily observed in an experimental setting, behaviour
depends on the mind’s internal representations in ways which are
often complex and indirect. The goal of COGTOM
was to advance our understanding of how the
mind constructs internal models for perception,
making decisions, controlling movements and

COGTOM unveiled the process by which humans segment their
continuous stream of experiences into distinct contexts. This
segmentation greatly influences how individuals create, update
and express memories that are context-dependent. COGTOM
findings related to humans’ exceptional ability to continually
learn and integrate new information may also help overcome
current barriers in Al.

Added value of Al in
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on algorithms that can learn from ‘experience’
with data. Advanced machine leamning tools
can be applied to analyse large data sets
collected routinely in current neuroscience and cognitive science
experiments. In addition, in COGTOM, machine learning also
provided a theoretical framework for mathematically formalising
how humans learn from experience and make decisions.

Bayesian models were tested for their applicability to human
behavioural data to explain how the brain processes and
integrates sensory information to make optimal decisions.
Bayesian models assume that the brain integrates prior
knowledge or expectations with incoming sensory data. Then,
using a series of behavioural observations, project researchers
reconstructed a detailed internal model related to the changes
in humans’ superior cognitive abilities over time.

The researchers applied this approach to various experimental
data sets related to perceptual learmning and visual and motor
structure leamning. They also undertook in-depth analyses of
eye movements, recognising their critical role in enhancing
the precision and richness with which internal models can be
derived from behavioural data.

been possible at all.

“In general, Mathematics offers the most
effective means to render scientific theories
testable and refutable and to ensure conceptual
coherence. Specifically, to address cognition and perception,
ML provides the appropriate mathematical language for
incorporating essential concepts and frameworks. Moreover,
ML techniques are also required to rigorously compare the
predictions of these theories against data.”

PROJECT
COGTOM - Cognitive tomography of mental
representations

COORDINATED BY
Central European University in Hungary

FUNDED UNDER
H2020-EU.1.1.

CORDIS FACTSHEET
cordis.europa.eu/project/id/726090

PROJECT WEBSITE
cbl.eng.cam.ac.uk/Public/Lengyel/WebHome/
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Mission accomplished:
Al gives autonomy to
space robots

An autonomous team of Al-enabled cooperative robots has successfully descended

and explored a lava cave and mineshaft, a milestone for future lunar and Mars

missions.

In slightly more
than half a century,
we have gone from

Earth’s first artificial
satellite launch to

(more than 250

robotic spacecraft
as well as

24 human beings)
venturing into space
to fly by, orbit, land
on and explore

an increasing
number and variety
of objects

in our cosmos.

In slightly more than half a century, we have
gone from Earth’s first artificial satellite launch
to more than 250 robotic spacecraft as well
as 24 human beings venturing into space to
fly by, orbit, land on and explore an increasing
number and variety of objects in our cosmos.
Robots have significantly increased the value
and safety of these missions.

Current state-of-the-art space robots perform
pre-programmed tasks or tasks they are
quided through in near real time by human
operators. It is time for them to evolve. The
EU-funded CoRob-X project has successfully
demonstrated the capabilities of a team of
cooperative robotic planetary rovers with
Al-enabled environmental perception and
control systems for autonomous decision-
making ability in extreme environments.

Autonomous planetary
exploration: an enabler of future
planetary missions

According to project coordinator Thomas Vogele of the Robotics
Innovation Center at the German Research Center for Artificial
Intelligence, “lava tubes (underground planetary caves formed
by hot flowing lava) on the moon and on Mars promise to be
not only scientifically interesting but are protected places to
potentially store equipment or support future human habitats
like Moon Village.”

In situations like the descent into and exploration of lava
tubes, a reliable connection to the command and control
centre on Earth or in lunar orbit is not available. In addition,
these tasks and others require the cooperation of at least two
robots. Al-integrated cooperative robots like the ones tested
in CoRob-X are needed to explore and prepare these sites for
human astronauts.

“In the CoRob-X project, environmental perception and control
systems enhanced with Al algorithms were used to enable the
autonomous operation and collaboration of three robotic rovers
to solve specific exploration tasks in challenging environments
without human operators,” Vogele explains. In the future, Al
could enable robots to leamn improved behaviours from the
results of their decisions. For example, if a space rover decides
to drive through a sand dune and nearly gets stuck, machine
learning can teach the rover to avoid sandy areas in the future.

Al-enabled robotic teams work
wonders in space and on Earth

CoRob-X set out to prove that technologies developed since
2016 in a series of projects funded by the Horizon 2020 Space
Strategic Research Cluster (SRC) on Space Robotics can be used
for future complex and challenging robotic exploration missions
on planetary surfaces. This ‘mission’ was accomplished with
extraordinary success via demonstrations at a lava cave on
Lanzarote, Canary Islands, and a mineshaft in Spain.

“The field trials not only demonstrated the capabilities of
autonomous robot teams but provided our young researchers
with real-world experiences, expanding the European network
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CoRob-X and the projects of the Horizon 2020 Space Robotics
SRC have left a valuable legacy to Europe’s space exploration
agenda and its cooperative robotics ecosystem.

PROJECT
CoRob-X - Cooperative Robots for Extreme
Environments

COORDINATED BY
German Research Center for Artificial Intelligence

in Germany
© Thomas Vogele FUNDED UNDER
H2020-EU.2.1.6,, H2020-EU.2.16.1,
of robotics scientists and engineers,” Vogele summarises. H2020-EU.2.1.6.2.
Advancing these critical robotics technologies will certainly be
in Europe’s best interests, even on the ground, given that the CORDIS FACTSHEET
Al-integrated cooperative robotic teams would be an asset cordis.europa.eu/project/id/101004130
in many terrestrial applications from industry and mining to
firefighting and environmental monitoring. PROJECT WEBSITE
corob-x.eu/

Machine learning
illuminates the celestial
stage: spotting new
objects amid the cosmic
crowd

Using machine learning, EU-funded researchers uncover elusive connections among

stars in clusters and mysterious free-floating planets.

Born from the fragmentation and gravitational collapse of  coexist in equal abundance with their low-mass counterparts?
molecular clouds, stars form as clusters of celestial objects And what about the enigmatic brown dwarfs, tiny cosmic
sharing a cosmic connection. This raises intriguing questions:  entities lacking the size to spark hydrogen fusion in their cores?
How is mass distributed within these clusters? Do massive stars
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To unravel these cosmic puzzles, counting stars within a cluster
is crucial. However, numerous background and foreground stars
intertwining within the astronomical depictions of these star
clusters impede this effort. Furthermore, the Gaia space mission,
while valuable, cannot detect the faintest cluster members
(brown dwarfs), nor can its visible light detection permeate the
dust shrouding young star clusters.

Overcoming challenges with
machine learning

This is where the EU-funded COSMIC-DANCE project stepped in.

“Measuring star motion in the sky is intricate, with their
minuscule movements comparable to the angular size of a
coin atop the Eiffel Tower as seen from
New York City,” notes project coordinator
Herve Bouy. “Instead of waiting decades
for ground-based cameras to detect these
motions, we chose to utilise the wealth of
images available in astronomical archives.”

intricate, with their

comparable to the
angular size of

a coin atop the
Eiffel Tower as seen
from New York City.

© H. Bouy & COSMIC-DANCE Team

Leveraging machine learning from the outset,
the team successfully faced the daunting
task of processing tens of thousands of
astronomical images amounting to many
terabytes of raw data. Complicating matters,
these images often contained various defects
such as dead or saturated pixels, cosmic ray
hits and satellite streaks.

minuscule
movements

Given the sheer size of the data set, the team trained a
convolutional neural network (a type of artificial intelligence
model specialized in recognizing and understanding visual
pattemns) to detect image defects in an unsupervised manner.
“We trained the network to look for defaults in astronomical
images rather than common artificial tasks like identifying cats
or people on the internet.” As a result, the team successfully
identified all problematic pixels or frames, extracting maximum
value from the data set.

Measuring star motion was just the first challenge. “Once we
measured the motion, luminosities and colours of tens of
millions of stars in our images, we then had to identify the

few thousand cluster members amongst tens of millions of
unrelated stars. We developed new methods based on machine
learning and Bayesian statistics to accurately identify all the
members in our multidimensional data set,” adds Bouy.

Mysterious celestial bodies
roaming like nomadic wanderers

One of the most exciting project results was the discovery of
between 70 and 170 free-floating planets. These objects have the
mass of a planet but are not bound to any star, instead roaming the
galaxy freely. Their existence has been known since the late 1990s
from indirect detections using microlensing, but only a handful had
been directly imaged. Their exact number in a given cluster was
also largely unknown. “For the first time, we securely identified a
large sample of free-floating planets in a star-forming region, with
important implications for star formation, planet formation and
early planet evolution theories,” remarks Bouy.

Machine learning-powered
innovation seals the future of
astronomy

“We continue to develop our software tools for our own research
and for anyone interested in using them (they are openly
available on GitHub),” states Bouy.

“Cosmic ray hits are numerous in space and affect the
observations obtained with space missions. MaxiMask, the
artificial intelligence tool to detect defaults in images, can be
efficiently used for ongoing or future space missions such as
the recently launched European Euclid mission, the Hubble
Space Telescope or the James Webb Telescope. It will also be
crucial for ground-based surveys impacted by the new low-
orbit satellite constellations (e.g. Starlink) that heavily disrupt
astronomical observations,” concludes Bouy.

PROJECT
COSMIC-DANCE - Unraveling the origin of the
Initial Mass Function

COORDINATED BY
University of Bordeaux in France

FUNDED UNDER
H2020-EU.1.1.

CORDIS FACTSHEET
cordis.europa.eu/project/id/682903

PROJECT WEBSITE
perso.astrophy.u-bordeaux.fr/~hbouy/cosmicdance/index html
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Infusing Al into Earth

Observation:
IN @ hew era
response

ushering
in climate

Blending novel AI technologies and Earth Observation data, EU-funded

researchers are creating powerful tools to better understand the Earth’s processes

and respond to the pressing challenges of climate change.

Conventional machine leaming architectures are not suitable
to address Earth observation (EQ) problems. The EU-funded
DeepCube project is introducing innovative solutions to overcome
this. By leveraging advanced Al and semantic web technologies,
DeepCube is tapping into the vast, open data produced daily by
the Sentinel satellites of the Copernicus EO programme to tackle
high-impact environmental and societal challenges correlated
with the climate emergency.

“Our focus extends beyond standard computer vision classification
applications, honing in on the quantitative estimation of variables
linked to geophysical and biological processes,” notes project
coordinator loannis Papoutsis.

Advanced Al technologies to the
rescue

DeepCube’s research targets certain high-impact EO problems
related to the biosphere, atmosphere and anthroposphere
interaction. These include forecasting drought and heat
impacts and understanding climate-induced migration in Africa,
forecasting wildfire danger in Mediterranean regions, monitoring
infrastructure for ground instability and assessing the
environmental impact of tourism.




CORDIS Results Pack on Al in science
Artificial intelligence: expanding scientific boundaries and enhancing innovation

To solve these complex problems, DeepCube is using a blend
of data-driven deep leaming and physical modelling, creating
a unique hybrid approach that transcends the boundaries of
conventional Al. “Bringing in domain expertise and physical laws,
while reducing uncertainties, aids in understanding ecosystem
dynamics after events like droughts,” explains Papoutsis.

DeepCube also uses explainable Al and causal
Al in their deep learing pipelines (a sequence

Advancing science through
open-access research and
global partnerships

DeepCube has made substantial contributions to

the scientific community, publishing high-impact
research and making its deep learning models,

of steps that processes data, designs deep Explainable Al codes, data sets and ontologies available as open-
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techniques). “Explainable Al opens the ‘black box’
of deep leaming, helping to understand why certain
predictions are made. By applying this technique
in wildfire danger forecasting, for example, we can
identify the main factors influencing the model
predictions,” states Papoutsis.

Causal Al, another key component, helps understand cause-
effect connections in models. This is crucial when dealing with
issues like climate-induced displacement, where relationships
between conflict, drought and displacement need to be identified
and quantified.

Cutting-edge technologies
underpinning Al pipelines

DeepCube’s applications are fuelled by technologies supporting
the creation of Al pipelines. These include the Earth System
Data Cube (ESDC), a unified data set of crucial Earth system
variables, and Semantic Data Cube, which semantically enriches
the ESDC. Additionally, DeepCube expands Hopsworks, an open-
source Al platform supporting distributed deep learning.

The project also offers visualisation tools such as Sextant for
interacting with linked geospatial data and a web platform for
extracting visual concepts from social media streams.

Ultimately, the DeepCube platform provides an integrated
environment for EO and Al specialists to create value chains
from raw EO and non-EQ data. This adaptable platform can be
deployed in various cloud computing environments, and within
it all the mentioned technologies share resources and define
dataflows in a unified solution.

learning, helping
to understand why
certain predictions
are made.

set of Sentinel-1 interferograms for volcanic
unrest early warning service development.

In their wildfire hazard forecasting research,
researchers have published ‘mesogeos’, a daily
data cube for developing next-day fire hazard
forecasting models in the Mediterranean.

DeepCube also involves direct beneficiaries in the design and
evaluation of their services to maximise impact. The work
on climate-induced migration is developed in collaboration
with the Internal Displacement Monitoring Centre and has
gained interest from NGOs and international organisations like
UNICEF, the World Food Programme and the United Nations
Development Programme.

Their fire danger forecasting service, developed in collaboration
with the Hellenic Fire Service, has also captured the interest of the
International Telecommunication Union’s ‘Al for Good’ initiative.

PROJECT
DeepCube - EXPLAINABLE Al PIPELINES FOR
BIG COPERNICUS DATA

COORDINATED BY
National Observatory of Athens, Greece

FUNDED UNDER
H2020-EU.2.1.6, H2020-EU.2.1.6.3.

CORDIS FACTSHEET
cordis.europa.eu/project/id/101004188

PROJECT WEBSITE
deepcube-h2020.eu/
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An innovative drug combination prediction tool to offer more effective treatments

to cancer patients.

Conventional cancer therapy using chemotherapeutic
drugs tends to treat patients similarly with one-size-fits-
all approaches. When these treatments stop working, as for
relapsed or refractory patients, clinicians are left with limited
treatment alternatives. In most cases, there is no way to predict
whether the patients will respond or not.

Similarly, pharmaceutical companies often face discouraging
outcomes in clinical trials because of their limited understanding
of the factors that determine patient response. Clinical
phenotypes or genomics signatures are employed for patient

stratification, but these do not necessarily predict drug
responses. Therefare, reliable drug sensitivity prediction tools
are needed to help clinicians and pharmaceutical companies
bring more effective drugs to cancer patients.

Moreover, cancer cells have the propensity to develop resistance
to drugs, necessitating the use of drug combinations for good
clinical outcomes. However, identifying synergistic and effective
drug combinations has traditionally been a time-consuming and
often unpredictable process.



Our goal was to
understand the
potential synergy
between drugs and

knowledge into
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Computational tools for
personalised cancer therapy

Funded by the European Research Council, the DrugComb
project developed mathematical and computational tools to
identify and prioritise effective drug combinations for cancer
patients. Additionally, it undertook drug combination screening
studies on cancer cells for experimental validation.

“Our goal was to understand the potential
synergy between drugs and translate the
knowledge into treatment suggestions for
cancer patients,” explains project coordinator
Jing Tang.

Applying Al tools in
translate the

predicting and testing

treatment : :
. drug interactions
suggestions for
cancer patients. Researchers employed Al-based text

mining techniques to extract experimental
drug-target interaction data from scientific literature. Drug
sensitivity and drug target data was then incorporated into the
DrugComb data portal that includes tools for the analysis of
drug combinations.

The project also developed an open-source tool called
SynergyFinder Plus to investigate the synergy of approved
and clinical trial drugs in patient-extracted cancer samples. If
a drug combination was synergistic against cancer cells but
not damaging to normal cells, then the drug combination was
considered as a potential candidate. Furthermore, Al-based
algorithms allowed scientists to discover the links between
drug synergies and cancer driver genes, for improved treatment
efficacy with fewer side effects.

Added value of Al in predicting
drug combinations

Personalised medicine as it is practiced today usually does not
outline the unique characteristics of individual patients. Furthermore,
most of the treatment options involve only single drugs, whose
efficacy is limited due to the emergence of drug resistance.

“The DrugComb computational analysis pipeline has
exceptional potential to lead to novel, more effective and safe
treatments compared to the current cytotoxic monotherapies,”
emphasises Tang.

DrugComb constitutes one of the pioneers in computational
tool development for drug combination predictions. The main
novelty in the DrugComb solution lies in the fact that it combines
genomics with drug sensitivity data to provide more complete
and dynamic profiles about disease in real time. The platform
has been successfully used to predict synergistic combinations in
patients with T-cell prolymphocytic leukaemia and breast cancer.

Since completing the project, multiple pharmaceutical
companies have expressed interest in licensing of the DrugComb
portal for data analysis. The team is considering commercial
versions of the software tools for pharmaceutical companies.

Tang envisions “a company focused on Al-assisted drug discovery,
utilising the databases and tools developed by DrugComb for
increased cost-efficiency and improved patient care.”

PROJECT

DrugComb - Informatics approaches for the
rational selection of personalized cancer drug
combinations

COORDINATED BY
University of Helsinki in Finland

FUNDED UNDER
H2020-EU.1.1.

CORDIS FACTSHEET
cordis.europa.eu/project/id/716063

PROJECT WEBSITE
drugcomb.eu/
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Al could help anticipate
catastrophic effects of
future earthquakes

With the aid of Al researchers can now better understand the physical process

taking place deep within the Earth.

Since the 1960s geophysicists have been trying
to predict earthquakes, so far without success.
Anticipating such an event requires extensive
mapping and analysis of the Earth’s crust properties.

to go further with weak signals and continuous
evolutions of the crust's rocks.” says Campillo.

Al can therefore

The application of deep learning, a subfield of Al

fully exploit large that uses artificial neural networks to mimic the
Making this possible is the challenge the team data sets to way neurons in the brain interact with multiple
of researchers behind F-IMAGE have taken describe processing layers, enables complex relationships
on. Their goal was to develop novel functional  probabilistically the  and pattemns within data to be successfully
imaging of the brittle crust to elucidate not only ground motion modelled. Furthermore, the use of Al to teach
structural properties but also‘ fault dynamlFs. To expected for a machines to recogmse earthquakes and detect
do so, they used existing high-quality seismic . them very quickly among large masses of data

. 4 particular . S
observations that are saved in large data banks. has been developing rapidly in recent years.
earthquake.

In this endeavour, using Al has been critical in

terms of probabilistic seismic hazard assessment. “Al enables us
to learn the statistical relationships between these parameters
and ground acceleration records. Al can therefore fully exploit
large data sets to describe probabilistically the ground motion
expected for a particular earthquake”, says Michel Campillo, a
French seismologist and coordinator of the project.

By evaluating the short-term evolution of faults (regions where
geological fractures have occurred, often associated with
earthquakes and other tectonic activities), it becomes possible
to gain a better understanding of physical processes that
produce major earthquakes and thus improve risk assessment.

Unsupervised analysis with the
help of Al

This wouldn’t have been possible without the use of Al. “In this
huge data set, which is impossible to analyse in detail by hand,
there are obvious signals such as major earthquakes, but we intend

But what differentiates the F-IMAGE project
is its approach, which relies on unsupervised leaming, a type
of data analysis without labelled training data. “The idea is to
use a mathematical representation of signals that is optimal
in the sense that it captures many properties of different
timescales and allows the maximum amount of information to
be expressed,” the project coordinator says.

Moreover, global information can be extracted without any prior
assumptions, not solely relying on leamed features. Therefore,
this approach to data mining takes advantage of Al tools and
expertise, especially when dealing with vast datasets.

Methodological advances

In addition to advancing the use of unsupervised learing, the
project has introduced a technique for detecting and locating
small earthquakes. This method utilises data from a network
of sensors or observatories and takes into account physical
constraints, such as variations in the time it takes for seismic
waves to travel through the Earth. By considering these global
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properties and physical constraints, the project's technique
improves the accuracy and effectiveness of earthquake
detection and location. For improved detection capacity of the

can be applied beyond seismology. Professionals working in the
medical or industrial sector for instance will reap the benefits of
improved monitoring and data analysis.

quakes, the researchers introduced statistical quantification
steps that are derived directly from deep learming methods and
fed by large-labelled databases.

The project played a crucial role in advancing techniques that
utilise background seismic vibrations to create images of
the Earth's geological features and their temporal changes.
“F-IMAGE is an innovative approach in the rapidly evolving field
of seismology. It focuses its application on fault zones and it
employs various methodological advances such as using body
waves, drawing insights from acoustic and optical imaging
techniques, analyzing multiply scattered seismic energy”,
Campillo says.

In the future, there is major potential for applying the
methodological developments that Campillo and his team have
been working on to other areas as these innovative techniques

PROJECT
F-IMAGE - Seismic Functional Imaging of the
Brittle Crust

COORDINATED BY
Grenoble Alpes University in France

FUNDED UNDER
H2020-EU.1.1.

CORDIS FACTSHEET
cordis.europa.eu/project/id/742335

PROJECT WEBSITE
f-image.osug.fr/
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Al helps preserve
European cultural
heritage

With the help of technology, EU-Funded researchers mitigate risks to ancient

monuments and cultural sites.

The HYPERION
project has
developed
innovative tools for
building resilience
of historic areas

in social,
environmental and
economic terms.
These digital
innovations will
proactively enhance
our knowledge to
better cope with
future disasters.

Stretching from the dawn of civilisation
until today, Europe’s heritage sites both
represent and celebrate its joint history
and shared ideals. However, the impact of
a changing climate and other factors on
these cultural treasures can be difficult to
fully understand and measure.

“The HYPERION project has developed
innovative tools for building resilience of
historic areas in social, environmental and
economic terms. These digital innovations
will proactively enhance our knowledge to
better cope with future disasters.” explains
project coordinator Dr Angelos Amditis,
Research and Development Director of the
Institute of Communication and Computer
Systems of the National Technical University
of Athens.

Vulnerable heritage

The reason for investing almost EUR 6 million in the project
quickly becomes clear upon considering the nature of ancient
monuments that the project has focused on. The chosen sites
are particularly vulnerable to environmental threats such as
extreme weather events, earthquakes and volcanic eruptions.

HYPERION was therefore aimed at testing and better
understanding the effects of extreme weather conditions, the
ravages of time and intense geological phenomena on cultural
heritage monuments through pilots conducted in Rhodes
(Greece), Venice (Italy), Tensberg (Norway) and Granada (Spain).

The research team conducted atmospheric modelling to
determine site-specific severity criteria in relation to climatic
stressors. The main meteorological parameters used were wind
speed and direction, ambient temperature, relative humidity
and precipitation. Previously collated climate data were
obtained from the EURO-CORDEX archive, an internationally
coordinated framework to produce improved regional climate
change projections for all land regions worldwide.

Al helps researchers detect and
analyse threats to historical
monuments and sites

The HYPERION team incorporated information from different
sources such as literature, surveys and satellite images and in
situ sensors. This made it possible to determine more accurately
the structural make-up of heritage sites and the associated
uncertainties, as well as the impact of climate change.

Researchers placed sensors at historic monuments and cultural
heritage sites and employed vehicle-based drones, wide-area
satellite services and community engagement tools to improve
data acquisition. Artificial intelligence played an important role
by automatically identifying conditions through ground multi/
hyper-spectral imaging analysis techniques.

The project successfully generated very high-resolution satellite
images by employing state-of-the-art unsupervised and
supervised deep learning (DL) models based on convolutional
neural networks (artificial intelligence models specialized in
recognizing and interpreting visual patterns). The images were
sourced from various satellites, covering an area ranging from
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approximately 17 to 33 km? and were crucial for detecting
changes in land and cover at the project’s four study sites.

The use of Al has simplified the process of change detection,
allowing HYPERION to identify the presence of impervious
materials like asphalt or concrete, which hinder the absorption
of rainwater and increase the risk of pluvial flooding. Therefore,
Al allows the automation of an otherwise human-intensive task,
making the application of this technology feasible and enabling
continuous monitoring and not just intermittent assessments.

Community engagement and
future policymaking

However, according to Dr Amditis the heart of the project was the
development of the Holistic Resilience Assessment Platform. “The
HYPERION platform allows for integration of various analysis and
modelling tools. Such an essential tool can efficiently support the
local authorities in taking informed and faster decisions for the
sustainable reconstruction of historic areas,” he explains.

Another tool developed through the course of the project
and embedded in the HYPERION platform is the Community
Engagement Tool, available as a mobile application. Using the
Community engagement tool, residents and visitors of historic
cities, can photograph signs of damages to cultural heritage sites,

pin and share them live on a global map and assist in the reporting
of potential dangers to Europe’s cultural heritage assets.

“HYPERION’s platform can assist Cultural Heritage experts in
understanding the effect of previous restoration processes and
in taking decisions to avoid material degradation phenomena
and enhance resilience of our monuments,” concludes Dr Amditis,
stating that this one of the most critical results of the project.
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Project breaks new
grounds in Al to create
‘DNA of language’

With new approaches to machine learning, research provides language-

independent representations of text that can tackle artificial intelligence

hallucination.

repository of multilingual knowledge that
can be used to ground the reasonings and
outputs of these models and tackle the

of multilingual
problematic phenomenon of hallucination,” f g

MOUSSE provides
a huge repository

knowledge that can
be used to ground
the reasonings and
outputs of these
models and tackle
the problematic

states Roberto Navigli, Head of the Sapienza
Natural Language Processing Group and
MOUSSE project coordinator.

Using multilinguality

© vegefox.com/stock.adobe.com

Artificial intelligence (Al) hallucinations (generating content
that is false and not based on real world data) have become a
trend topic due to the roll-out of large language models such as
ChatGPT and Bard. But through an EU-funded research project,
computer scientists can get closer to perfect natural language
processing (NLP) independently of language while avoiding the
fake information factor in Al.

MOUSSE, or Multilingual, Open-text Unified Syntax-independent
SEmantics, investigated new directions to improve the
capabilities of multilingual semantic parsing, without the heavy
requirement of annotating data for each different language.

“While powerful and impressive, large language models, like
ChatGPT or Bard, still struggle to replicate the confidence
and common sense that characterises humans. MOUSSE
lays the foundations for this ambitious goal. It provides a huge

phenomenon
of hallucination.

das a resoudrce

The extensive repository developed by

MOUSSE is described by Navigli as ‘the DNA of language’,
since it provides the basis to construct meaningful sentences
in many languages.

This is thanks to the main result achieved by the project: the
ability to create the computational equivalent of the mental
representations humans create of texts, but independently of
the language. Navigli explains: “The computer forms an idea
of the meaning of a sentence that abstracts away from the
language and from the surface form, that is, the words through
which that meaning is expressed.”

The more languages the team uses to express the semantics,
the moare they can corroborate the quality of the representation
learnt. On the other hand, once a representation is obtained
from a sentence in one language, sentences in other languages
can be produced to express the same meaning. “It looks very
similar to machine translation, but it goes one step further:
it provides a formal, structured proof of what the machine
understood,” says Navigli.
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By taking advantage of multilinguality, MOUSSE is contributing
to levelling the NLP research field for all EU languages and
hundreds of other languages. The muiltilingual repository can
also be useful for language learners to improve their vocabulary
and learn in a way that is more based on meaning than on
individual words.

Leveraging Al tools for the best
outcome

The capabilities developed by MOUSSE are obtained in four
main steps, which are word sense disambiguation, entity linking,
semantic role labelling and semantic parsing. The resuilts achieved
were possible not only through deep leaming but also by keeping
the model and its outputs interpretable and manipulable.

In summary, the project was able to connect symbolic knowledge
and neural networks, leading to an innovative neuro-symbolic
approach. According to Navigli, this means it takes the best
of both worlds: high performance and effectiveness from the
neural models, and interpretability, manipulability and language
independence from the symbolic part.

Essentially, symbolic knowledge is provided by multilingual
knowledge graphs like BabelNet, a huge multilingual
encyclopaedic computational dictionary that was an output of
the MultiJEDI project, also coordinated by Navigli. The results of
both projects have been engineered and made sustainable by
his successful university spinoff company, Babelscape.
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Syntax-independent SEmantics

COORDINATED BY
Sapienza University of Rome in Italy

FUNDED UNDER
H2020-EU.1.1.

CORDIS FACTSHEET
cordis.europa.eu/project/id/726487

PROJECT WEBSITE
mousse-project.org/

The enigmatic world of
protons unveiled by Al

Steering through a maze of probabilities, machine learning helps uncover hidden

subatomic interactions within protons. EU-funded researchers delved into the

interplay of a seething sea of quarks, antiquarks and gluons within protons, crucial

for deciphering proton fine structure.

The EU-funded NNNPDF project sought to explore the inner life
of a familiar particle, the proton, and its structure in a novel way,
using machine learning techniques.

“The proton structure is theoretically predicted by the theory of
strong interactions, one of nature’s four fundamental forces.

However, determining this structure from first principles is
extremely complex,” notes project coordinator Stefano Forte.

The coordinator explains that the proton structure must be
inferred from data by comparing predictions to experiments,
such as those at CERN's Large Hadron Collider, preserving the
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proton structure as an unknown variable. “The challenge then
relies on discovering a law of physics, which is known to exist but
cannot be derived from first principles. This is much like learning
a new language without knowing its grammar - a typical
machine learning problem,” elaborates Forte.

Overcoming machine learning
implementation challenges

The unique challenge of studying subatomic particles like
protons lies in their quantum nature. “Unlike a cog in a
mechanism, a quark in a proton resembles a puff in a cloud.
The laws of physics we seek predict event probabilities rather
than events themselves,” remarks Forte. “As a result, we needed
an unconventional machine learning approach that transcends
pattern recognition, such as images, and decodes event
probabilities instead.”

To accomplish this, the NNNPDF team faced two main technical
obstacles. The first one pertained to efficiently generating a large
number of predictions that could be interpreted statistically. The
second one involved exploring the space of all possible models
to find the one that best describes nature in an objective and
unbiased manner.

The team employed neural networks and deep neural networks
as inference models, coupled with Monte Carlo methods to
reproduce the statistical nature of their results. Furthermore,
statistics (K-fold cross-validation) were employed to explore
various model classes and test their generalising power. Grid-
based clustering and hardware acceleration enabled rapid
processing of large data volumes, improving analysis efficiency.

The driving force behind
machine learning application in
high-energy physics

The growing necessity for machine learning in high-energy
physics stems from the need to extract hidden signals from vast
amounts of data. However, challenges remain, such as avoiding
experimenters’ bias and accurately assessing uncertainties.
The NNNPDF project has tackled these challenges head-on,
demonstrating the immense potential of machine leamning in
the field.

“As high-energy physics research focuses on the precision
frontier, detecting subtle signals demands exceptional
control over experimental and theoretical accuracy. Our main
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contribution lied in developing reliable machine learning tools
whose accuracy could be reliably assessed,” highlights Forte.

“Machine learning techniques are becoming
more prevalent in high-energy physics.
While no discovery has yet been directly
credited to machine learning, we reported
the first evidence that heavy quarks (charm
quarks) are part of the proton wavefunction.
Our finding published in Nature is possibly
the first example of a machine learning-
driven breakthrough in the field,” adds Forte.

NNNPDF achievements have both direct
and indirect impacts across various fields.
Directly, the accurate description of the
proton structure allows for subtle tests of the
current theory of fundamental interactions,
potentially leading to the discovery of dark
matter’s nature. Indirectly, the proposed
advanced methodologies in machine
leaming, data science and high-performance
computing could find applications extending
far beyond particle physics.

PROJECT
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An EU-funded project has extended the range of methodological tools for

researchers working with regression discontinuity designs through use of modern

machine learning techniques.

A valuable methodological tool to study cause and effect
relationships, the regression discontinuity design (RDD) plays a
significant role in a growing number of research programmes.
To further refine RDD and make its analysis more accurate, the
RD-ADVANCE project examined and developed new methods to
be applied in studies using this evaluation design.
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“RDDs allows researchers to learn about causal relationships
in certain settings where randomised controlled trials are not
feasible and observational data has to be used instead,” explains
Christoph Rothe, professor of economics and RD-ADVANCE
project coordinator.
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“The newly developed methods will allow
researchers in areas, such as economics, education
and public health, to better quantify the causal
impact of different types of policy measures,”
adds Rothe.

Developing new
methods for RDD

RD-ADVANCE, coordinated by the University of
Mannheim in Germany, was divided into three
parts to evaluate different elements of RDD. In

The newly
developed methods
will allow
researchers in areas
such as economics,
education and
public health, to
better quantify the
causal impact of
different types of
policy measures.

Accuracy ensured

The RDD approach works with two groups of
individuals - a treatment group that receives the
intervention and a control group that does not.
Participants are grouped based on a cutoff point
in the running variable. Comparing outcomes
on either side of the cutoff point helps infer the
treatment's causal effect.

However, in RDD, there is a risk that individuals
might deliberately change certain aspects
of themselves or their behaviour in order to
influence which treatment group they are

the first part, team members developed methods

to incorporate covariates (independent variables

that can influence the outcome of a given statistical trial) into the
analysis of regression discontinuity designs. This was carried out
with the help of Al to allow for more precise conclusions.

“Specifically, machine learning was used to extract information
from a potentially large number of covariates, which in tumn is
then used to reduce the variance of regression discontinuity
estimates of causal effects,” notes Rothe. With the expanded
technigues, Rothe says researchers will be able to reduce the
uncertainty resulting from limited data and, therefore, give better
policy advice.

In the second part of the project, the team studied the confidence
intervals (Cls) commonly used in statistical analysis. These Cls
are based on standard errors clustered by a certain variable,
called the running variable. The aim of these common Cls is to
quantify the uncertainty related to the treatment effects that
are being studied.

However, the researchers found that, when dealing with a discrete
running variable, these commonly used Cls may not perform well
and may not accurately represent the true uncertainty related
to the estimated treatment effects. To address this issue and
provide a more reliable approach for researchers, the project
team developed two new Cls that can help researchers make
more accurate assessments of causal effects.

assigned to. This could undermine the credibility
and validity of the RDD approach.

Therefore, to overcome this potential problem and ensure the
accuracy of RDD analysis, the third part of the project was
dedicated to developing methods for estimation and drawing
conclusions that can account for manipulation in RDD studies.
The team established a broad framework to address the issue
of manipulation, using nonparametric statistical methods, while
also considering additional aspects of the manipulation scenario.

For more details on the methods developed, there are three
publications available on the results page of the project.
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Al-based platform offers
personalised support to
people with obesity

Using cutting-edge Al techniques, the Stop Obesity Platform features a chatbot

that tailors recommendations on nutrition and exercise according to people’s health

data and emotions.
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Overweight and obesity affect 59 % of adults and almost one
in three children in Europe, according to the WHO European
Regional Obesity Report 2022. Obesity has become a societal
challenge, but the STOP project, undertaken with the support of
the Marie Sktodowska-Curie Actions programme, wants to help
change that through Al.

Coordinated by FTK, Research Institute for Telecommunication
and Cooperation in Germany, the project developed an innovative
platform that gathers and analyses health data from people with
obesity to provide them with information and guidance related to
nutrition and exercises. It also helps mitigate the growing costs
of obesity and related health issues, such as heart diseases,
diabetes, liver disease, gallstones, cancer and dementia.

“One of the key features of the Stop Obesity Platform is its
ability to import users’ fitness data from wearable devices,” says
Binh Vu, project coordinator. “To harness the power of this rich
data set, machine learming algorithms are employed to analyse
and derive valuable insights from the collected information.”

The data collected includes people’s activities and exercises,
along with nutritional, biomedical and physiological information,
used to create a comprehensive health profile for each user. Then,
the algorithms analyse patterns, correlations and trends within
the data to provide a deeper understanding of users’ health
behaviours and needs. “This analysis serves as the foundation for
the platform’s chatbot functionality, which offers a unique way to
receive personalised health information and guidance. Together
with healthcare professionals, the chatbot can suggest better
nutrition and exercises to patients,” describes Vu.
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Al tools create an empathetic
chatbot

The integrated chatbot made data collection easier and more
frequent in the STOP platform because users could engage with
it at their convenience. Additionally, it was developed to observe
and analyse the conversations, adapting them to the patient’s
mood. Al techniques played a pivotal role in this, showing its
significant value in virtual psychological counselling.

Natural language processing, a subfield of Al that helps
computers understand, interpret and manipulate human
language by transforming information into content, was used
to enable the chatbot to effectively understand user input and
respond to it accordingly. The research team worked with deep
learning models, like recurring neural networks and transformers,
to handle the complexity of natural language understanding
and generation tasks.

Sentiment analysis was fundamental to allow the chatbot to
assess the users’ emotions during conversations and provide
more empathetic and personalised support. “By utilising advanced
deep learning models like convolutional neural networks and
long short-term memory networks, we were
able to accurately analyse the sentiment
expressed in user input,” explains Haithem
Afli, lead researcher of the Al chatbot.

The project team also implemented
personality models to the chatbot’s
conversational style to make interactions
more engaging and user centric. “The
advancements in the used Al techniques
made a significant difference in providing
effective support and guidance to individuals
with obesity,” Afli points out.

difference
in providing

and guidance
to individuals
with obesity.

Gamification for continuous
results

The Stop Obesity Platform also takes advantage of gamification
to encourage people with obesity to continue practicing healthier
habits. For example, users can earn virtual points when they reach
their fitness goals, learn about nutrition through mini games and
participate in challenges to improve their activities’ progress. The
idea is to provide gratification and tangible measures of success
to make the behaviour change more enjoyable.
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Al in personalised
medicine: Better risk
identification, prevention
and treatment of carotid
artery disease

By harnessing the power of Al researchers have developed a novel disease

mechanism-based stratification for carotid artery disease patients, unlocking

tailored therapeutic interventions.

Carotid artery disease is caused by the narrowing or blockage
of the neck arteries due to plaque build-up (atherosclerosis).
Current screening for asymptomatic carotid disease, prevention
of stroke and disease management rely on the 2017 Clinical

Practice Guidelines of the European Society for Vascular

Surgery. However, disease variability impedes
effective clinical decision-making, necessitating
more personalised interventions.

Al-based patient
stratification strategy

The key objective of the EU-funded TAXINOMISIS
project is to develop a novel model that can be
employed to categorise patients based on their
risk of developing carotid artery disease and
experiencing cerebrovascular events manifested
as stroke, transient ischaemic attack or transient
loss of vision. The model will assist healthcare
professionals in making better-informed
decisions about patient care and treatment,
potentially leading to improved clinical outcomes.

TAXINOMISIS has
designed a rational
new approach to
address key clinical
gaps in carotid
artery disease in
terms of predicting
progression, need
for follow-up and
selection of
appropriate
interventions.

“TAXINOMISIS has designed a rational new approach to address
key clinical gaps in carotid artery disease in terms of predicting
progression, need for follow-up and selection of appropriate
interventions,” explains project coordinator Dimitrios Fotiadis.

The model encompasses Al-based modules/
components that integrate clinical information
and personalised patient data, plaque and
brain images, along with blood flow patterns
and novel biomarkers. Computer models
and simulations predict silent brain lesions,
cardiovascular events, plaque vulnerability, and
plague evolution and rupture.

Machine-learning
techniques for carotid
artery disease prediction

The TAXINOMISIS risk stratification tool assesses
the risk of carotid artery disease in individuals by

using non-imaging data as input to evaluate the likelihood of
high-risk plaques and the potential development of the disease.
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The tool goes a step further by linking the condition of the carotid
artery to the presence of brain lesions and predicting the risk of
new brain lesions in patients.

Furthermore, the TAXINOMISIS stratification tool includes
a blood flow component, which is applied to predict the risk
for plague progression, while it is also exploited as an event
prediction model.

Additionally, the tool can estimate the risk of plaque rupture,
which is a serious condition associated with blood clots inside
blood vessels. The tool uses two different models to estimate
the risk of plaque rupture — a complex model, which takes into
account various factors related to both the structure of the
arterial wall and the composition of the plaque itself, and a
simplified model, which focuses only on the interior space of
the artery, known as the lumen. Thus, medical professionals can
choose the appropriate level of analysis based on the available
data, resources, and the clinical context.

Finally, the TAXINOMISIS risk stratification tool utilizes advanced
Al techniques to reconstruct the 3D geometry of arteries and to
characterize plaque through magnetic resonance and ultrasound
imaging data.

Added value of Al in patient
care

“We anticipate that the TAXINOMISIS risk stratification tool will
increase the efficiency and quality of the overall health system
on carotid artery disease,” outlines Prof. Fotiadis.

The risk stratification tool may also aid medical professionals
in comprehending the disease’s fundamental mechanics, which
might eventually lead to better treatment plans. By speeding up
the diagnosis process and reducing the need for more intrusive
tests or treatments, the TAXINOMISIS tool will also contribute to
lower healthcare expenditures.

© TAXINOMISIS

With input from physicians and users, as well as data from
clinical trials and real-world cases, the team will further
improve the platform’s algorithms and models. Joint ventures
or collaborations with other organisations will be instrumental
to integrating the TAXINOMISIS tool in healthcare systems or
combining it with other available tools.

“We envision the TAXINOMISIS tool to be incorporated in daily
clinical practice, enhancing clinical decision-making through
accurate risk stratification,” concludes Prof. Fotiadis.
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Al-related genetic algorithms that use insights from topological quantum chemistry

have transformed the design of topological mechanical metamaterials.
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Over the last few decades, topological materials have taken
the physics and engineering community by storm as scientists
continue to discover more of these exotic materials whose
properties remain unchanged under continuous twisting, bending
or other deformations. Once thought unusual, topological
materials are ubiquitous and include electronic, optical and
mechanical ones.

Topological mechanical metamaterials and, more generally,
topological aspects of condensed matter systems are a vibrant,
emerging area of research. Accelerating their discovery and
application requires innovative design approaches. The EU-funded
TopMechMat project set out to exploit the power of genetic
algorithms in executing the required large-scale parameter scans
in novel design algorithms.

Topological quantum chemistry
and genetic algorithms

According to project coordinator Sebastian Huber of project host
ETH Zurich: “The key characteristic of topological materials — the
stability of functionalities encoded in topology — stems from the
fact that topology manifests itself in discrete-valued topological
indices.” These indices are mathematical functions that map
chemical or molecular structures to numerical values — the
digital counterparts of chemical structures. These discrete-valued
topological indices must be optimised to discover new topological
materials, meaning traditional continuous optimisation schemes
based on gradients like steepest descent cannot be used.

TopMechMat turned to the emerging theory of topological
quantum chemistry and Al-related genetic algorithms to overcome
these challenges. Topological quantum chemistry, describing all
possible band structures (possible electron energy levels and
band gaps) in all materials, provided deep theoretical insight into
the fundamental mechanisms at work in topological materials.
Next, Al-related genetic algorithms — a gradient-free optimisation
approach based on genetics, natural selection and evolution —
harmessed these insights in the search for topological mechanical
metamaterials. Widely used in Al and machine learning, they
are extremely efficient at discovering optimised solutions when
searching through large and complex data sets.
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New design approach, new
topological mechanical
metamaterials

“We have transformed the way we design our topological
mechanical metamaterials with the combination of topological

quantum chemistry and Al-related evolutionary design strategies
such as the covariance matrix-adaptation evolution strategy. With

We have
transformed the
way we design our
topological
mechanical
metamaterials with
the combination of
topological
guantum chemistry
and Al-related
evolutionary design
strategies such as
the covariance
matrix-adaptation
evolution strategy.

these, our applied research (the search for
topological mechanical metamaterials) has
furthered our understanding of fundamentals
(topological mechanisms). Success is evident
— our approach has revealed topological
structures never observed in any other
platform, including the electronic ones
investigating such phases of matter since the
early 1980s,” Huber notes.

Similarly, the project demonstrated the
extended value of interdisciplinary research,
where discoveries and experimentation in one
field can lead to unexpected breakthroughs
and insights in seemingly unrelated areas.
While studying sound waves in acoustic
cavities, the researchers realised that the
insights obtained from the engineering of
acoustics have implications for understanding
superconductivity in a quantum material,
twisted bilayer graphene. “This surprising

connection between two seemingly unrelated topics, may be one
of the most important lessons of this project,” Huber notes.

Huber believes Al will play an even more significant role in the
search for topological electronic materials. “Simply put, the
design of mechanical or optical materials can be reduced to
drilling the correct arrangement of holes in the correct materials.
Electronic compounds require sifting through voluminous entries
in crystallographic databases in an effort to link them to desired
properties, a challenge well-suited to Al data science methods,”
he concludes.

Harnessing the power of genetic algorithms and other Al-based
methods should accelerate revelations beyond the current tip of
the iceberg when it comes to topological mechanical, electronic and
optical metamaterials. Exotic new applications are sure to follow.
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Digital curation helps
unveil historical truth
about the Holocaust
buried in archives

Using cutting-edge digital tools powered by Al the VHH project is making archive

material of the Holocaust available for co-creation and research practices.

Commemorating the Holocaust helps ensure that neither victims
nor perpetrators are forgotten. While much visual material is
available thanks to Allied military personnel, little has been
digitised or exists in formats useful for contemporary research.

The EU-supported VHH (Visual History of the
Holocaust: Rethinking Curation in the Digital
Age) project is using digital techniques to
dynamically link film about the discovery of
Nazi concentration camps and other sites of
atrocities, with supplementary photographs,
audio and text.

“One of the project's main objectives is
developing a new understanding of digital
curation and examining the possibilities
offered by artificial intelligence (Al),” explains
project coordinator Ingo Zechner.

examining the

by artificial
intelligence (Al).

The system is intended for media researchers and producers,
teachers, cultural heritage curators and tourism professionals,
amongst others. While some software components were off-the-
shelf, such as the optical character recognition engine software
(Tesseract), much was customised — creating new solutions.

A modular system

VHH set out to make available as much visual media about the
Holocaust as possible, sourcing material often previously restricted
to specialist institutes, such as the Imperial War Museums
in the United Kingdom.

To achieve this, the material — film, audio, photographs and
text documents — is digitised for a digital repositary. Artificial
intelligence in the form of machine learning is used for the
automatic analyses of text and film documents.

Text documents, once scanned, are processed with transcription
software that provides the basis for indexing and searchability.
Translation software has also been piloted to capture foreign
language text.

With film, Al-powered analysis software, created by the project,
detects individual shots, camera techniques and objects, with
meta tags added for searchability. The system then suggests
related or similar material and links items. Users view the
digitised films on a new media player designed to preserve the
specifics of the analogue originals.

It was important for the project to make material available in its
raw state. “With film, users can view unedited footage, learning
about the immediate context, inferring something about why
footage was selected or left out and sometimes about the
people behind the production,” says Zechner, director of the
Ludwig Boltzmann Institute for Digital History, the project host.

The system is accessed via a website, and as it has a geolocation
function can highlight available resources for that location,
especially useful for areas which may have little material.
“You can imagine a user accessing what we have via a mobile
device as they wander around a site,” adds Zechner. It also has a
timeline feature, allowing users to access material for an event
or location over time.
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Recontextualising place and

time

VHH’s approach offers a richer understanding of history to offer
society an innovative approach to learn about the past.

They produced ready-for-use automatic analysis tools for future
automatic text analysis and created curatorial solutions for the
transparent presentation and comparison of automatic and
manual analysis results.

For example, while the American military were recording
evidence of atrocities in the spring of 1945, the Soviets had
already been doing so since 1941.

“Seeing footage of Soviet soldiers encountering atrocity sites
beyond concentration camps, reinforces just how decentralised the
barbarism was, with cruelty meted out face to face. We wouldn't
have known much about that otherwise,” remarks Zechner.

VHH'’s prototype has been undergoing seven sets of user
trials with film students, media producers, tour guides and
schoolteachers in university courses, carried out at memorial
sites Mauthausen and Gusen and at the office or home of
participants. Feedback has already been integrated to improve
the system and ensure the most relevant features.

The team has also worked on a digitisation toolkit for cultural
heritage objects and the release of their metadata model,
adapted from the previous EU-supported EFG project. All the
software developed is open-source and the code has been
released as open access on GitHub.

“The analysis of curatorship in the digital age and the
development of curatorial best practice models would not
have been possible without the use of Al,” concludes Zechner.
Furthermore, the VHH project demonstrates the potential of Al
technology for analysis of much larger sets of films, photographs
and other historical documents, which can be applied in various
other cultural heritage projects.

PROJECT
VHH - Visual History of the Holocaust:
Rethinking Curation in the Digital Age

COORDINATED BY
Ludwig Boltzmann Institute for Digital History,
in Austria
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Al: helping wireless
networks help themselves

Al is the key to unlock optimised access, performance and resource use in wireless

systems as their complexity increasingly exceeds conventional engineering’s

capabilities.

The Internet of Things (IoT), a term first used only about 25
years ago that describes the many devices connected to the
internet, is fast becoming a reality. There are now billions of
these physical devices, collecting and sharing data. This
creates a huge need for high-performing cellular networks yet
optimising network performance is becoming nearly impossible
with traditional engineering approaches.

To address these issues, the WINDMILL project has taken
a twofold approach. It has leveraged the power of Al and
trained a new generation of early stage researchers (ESRs) in
its application with the support of the Marie Sktodowska-Curie
Actions programme.

Machine learning methods
for next-generation wireless
networks

Machine leaming is a subfield of Al well-suited to complex dynamic
network optimisation. Its algorithms enable computer systems to
iteratively learn from training data, build a model based on it and
then make decisions, inferences or predictions related to new data
without being explicitly programmed to do so.

According to project coordinator Cedomir Stefanovi¢ of Aalborg
University, “analytical modelling of incredibly complex cellular
systems like 5G and beyond 5G is often impossible. Machine
learning tools were successfully applied to several related
challenges.” These included: the use of intelligent surfaces
(advanced antenna arrays) for enhanced localisation; creating radio
maps of wireless users’ locations (so-called channel charting); and
clustering of users in cell-free massive multiple-input multiple-
output (MIMO) systems (systems in which there are more access
points than users and each access point has many antennas).

Wireless access anywhere and everywhere requires the
optimised use of time, spectrum and energy resources.
Stefanovi¢ continues: “WINDMILL investigated the use of deep
reinforcement learming — a subfield of machine leaming - for
provision of efficient and fair access to massive numbers of
users (loT networks), neural networks to improve spectral
efficiency, and learning-based methods for resource allocation
and scheduling in wifi networks.”

Finally, WINDMILL demonstrated the potential of robust
Bayesian learning in addressing wireless communications
challenges posed by limited training data and model
inconsistencies — situations where traditional algorithms often
fail. Bayesian learning, a statistical approach that updates a
model as new evidence or data is received, is a powerful tool
for various machine learning tasks, especially complex problems
and uncertain or incomplete information. WINDMILL's outcomes
pave the way for the effective use of Bayesian learning in critical
applications such as localisation and spectrum sensing, expected
to be vital components of future 6G systems.
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A llVlng legacy As the demand for reliable and high-performance wireless
communications grows, WINDMILL has demonstrated what Al
can do for our wireless connectivity and prepared a new cohort

of researchers to carry the torch into the future.

Sharing of knowledge and experience with the scientific community
amplifies impact and drives innovation. The ESRs were trained

WINDMILL's
outcomes are
directly relevant to
5G and 6G
networks. We also
demonstrated
pioneering results
on the autonomous
learning of
communication
protocols by
network devices
using reinforcement
learning. Imagine
network devices
able to learn how to
efficiently
communicate with
minimum
intervention by
network engineers!

in presenting problems, solutions, theory
and methods regarding machine learning
for network optimisation through biannual
meetings and weekly posts, blogs and
short research articles. Stefanovi¢ explains:
“The Knowledge Sharing Platform became
a playground for their curiosity within the
scope of their project topics and as young
researchers.” He adds: “For me, the most
important outcome was the training of a
cohort of young and talented researchers
who are now ready to design and develop
new generations of wireless systems leveraging
the power of Al”

6G and beyond

Stefanovi¢ concludes: “WINDMILL's outcomes
are directly relevant to 5G and 6G networks.
We also demonstrated pioneering results on
the autonomous learning of communication
protocols by network devices using
reinforcement leaming. Imagine network
devices able to learn how to communicate
efficiently with minimum intervention by
network engineers!”

PROJECT

WINDMILL - Integrating wireless
communication engineering and machine
learning

COORDINATED BY
Aalborg University in Denmark

FUNDED UNDER
H2020-EU.1.3, H2020-EU.1.3.1.

CORDIS FACTSHEET
cordis.europa.eu/project/id/813999

PROJECT WEBSITE
windmill-itn.eu/
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