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This document is released as part of the ENFIELD project, which receives funding from the European Commission
through the HORIZON-CL4-2022-HUMAN-02 call and is governed by Grant Agreement No. 101120657. The
ownership of this document and its contents lies with the ENFIELD Consortium, and all rights associated with it are
subject to applicable laws. Accessing this document does not confer any rights or licenses related to the document
or its contents. It is strictly prohibited to use or handle this document or its contents in any manner that contradicts
the rights or interests of the ENFIELD Consortium, and external disclosure is prohibited without prior written consent
from the ENFIELD Beneficiaries and Partners. Each ENFIELD Beneficiary and Partner may utilize this document
in accordance with the terms specified in the ENFIELD Consortium Grant Agreement and the Consortium
Agreement. The information provided in this document is presented as-is, and no warranty, either expressed or
implied, is provided regarding its suitability for any specific purpose. Users of this information do so at their own
sole risk and liability.
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Executive Summary

The ENFIELD project, funded by the European Commission, aims to promote the development,
deployment, and societal acceptance of Al technologies across Europe, focusing on four key
research pillars: Green Al, Adaptive Al, Human-Centric Al, and Trustworthy Al. These pillars
address the urgent need for Al systems that are environmentally sustainable, responsive to
changing environments, aligned with human values, and secure against malicious actions.
ENFIELD's work on Green Al focuses on reducing Al's environmental impact through energy-
efficient models and edge-cloud optimizations. The Adaptive Al pillar explores systems capable
of real-time adaptation to dynamic environments, while Human-Centric Al emphasizes
explainability and accountability in Al decision-making. Finally, Trustworthy Al ensures that
systems are secure, resilient, and privacy-preserving. By advancing research in these areas,
ENFIELD seeks to strengthen Europe’s competitive standing in Al, ensuring socio-economic
benefits for citizens and industries.

The project leverages an interdisciplinary approach, fostering collaboration between academia
and industry while addressing real-world challenges in strategic sectors like Healthcare,
Energy, Manufacturing, and Space. These industrial domains serve as testing grounds for Al
applications and contribute valuable real-world data to further Al research.

Through cutting-edge research, ENFIELD is expected to deliver high-impact outcomes,
including innovative Al frameworks, privacy-preserving techniques, and trustworthy decision-
support systems, thereby contributing to the EU’s long-term leadership in artificial intelligence.
ENFIELD also aims to both benefit from and contribute to Europe’s dynamic and evolving Al
research ecosystem.

This deliverable (D4.2) defines the initial version of the ENFIELD project's Common Research
Vision and Roadmap (CRVR) and outlines the project's contributions to Al research and
development in Europe. It elaborates on ENFIELD’s academic and industrial vision through the
project’s four key pillars: Green Al, Adaptive Al, Human-centric Al, and Trustworthy Al. The
document then places ENFIELD within the broader European Al research landscape, offering
detailed insights into major EU-funded Al projects and networks of excellence, along with an
analysis of potential synergies and opportunities for co-development. Finally, it presents the
conclusions, detailing ENFIELD's future trajectory and frames the priorities and focus areas for
the upcoming version of the CRVR and its coordination with relevant EU strategies.
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1 Introduction

Artificial Intelligence (Al) technologies may help promote inclusive economic growth, bring
great benefits to society, and empower individuals in the coming decades. They can contribute
significantly to solve global challenges, such as climate change and improved energy
affordability, security, and sustainability. However, Al tools and applications raise new
challenges for governments, businesses and more generally citizens. They could indeed make
misjudgments, act unpredictably and be manipulated or tricked (Lisbon Council, 2018).
Achieving desired objectives while mitigating or avoiding potential problems involve that many
challenges must be addressed successfully by academics and industrials that provide or create
Al tools and applications.

The ENFIELD project aims at promoting successful Al technologies development, deployment
and acceptance across societies. This is critical for the competitive EU position in Al and to
generate significant socio-economic impact for the benefit of European citizens and
businesses. In this purpose, ENFIELD is organized around 4 pillars which have been identified
as critical domains of research in Al with important industrial applications:

e GreenAl,

e Adaptive Al

e Trustworthy Al

e Human-centric Al

Al technologies require significant material and energy consumption due to their heavy
computational tasks. This has prompted industries, academics, and regulators to prioritize
Green Al to reduce its environmental impact, with initiatives like the ENFIELD project focusing
on sustainable Al development. Three key areas are being researched: monitoring Green Al
metrics, achieving Green Al on the edge, and optimizing the edge-to-cloud continuum. These
areas aim to reduce power consumption, improve energy-efficient Al models, and enhance
continual learning. The project also explores hybrid Al models and lifecycle assessments to
further minimize carbon emissions while maintaining Al performance.

Adaptive Al systems are crucial for responding to dynamic environments and evolving
business needs. Current Al systems face challenges like excessive data requirements,
susceptibility to adversarial attacks, and lack of robustness. The ENFIELD project focuses on
three main research areas: monitoring adaptive Al metrics, developing adaptive Al for edge
devices, and improving incremental learning robustness and trustworthiness. Another
emerging area is brain-inspired adaptive Al, which seeks to replicate the brain's ability to adapt
to changing environments. These efforts aim to improve Al adaptability, efficiency, and
reliability, fostering widespread adoption in real-world applications.

Al systems are increasingly integrated into decision-making, requiring a Human-centric
approach to ensure transparency, accountability, and oversight. ENFIELD focuses on enhancing
Al explainability by developing techniques for clear, context-aware explanations tailored to
different stakeholders. The project explores new methods for explaining complex Al models,
such as sequential decision-making and spatio-temporal models, and evaluates human-Al
collaboration through trust studies and cognitive load monitoring. ENFIELD also addresses the
societal impacts of Al, including fairness, bias detection, and user agency, especially for
vulnerable groups. The goal is to create trustworthy, interpretable, and ethically responsible
Al systems for real-world applications.
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Al systems must be resilient to both system limitations and malicious actions, ensuring
robustness and security. ENFIELD addresses these challenges by developing Trustworthy Al
solutions that privacy-preserving Al techniques and creating a cybersecurity risk management
framework for Al, focusing on adversarial machine learning, privacy compliance, and secure
federated learning in loT systems. Key research areas include Al-generated content detection,
trust modelling in distributed systems, and enhancing voice biometrics security. The project
also aims to advance cryptographic methods, such as Zero-Knowledge Proofs, to ensure the
integrity of Al-generated results while protecting sensitive data, with applications particularly
in healthcare and other high-stakes environments.

The overall objective of ENFIELD is to bring European Al teams up to the highest level of
research excellence in the scientific research domain corresponding to these 4 pillars. In this
respect, the participants seek to develop a living and sustainable research network by fostering
cooperation and disseminating scientific excellence through high-quality publications.
Research activities will be carried out using an iterative R&D process based on an agile
development approach. Each pillar will initiate an iterative loop, starting with the collection of
initial requirements, the rapid proposal of new ideas and basic hypotheses, the design and
development of a first version of the toolbox, and finally the testing and validation efforts to
produce improvements for the next iteration. Continuous learning feedback links and updates
the work in each scientific pillar.

Multidisciplinary and inter-sectoral approaches are important ingredients of the project to
achieve fruitful collaborations between academic and industrial partners. Interdisciplinary
research is de facto required and integrated into the composition of the pillars themselves. To
redefine the increasingly complex challenges facing the world today and arrive at solutions
based on a new understanding of these multifaceted situations, the separation between the
technical sciences on the one hand and the social sciences and humanities on the other is
broken down, to blend technical and social issues. The interdisciplinary aspects are also
considered by linking the pillars of the research carried out with the industrial domains to
reconsider the results of the research considering each of the industrial domains and vice
versa.

Knowledge co-creation and collaboration events will be the catalysts for this
interdisciplinarity and for constructing a living and sustainable research network. They will
provide an opportunity to redefine and discuss research challenges, identify the most relevant
and promising areas for high-quality research, refine the formulation of problems for the four
pillars outside the usual boundaries, and arrive at solutions based on a new understanding of
complex situations. Shared resources (DIHIWARE platforms, etc.) and open access to research
outputs (Open Research Europe, etc.) will facilitate co-creation and contribute to better cross-
border collaboration, the constitution of a critical mass of stakeholders, the efficient use of
resources and the competitive advantages of the European stakeholders.

The CRVR is organized as follows: the second section is dedicated to the presentation of
ENFIELD’s academic and industrial vision of Al. This section is divided into four sub-sections
according to the four academic pillars addressed in the project. The third section exposes a
first overview of Al research project on Al in Europe, while the last section concludes the
report. The fourth section details the main points that will be covered by the second version
of CRVR in Deliverable D4.5 in Month 24 of the project.

ENFIELD: European Lighthouse to Manifest Trustworthy and Green Al 7
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2 ENFIELD Academic and Industrial Vision on Al

The purpose of this section is to summarize the main objectives and output of both academic
research and industrial actions carry on during ENFIELD project. ENFIELD foundational
research activities are organised under four carefully selected horizontal themes with Green
Al, Adaptive Al, Human-Centric Al and Trustworthy Al. The European Al Strategy underlines
the importance of the last two ones, while the Digital and Green Europe priorities highlight
the critical role of Green Al research. Many real-world Al applications face changing execution
environments, the Adaptive Al pillar appears thus as a key element for the wide spread of Al.
The overall objective of ENFIELD is to bring European Al teams up to the highest level of
research excellence in the scientific research domain corresponding to the 4 pillars

In addition to pillars, ENFIELD is also organized with 4 industrial domains (application
domains): Energy, Healthcare, Manufacturing and Space. These domains appear as sectors
where the deployment of Al technologies is promising. In this document, we opt to present
both academic and industrials outputs using pillars (Figure 1). This approach allows us to avoid
repeating elements that underpin academic as well as industrial backgrounds and objectives.
Industrial outputs are thus presented within their main academic pillar. The following sections
present the main academic views and studies, as well as the first industrial results respectively
associated to the Green Al, Trustworthy, Human-centric and Adaptive Al pillars.

Industrial Domains ( A ( R [
ENERGY [ Q") j
4 HEALTHCARE -
MANUFACTURING = ‘“‘ |

L&) (&) @] |#&

GREEN ADAPTIVE HUMAN- TRUSTWORTHY

Research Pillars Al Al CENTRIC Al Al )

Common Research Vision and Roadmap
Safety and Security Risk Assessment Framework

White Paper
Standards and certification
Collaboration, networking and exchange programmes

Figure 1 ENFIELD Vision structures around foundational pillars and industrial domains

The ENFIELD project addresses key research challenges across its four core pillars, each defined
through a set of prioritized research topics. These are directly linked to specific applied and
industrial frontiers, represented by a corresponding set of prioritized use cases. Research
activities are jointly conducted by academic and industrial partners, ensuring a
multidisciplinary and cross-sectoral approach. The Common Research Vision and Roadmap
(CRVR) emerges from the research carried out within the four pillars and across the four
industrial domains. This strategic output is further complemented by a dedicated White Paper
and the Safety and Security Assessment Framework (SSRAF).
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2.1 Green Al Pillar

Research, development, training and use of Al technologies generate tremendous
consumption of materials and energy due to extensive computational tasks, data collection,
and storage demands (Schwartz, et al., 2020). An illustration of these trends comes from the
recent progress of language processing or computer vision models that generate a
proportional rise in resource consumption (Hacker, et al., 2023). Many industries, academics
or regulators, such as the EU (see Europe Digital and Green priorities), are aiming to reduce
the environmental footprint of Al. The concept of Green and Sustainable Al appears as a critical
requirement within strategic roadmaps and policies, underlining the necessity to address
environmental concerns alongside technological advancements. ENFIELD project is part of this
transition toward Green Al. The EU is a world leader in the fight against climate change, and
its goal of achieving carbon neutrality by 2050 is just one example of the EU's leadership in
this area. Al technologies can help to achieve this goal by reducing the environmental footprint
of activities through the prediction of system failures, the possibility to improve decision’s
accuracy, the support in understanding complex phenomena (impact of individual behaviours
on ecosystem, energy use, manufacturing, etc.) or the enhancement of systems efficiency.
Green Al approach aims to develop novel ML methods that minimise the carbon footprint and
power consumption, while maintaining performance. Green Al is expected to make it easier
for the carbon footprint to plateau and start to decline around 2030 (Patterson, et al., 2022).
In the Green Al perspective, 3 main avenues of research are tackled within the ENFIELD
project.

The first one relates to the Monitoring of Green Al metrics, such as carbon emissions (in Kg).
Despite the development of tools like ML CO2 impact and CodeCarbon.io, adoption is slow due
to unclear links between emissions and mitigation actions. A first challenge in this area is the
access to accurate data on energy sources and their carbon emissions using real-time sensors
or digital twin simulations. Carbon emissions can thus be evaluated with respect to several ML
metrics (data sampling efficiency, number of learned parameters, memory usage, number of
floating-point operations, etc.) within different Al system architectures (edge-cloud
continuum) as well as hybrid Al system settings. The lack of consensus on how to measure
energy consumption makes stands as a second challenge, which is to simultaneously develop
energy measurement standards that ensure consistent comparability within energy sources.
Both challenges described above — accurate dynamic data and standardized measurement
methodologies — are necessary to provide actionable recommendations with their direct
impacts on CO2 emissions and performance. In this area of research, 3 main avenues are going
to be addressed.

The first focuses on Expanding and promoting the use of Green Al metrics. It aims to propose
standardization and advocacy of Green Al metrics, and to pilot these metrics to include aspects
beyond just measuring the energy efficiency of Al performance. A second relates to the
Assessment of Al architectures. It aims to use Green Al metrics to evaluate different Al system
architectures, incorporating real-time monitoring of these metrics wherever possible.
Comparing the carbon footprint of different Al and machine learning methods and evaluating
them in terms of energy consumption in addition to task performance. Finally, energy-efficient
design space exploration will be carried out to generate energy-efficient pipeline
configurations without compromising performance.

ENFIELD: European Lighthouse to Manifest Trustworthy and Green Al 9
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The second area of research deals with Green Al on the edge. The trend of moving Al from the
cloud to the edge is driving the development of specialized devices (Al chips, etc.) and new
applications (computer vision, 5G/6G communication, etc.). The ENFIELD project focuses on
achieving Green Al on the edge by minimising power consumption, optimizing loT protocols,
reducing communication and data storage energy usage, and using green energy sources like
solar power (Fraga-Lamas, et al., 2021). Current research includes reducing power
consumption for Al model inference and training through neural network simplification and
quantization. This project aims to enhance these methods in industrial applications, develop
new regularization schemes, and improve data sample efficiency. It also explores architectures
for energy-efficient continual learning, mitigating catastrophic forgetting, and using symbolic
constraints to optimise performance. Additionally, intermittent computing, timing training
with the availability of green energy sources will be investigated. In this area of research,
ENFIELD will explore 4 specific issues.

The first one relates to Continual Learning. This research aims to create Al systems that can
continuously learn and adapt to new data with minimal retraining. Such systems would save
resources and enable more dynamic, real-time applications. The second one deals with
Dataset Distillation. This involves refining large datasets to retain only the most relevant
information, reducing the size of data needed for training Al models without sacrificing
performance. This is particularly important for edge computing, where resources are limited.
Success in this area could lead to powerful Al models that are efficient enough to run on
resource-constrained devices, contributing to sustainable Al practices. The third one focuses
on Energy-Efficient Al Models. The goal is to develop Al models that consume less energy,
using techniques like quantization, pruning, and distillation. These models would be more
suitable for use on edge devices, lowering energy consumption and making Al more
sustainable. The fourth one addresses Information-Theoretic Methods for Green Al. This
research explores the use of information theory to make Al more environmentally friendly.
Techniques such as information-theoretic regularization, monitoring during training, and post-
training pruning could reduce the environmental impact of Al while also improving its
reliability and trustworthiness.

The third domain of research developed in ENFIELD project is the Green Al on the edge-to-
cloud continuum. The edge-to-cloud continuum involves resource-constrained edge devices
communicating with powerful cloud resources. Green Al for this continuum aims to reduce
carbon consumption in Al applications that use both edge and cloud for training. Current
research includes federated learning for secure knowledge aggregation (Qiang, et al., 2019),
MLOps for efficient model deployment and maintenance (Tamburri, 2020), and Al-driven task
offloading to diverse edge devices (Sun, et al., 2019). In this project, we focus on optimizing
learning, aggregation, and inference across the edge-cloud continuum to reduce energy usage
and emissions. For example, cloud training will be scheduled based on the availability of green
energy sources. The project also explores combining symbolic and data-driven models (Hybrid
Al) and addresses continual learning challenges, optimizing training, inference, and knowledge
aggregation in a heterogeneous environment. Three types of research will be carried out
within ENFIELD on this topic.

The first one focuses on Hybrid Al Models. The research emphasizes Physics-Informed Neural
Networks (PINNs), which are used to efficiently solve differential equations, reducing the need
for computationally expensive traditional simulations. However, challenges in training these
models limit their practical application. The goal is to improve the robustness of PINN training

ENFIELD: European Lighthouse to Manifest Trustworthy and Green Al 10
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methods and develop strategies for solving various differential equation parameterizations
with a single trained model. The second sub-topic deals with Al and Sustainability Tertiary
Study. These studies involve a comprehensive examination of the relationship between Al and
sustainability, including life cycle assessments (LCAs) to evaluate the environmental impacts of
Al systems across their entire lifecycle—from production to end-of-life. This study aims to
provide a holistic view of Al’'s environmental footprint. The last one studies the Environmental
Implications of Al in the Computing Continuum. The research investigates the energy
consumption impacts of Al when deployed across the edge-cloud continuum. It aims to
develop energy-efficient protocols and orchestration strategies to minimize the environmental
footprint of Al in these distributed computing environments.

These interrelated research activities aim to develop energy-efficient methods and algorithms
that mitigate energy use and emissions in edge-to-cloud platforms. ENFIELD seeks to spread
sustainable Al practices across these platforms, featuring intelligent task management systems
and advanced hybrid Al models for improved problem solving and reduced environmental
impact. Greener architectural choice would be proposed relying on lifecycle assessments for
Edge-to-Cloud systems. Continual learning in Al systems may help to enhance performance for
Al models deployed in changing environments while minimising the carbon footprint.

2.2 Adaptive Al Pillar

As mentioned in the EU Al strategy?, one of the biggest barriers to realising the full power of
Al is that most Al systems struggle to adapt to dynamic environments. Adaptive Al systems are
therefore critical to providing an optimised response to rapidly changing external
environments or evolving business objectives. The most advanced Al systems in use today are
susceptible to excessive data requirements, adversarial attacks (Szegedy, et al., 2014;
Goodfellow, et al.,, 2014), lack of robustness to perturbations and spurious
correlations(Geirhos, et al., 2020). Developing versatile and robust to external environment
changes Al systems is thus critical to leverage Al system benefits and their successful
dissemination (Patterson, et al.,, 2022). Continual learning raises many challenges as it
necessitates both hybrid-Al algorithm (learn on the fly), as well as streamlined Al infrastructure
and engineering that enables learning on device (Wu & Huang, 2019). These systems should
also satisfy other criteria such as dependability, efficiency, trustworthiness and environmental
friendliness (Badar, et al., 2022). Achieving these goals implies adopting a multidisciplinary and
multisectoral approach to fill the gap between human-brain mechanisms, that excel in
continuous learning, and Al systems. In this respect, different scientific disciplines such as
neuroscience, computer science, mathematics, and psychology will be mobilised to identify
key learning aspects that can be incorporated into algorithmic constructs to build adaptive Al
systems (continual learning, learning under noisy label, etc.). The ENFIELD project will
therefore focus on developing the next generation of Al algorithms that are more robust to
distribution shifts and adversarial attacks, and that can continuously adapt to the environment.
Three main avenues of research have been identified in the ENFIELD proposal.

The first one refers to the Monitoring of adaptive-Al metrics. Adaptive Al combines methods
like agent-based design and techniques like continual learning to create systems capable of
adapting in real-time to changing environments (Bhat, et al.,, 2022; Bhat, et al., 2022b).

1 See https://digital-strategy.ec.europa.eu/en/policies/european-approach-artificial-intelligence.
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ENFIELD project aims Expand and promote the use of various metrics to develop continuous
evaluation of Hybrid-Al systems, as traditional metrics like accuracy are insufficient for ever-
changing data distributions and new training paradigms (Bhat, et al., 2021). Key metrics
include assessing catastrophic forgetting, evaluating system performance across past and
future experiences, and robustness to out-of-distribution datasets and adversarial attacks. For
safety-critical applications, dependability can be measured through confidence calibration
(Gowda, et al., 2021). ENFIELD seeks to standardize these metrics to address challenges in
dynamic environments and facilitate Hybrid-Al system deployment. Additionally, ENFIELD will
foster a multidisciplinary community, encouraging academia-industry collaboration for the
widespread adoption of Adaptive Al. These research questions will be addressed particularly
in the context of Deep Neural Network (DNN) models. Another domain of research is to
Quantify distribution shift in data. It seeks to provide metrics that quantify the degree of a
distribution-shift of input data. A particular interest must be put here on explanations to
enhance the interpretability of the model.

The second one is related to Adaptive-Al on the edge. Edge devices in real-world scenarios
encounter dynamic environments and non-stationary data, necessitating adaptive learning
capabilities. Challenges for adaptive learning on these devices include constraints in memory,
energy, connectivity, and hardware access. Al systems must be self-maintaining to avoid
disrupting existing pipelines during updates, ensuring dependability. Understanding the
brain's mechanisms for versatility and dependability can inform the development of
sustainable adaptive Al (Diethe, et al., 2018). More precisely, ENFIELD research activities
address 3 specific topics. The implementing of Efficient Continual Learning is critical to ensure
versatility and robustness of Al models. This can be done by developing state-of-the-art
sparsification techniques (activation, representation, gradient sparsity, etc.) that integrate the
limited resources of the devices. Hardware-aware Al Model Compression is a second area of
research. It consists in developing frameworks that optimally compresses and accelerates the
Al model on different hardware types depending on its computing power, energy consumption
and memory capacities. A last research area in this domain is the development of Adaptive
Deep Reinforcement Learning. Control policies developed through Deep Reinforcement
Learning tend to be tailored to the specific environment in which they were trained,
particularly in non-stationary settings (e.g., a robot might learn to walk on one type of virtual
terrain but struggle on a different one). Developing efficient methods for adapting these
trained policies to new environments could enable their application in a broader range of
contexts.

The third one addresses Incremental learning robustness and trustworthiness. Continuously
learning from data requires including specific constraints to prevent undesirable behaviours
such as catastrophic forgetting. Normative frameworks can set explicit boundaries for
adaptive Al, enhancing trustworthiness and allowing human oversight. ENFIELD will explore
various approaches to improve representation and discrimination, such as contrastive learning
and regulation-based methods (Ferdinand, et al., 2022; Fini, et al., 2022). The project will also
develop Metrics to assess forgetting, considering factors like complexity, memory usage,
accuracy, and timeliness (Belouadah, et al., 2021). These measures aim to create more reliable
and steerable Al systems that can adapt while maintaining performance. This research area
includes the design and development of systems capable of maintaining an optimal balance
between stability and plasticity. These systems would also include desirable characteristics
(generalization, robustness, and explainability) of Al systems.
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A fourth research area emerged following first studies and discussion with Brain Inspired
Adaptive Al. This research area aims to identify the key elements of the brain's learning
mechanism that enable it to adapt successfully to frequently changing environments. Human
brain has strong ability to process and integrate information from various sensory modalities
(like sight, sound, etc.). The goal is to replicate this process in models by combining information
from different modalities. This approach allows models to develop a more comprehensive and
accurate understanding of their environment, as they receive multiple perspectives on objects,
leading to more robust representations. Our goal will be thus to incorporate them into Al
algorithms to bridge the gap between the brain's adaptive capabilities and existing Al. A first
step in this research domain consists thus in Identifying the critical components of the
learning machinery and design of the brain that enables efficient learning in varying
environments. Both architecture and learning dynamics of these mechanisms have to be
designed into DNN models. A difficulty here is to Leverage Multiple Modalities. Learning from
multiple modalities is a highly valuable feature of the brain that is critical for lifelong learning
capabilities. ENFIELD aims to allow the integration in models of information from different
modalities. This is critical to develop a more comprehensive approach of the environment and
objects for more accurate and robust representations. A last area of research developed within
ENFIELD refers to Learning Mechanism and Knowledge Representations. Adaptive Al involves
enabling different learning objectives, mechanisms and representations of models. Multi-
memory systems with multi-level consolidated information must be also considered, as well
as exploring different approaches to incorporate sparsity in learning (sparse representations,
connections, gradients, etc.).

Together, these interrelated research areas aim to improve the adaptability, efficiency and
reliability of Al systems in dynamic real-world environments to push the boundaries of
Adaptive Al and foster its widespread adoption in varied applications. This pillar has different
main goals. First, it aims to foster the creation of a strong multidisciplinary research community
on adaptive Al, including neuro-inspired models. A second target is to develop effective and
efficient continuous learning methods that will drive the widespread adoption of next-
generation adaptive Al systems. This diverse work will contribute to open-source libraries and
tools that enable adaptive Al, and to the research community through publications in scientific
journals and at conferences.

2.3 Human-centric Al Pillar

Al systems offer decisions and guidance in many and increasing contexts nowadays. It is thus
imperative to adopt an approach underpinned by a human-centered perspective. As noticed
by the EU Al Strategy?, integrating Al-based decision systems into daily organizational practices
raises challenges, including overcoming "black-box" systems (transparency), assigning
accountability, and implementing human oversight. The "right to explanation" legislation
requires that decisions with legal effects on individuals must be explainable, but this is difficult
with opaque Al systems (Selbst & Powles, 2017). Solutions include post hoc analysis, using
model-agnostic methods like Shapley values and counterfactuals, or model-specific
techniques like Layer-wise Relevance Propagation (Aas, et al., 2021; Wachter, et al., 2018;
Biggio & Roli, 2018; Gargi, et al., 2021). Explanations can be global (general system behaviour)

2 See https://digital-strategy.ec.europa.eu/en/policies/european-approach-artificial-intelligence.
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or local (specific decisions), but understanding Al's sequential decision-making remains
challenging, especially in deep reinforcement learning. Trust in Al varies; humans often
struggle to judge trustworthiness and may either over-rely on or mistrust Al systems. This
complexity has led to a new science of human-Al shared decision-making, exploring factors
influencing trust and designing better interfaces. Despite some progress, comprehensive
frameworks for human-Al collaboration are still lacking.

ENFIELD aims to enhance the explainability of Al systems by developing techniques that
provide clear descriptions of internal processes during training and decision-making. The
project focuses on delivering context-aware explanations tailored to various stakeholders, such
as system designers, users, and decision-makers. ENFIELD seeks to balance model
compactness with explanatory capabilities and proposes new metrics to evaluate
interpretability and explanation quality. Field testing will be conducted to capture user
experiences, considering both technical and human factors like transparency and trust. The
project will integrate data-driven models with domain knowledge, creating more trustworthy
systems. Additionally, ENFIELD will develop methods for explaining learning processes and
creating functional and visual explanations anchored in symbolic representations. The project
adopts a multilevel approach to ensure consistency and interpretability across models. It also
explores interdisciplinary approaches combining explainable Al with behavioural sciences and
human-computer interaction to enhance user experience and trust. Empirical studies will
identify factors influencing trust in Al, and design research will develop new interaction forms
for effective human-Al collaboration. More precisely, 4 research areas related to human-
centric Al will be explored within ENFIELD project.

A first research domain deals with Novel explainable Al methods for decision-making. This
research focuses on developing new Explainable Al (XAl) methods for complex decision-
making scenarios, particularly in areas like sequential decision-making, multi-modal data, and
spatio-temporal models (e.g., human action recognition (Raj, et al., 2024) and human-Al
interaction (Wang, et al., 2021)). The aim is to address current challenges, such as the "black
box" nature of Al models, the trade-off between accuracy and interpretability, and the lack of
standard evaluation metrics (Linardatos, et al., 2020). The scientific goal is to create XAl
methods that enhance Al model transparency and interpretability, contributing to the broader
goal of human-centric Al. This research tackles underexplored application contexts where
decision-making tasks and data types are more complex than typical classification or
prediction problems. Specific challenges include developing machine learning techniques that
offer explanations tied to the model's structure or environmental dynamics and creating
methodologies to objectively and subjectively evaluate explanation quality. ENFIELD is
expected to produce novel XAl methods for sequential decision-making, methodologies for
extracting key insights from visual data, and interpretable spatio-temporal models. These
innovations have potential applications in healthcare, autonomous robot navigation, and
human-Al collaboration, with a particular interest in healthcare and manufacturing.

In this respect, ENFIELD project has 3 priority topics. The first one is to develop Novel XAl for
Sequential Decision-Making Models. This research topic tackles the limitations of current
model-agnostic post-hoc explanation methods, which focus solely on input/output
associations and overlook valuable information from the model's internal structures or
environmental context. The aim is to develop explainable Al models for sequential decision-
making that integrate this additional information. The main challenge lies in the lack of
machine learning techniques capable of providing explanations that utilize the inherent
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structures of the model or the dynamic nature of the decision-making domain. The second
one seeks to Extract Explanation Symbols from Visual Data. Al systems will encounter varied
human interactions and environmental contexts (e.g., different pedestrian behaviours in
different cities). When a model is updated to better fit a changing environment, users need to
understand what has changed. However, there is currently no method to detect and extract
domain-specific, human-understandable knowledge. The goal is to develop methodologies for
identifying and extracting symbolic knowledge that reflects changes in the visual environment.
The challenge lies in creating domain-specific (e.g., indoor activity recognition) and task-
specific (e.g., semantic segmentation) methods to identify and describe changes in the visual
environment using a clear and understandable vocabulary. The last priority research topic is
related to Explainability and Interpretability of Spatio-Temporal Models. Spatio-temporal
graph neural networks and visual transformers are effective for modeling complex spatio-
temporal dependencies in multi-modal data. However, their ability to explain and interpret
decisions is limited. The goal is to create strong, high-level explanations for these models in
decision-making contexts, capturing information flow and environmental changes within
applications. Additionally, the research aims to identify objective metrics to evaluate the
explainability of these spatio-temporal models.

A second research area is dedicated to Methodologies for evaluating human-Al shared
decision-making. This research area aims to develop systematic methodologies for evaluating
human-Al shared decision-making, aligning with broader human-centric Al objectives. While
creating technical solutions like new XAl methods is crucial, understanding whether these
solutions truly benefit human users requires empirical studies involving real users, which pose
significant challenges. The research leverages cognitive and behavioural sciences to address
key challenges, such as the lack of systematic methods for evaluating user trust in Al during
decision-making tasks, the need for monitoring cognitive and emotional load in adaptive
decision support systems, and the difficulties in working with small, incomplete tabular
datasets in fields like healthcare. Challenges include the variability in current experimental
methods, which hampers the comparability of study results, and the need for better classifiers
to monitor cognitive and emotional load from multi-modal data. Additionally, there's a need
for robust approaches in monitoring studies, particularly with small datasets, to support
incremental learning. ENFIELD aims at providing a framework for systematic user reliance
studies, experimental design guidelines, formats for tabular data, neural models for
incremental learning, and machine learning models for cognitive and emotional load
monitoring. These innovations have significant potential in healthcare, particularly for
evaluating clinical decision-support systems, with broader applications in healthcare,
manufacturing, and other domains. More specifically, 3 priority areas of research will be
explored.

The first one aims at providing a Systematic Methodology for User Reliance Studies. As Al
models play a growing role in human decision-making across various fields, the success of
these applications depends on users' ability to appropriately trust Al decisions—a concept
known as trust calibration (Zhang, et al., 2021). Although many studies have explored user
reliance on Al, the experimental methods used are often inconsistent and lack a systematic
framework (Lai, et al., 2023). The research objective is to provide insights into how different
design choices and task characteristics affect trust calibration, ultimately promoting a more
systematic understanding of trust in Al-supported decision-making. The second one is
dedicated to Cognitive and Emotional Load Monitoring. The challenge of monitoring cognitive
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and emotional load requires developing advanced classifiers that can detect and assess
specific overloads using multi-modal data. The goal is to create cutting-edge machine learning
models that classify cognitive and emotional states by analyzing data from sources like heart
rate, eye tracking, EEG, and thermal cameras. This effort includes establishing a data collection
protocol and conducting a comprehensive evaluation of the models' effectiveness. The last
one refers to Incremental Learning Robustness with Tabular Data. In medical monitoring
studies, data is often presented in tabular format, with datasets typically being small and
having only partial overlap in predictor variables. This creates challenges, especially when
common target variables are needed in interventional or observational studies. The goal is to
develop a representational format for tabular data suitable for deep learning models and to
create neural models that support incremental learning. These efforts aim to enhance model
robustness, supported by thorough evaluation.

A third research area deals with Interpretable data-driven decision support systems. it aims
to advance interpretable data-driven decision support systems by integrating knowledge from
previous research on explainable Al (XAl) methods and decision-making evaluations. While the
current focus is on the medical domain, the research seeks to develop decision support
systems for other application areas as well. The key challenges involve integrating domain
knowledge into the machine learning pipeline and human-Al decision-making processes.
Specifically, 3 priority topics will be studied. Representation of Decision-Making Programs
aims at finding optimal structures for symbolic models that incorporate expert knowledge.
Interactive Machine Learning topic seeks to capture interactions between models,
explanations, and domain experts, and updating models based on expert feedback. Finally,
Human-Al Collaboration area of research aims at ensuring trustworthy collaboration between
human decision-makers and Al tools, particularly in high-stakes contexts like healthcare.

The last research area in this pillar studies the Societal impacts of Al-aided decision-making.
Al-aided decision-making must preserve essential values such as fairness, autonomy, and
ethical responsibility. The primary challenges include understanding and mitigating biases in
Al, ensuring user trust, and maintaining user agency, especially in creative processes involving
generative Al. The research also addresses the specific needs of vulnerable groups, such as
children and the elderly, in the context of Al applications. In this respect, 3 types of research
are addressed within ENFIELD. User Perception and Expectation are critical elements in this
perspective. This topic explores how users perceive and trust Al technologies in various
decision-making scenarios. The goal is to identify factors influencing trust and confidence,
which are crucial for the acceptance of Al systems. A second issue relates to Semi-automatic
Detection of Biases in Datasets. Given the risks posed by data biases, particularly for
marginalized groups, this research aims to develop methods for detecting biases in large
datasets, especially in image data, and creating visualization tools for efficient expert review.
Another major issue is associated to Agency in Creative Processes with Generative Al. This
topic investigates how generative Al impacts human creativity, focusing on how Al influences
users' sense of autonomy and ownership during collaborative creative tasks. A last topic deals
with Voice ChildAl. This research aims to develop personalized and secure educational voice
assistants for children, balancing personalization with safety and privacy considerations.

This research pillar focuses on advancing Al-based decision-making systems by developing new
techniques for creating and evaluating these systems. ENFIELD expects to produce innovative
decision support systems, explainability methodologies, data-driven frameworks, and
evaluation approaches for human-Al interaction. Anticipated outcomes include assessments
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of task performance, trust, user experience, societal impact reports, ethical Al guidelines, and
XAl techniques tailored to specific applications such as healthcare, manufacturing and
education. For this latter, a specific emphasis will be put on children.

2.4  Trustworthy Al Pillar

Al systems must be resilient to system limitations and malicious actions to ensure security and
prevent harmful behavior (Hamon, et al., 2020). Robustness and safety in Al involve three key
areas: developing formal approaches for robust Al tools, assessing robustness, and using data
augmentation and adversarial data (Maho, et al., 2021). While Al applications can benefit
citizens, they also pose privacy risks by potentially exposing sensitive data. ENFIELD focuses on
addressing these privacy challenges, developing privacy-preserving Al variants, and ensuring
meaningful analytics without compromising data privacy. Most current solutions focus on
neural networks and the prediction phase, but many are impractical or insufficiently robust for
real-life use cases (Azraoui, et al., 2020). Cybersecurity research in Al often addresses potential
attacks, following frameworks like NIST's, which include identifying, protecting, detecting,
responding to, and recovering from threats (NIST, 2018). ENISA highlights new attack methods
and privacy issues introduced by Al, while ETSI notes the lack of a unified understanding of Al
threats (Malatras & Dede, 2020; ETSI, 2020). There is a need for a comprehensive risk
management framework for Al systems, similar to the NIST framework, including guidelines
and mitigation measures for Al-specific security threats. ENFIELD aims to advance the state-
of-the-art in Al by developing trustworthy Al tools through formal approaches for modeling
uncertainty, improving specifications, and enhancing data quality in learning tools. More
specifically, privacy and performance requirements for various Al techniques, including Neural
Networks and federated learning, will be addressed by designing privacy-preserving Al tasks.
Additionally, ENFIELD will create a cybersecurity risk management framework for Al systems,
identifying assets, threats, vulnerabilities, and the impact of attacks. This includes developing
an Al security toolbox with concrete mitigation measures and methods for testing Al system
security. Moreover, new methods for designing and training trustworthy Al tools tailored to
specific needs will be proposed. To develop privacy-preserving Al solutions, some advanced
research on privacy-enhancing technologies will be carry on. Regarding data breaches,
ENFIELD will define standardized test procedures for assessing responses to such incidents.
More generally, the project’'s members will develop studies to gain a comprehensive
understanding of the Al cybersecurity landscape. This will help in developing effective risk
mitigation tools and methods, which will be validated across various use cases of the project.
These studies can be distinguished within 3 main avenues of research.

A first research topic deals with the Security of Al systems. Al is widely adopted to enhance
productivity, accuracy, and predictive capabilities in systems, but it also introduces significant
security challenges, particularly related to adversarial machine learning. This research covers
several critical topics related to Al integration, focusing on security, trust, and ethical
considerations. A first one relates to Adversarial Machine Learning in Cyber-Physical Systems
(CPSs). It consists in investigating the threats posed by adversarial attacks on Al models in CPSs,
which are crucial for critical infrastructure. The goal is to analyze these attacks, understand
their risks, and develop strategies to improve the resilience and trustworthiness of Al in CPSs,
including creating a taxonomy for better communication and analysis. Another research sub-
topic is associated with the Detection of Al-Generated Content. The proliferation of large
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language models (LLMs) has led to concerns about Al-generated content being used
maliciously, such as in fake news or plagiarism. This research focuses on developing reliable
detection methods for Al-generated text, addressing challenges like watermarking, spoofing
attacks, and transparency, to ensure the responsible use of LLMs. User Perceptions and Trust
in Al is another relevant area of study. This topic explores how users perceive and trust Al
technologies. It aims to identify factors that influence trust, create models to characterize user
expectations, and develop 'trust templates' to guide Al developers and service providers in
designing Al systems that meet user trust and security expectations. A last topic of interest is
the Awareness of Representation in Distributed Ecosystems. Particularly relevant to
healthcare, this research addresses the challenge of identifying and tracking the source of
requests in large distributed systems to ensure accountability. The goal is to maintain constant
awareness of user and bot identities, enhance security, and ensure that Al systems operate
within legal and ethical frameworks while prioritizing efficiency and patient needs.

A second domain of interest is Privacy and Compliance of Al systems. This research focuses
on the intersection of Al, data privacy, and security, addressing critical challenges and
developing advanced techniques to safeguard sensitive information. These issues will be
addressed within different sub-topics. The first one relates to Al and Data Privacy. Al is widely
used for data analysis and operational optimization, often processing sensitive personal
information. This raises significant privacy and security concerns, as adversaries can exploit Al
models, leading to data breaches. The research aims to advance privacy-preserving Al
techniques, such as data anonymization and cryptographic methods, to protect personal
information. Emphasis is placed on developing privacy-by-design approaches for Al training
and inference, ensuring compliance with regulations like GDPR. The second one deals with the
Validation of Al Inference Processes. With the rise of large Al models and the outsourcing of
processing tasks, ensuring the integrity of Al-generated results has become challenging. The
research focuses on developing a cryptographic scheme based on Zero-Knowledge Proofs
(ZKP) to validate that Al model outputs are correctly generated without compromising model
privacy or incurring high computational costs. This will help ensure the trustworthiness of Al
systems, particularly in model-as-a-service frameworks. The last one refers to Secure Voice
Biometrics with Fake Voice Detection. Voice biometrics are increasingly used in security
applications, but advancements in voice synthesis technology pose threats to their reliability.
The research seeks to develop Al models capable of distinguishing between real and synthetic
voices, enhancing the security of voice biometrics. This involves integrating deep learning with
voice recognition technologies and creating mechanisms to securely store and transmit
sensitive voice data, thereby protecting against emerging threats in voice authentication
systems.

The research area of this domain addressed within ENFIELD relates to Al in Distributed
systems. Al is increasingly deployed across distributed systems, particularly in loT/edge
computing and federated learning contexts. It enhances system characteristics, such as
security and user experience, and introduces new functionalities like Al-driven support
services. As Al components become more networked and intercommunicate, managing the
resulting complexity requires Al-driven methods for system composition, development, and
assessment Addressing the growing complexity and challenges associated with this trend
involves tackling different issues. Firstly, ENFIELD focuses on Trust Modelling in Distributed Al
Architectures. As Al systems are distributed across networks, ensuring trust within these
architectures is a significant challenge. Traditional modelling languages are inadequate for
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capturing trust in these complex systems. This research aims to develop a trust modelling
methodology that balances architectural detail with comprehensibility for non-technical
stakeholders and supports automated analysis. Goals include creating a taxonomy of trust,
defining a visual modelling language, and developing infrastructure for model management.
Secondly, Al-Supported Software Engineering will be analyzed. The software production
lifecycle is increasingly supported by Al-driven methods and tools, but their current use is ad-
hoc and lacks systematic integration with established industry methodologies like Scrum or
User-Centered Design (UCD). This research seeks to systematize the use of Al in software
engineering, create a collaborative knowledge repository, and adapt agile methodologies to
ensure the trustworthy use of Al in software production. Lastly, ENFIELD also studies Federated
Learning in loT Systems. Federated Learning (FL) offers a decentralized approach to Al that
enhances privacy and intelligence in loT systems. However, integrating FL into loT systems
presents challenges such as communication overhead, hardware heterogeneity, and energy
constraints. This research aims to develop a methodology for deploying FL in loT systems by
addressing these challenges and illustrating its application in real-world scenarios, thereby
filling gaps in current loT FL research.

In the field of Al system security, numerous research topics are being explored to improve the
trustworthiness and resilience of Al models. Key areas of focus include developing robust
security frameworks for Al systems, detecting and countering adversarial threats, and ensuring
integrity and verifiability during both the training and inference stages. Additionally, efforts are
being made to create cryptographic proofs to validate processing and strengthen models
against adversarial attacks, which are crucial in addressing these challenges.

3 ENFIELD within Al Research Landscape

Achieving Al tools and applications potential involves addressing many challenges. Former and
ongoing significant European or worldwide Al projects propose these challenges. In this
section, we provide brief presentations of relevant projects in Al domain and posit ENFIELD
advances with respect to their results. ENFIELD stands as a unique leader within the global
ecosystem of Al Centres of Excellence, driving research excellence in four key areas: Green,
Adaptive, Human-Centric, and Trustworthy Al. Advancing innovation in these pillars is crucial
for the effective development, deployment, and societal acceptance of Al across Europe. These
efforts are further applied to four strategic sectors: Healthcare, Energy, Manufacturing, and
Space, with ENFIELD breaking new ground in areas like Adaptive and Green Al and expanding
into Manufacturing and Space, which have seen limited focus at the EU level. ENFIELD not only
strengthens Europe’s Al competitiveness and strategic autonomy but also aims to deliver
significant socioeconomic benefits to its citizens and businesses. By aligning cutting-edge
research with industry needs, it attracts top talent, advanced technologies, and valuable
resources from leading European research and industrial partners.

3.1 EU large Al projects and network of excellence

The critical importance of Al for European society has led the EU to fund several projects in
this field, including ENFIELD. In the following sub-sections, a selection of these projects is
presented along with their possible contributions to ENFIELD. While some of these research
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projects have already been completed, others are still ongoing. We opt here for a chronological
presentation of these projects based on their ending dates.

3.1.1 AI4EU

AI4EU3 aims to build an efficient, comprehensive European Al-on-demand platform that
lowers barriers to innovation, accelerates technology transfer, and drives the growth of start-
ups and SMEs across all sectors through open calls and other initiatives. Artificial Intelligence
is indeed one of the most disruptive technologies of our time, with potential impacts
comparable to those of electricity or the printing press. Currently, innovation resources are
largely controlled by major tech companies in North America and China. To secure European
independence and leadership, we need to strategically invest by consolidating, connecting,
and opening up our Al resources.

The platform will serve as a hub, providing and showcasing a wide range of services, including
expertise, algorithms, software frameworks, development tools, components, modules, data,
computing resources, and funding opportunities. It will also offer training programs to help
various user communities—such as engineers and civic leaders—acquire skills and
certifications. Built on existing Al and data frameworks (e.g., the Acumos open-source
framework or Qwant search engine), the AI4EU platform will be a global reference point,
interoperable with existing systems.

Bringing together 80 partners from 21 countries, including researchers and innovators, AI4EU
will mobilize the entire European Al ecosystem. The platform’s value as an innovation tool will
be demonstrated through eight industry-driven Al pilot projects. Additionally, research in five
interconnected Al scientific fields will be conducted using platform technologies, with results
implemented to enhance the platform further. These pilots and research efforts will highlight
Al4EU's ability to drive scientific discovery and technological progress.

To ensure adherence to human-centered Al values and European regulations, the AI4EU Ethical
Observatory will be established. Long-term sustainability will be achieved through the creation
of the AI4EU Foundation, and the outcomes will contribute to a new and comprehensive
Strategic Research Innovation Agenda for Europe.

3.1.1.1 AI4EU consortium fact sheet?

Start — End: January 2019-December 2021
Total cost: €20667 674,28
Topic: ICT-26
Consortium size: Total: 91 including 7 third parties (underlined) and 5 ended
participations (crossed)
- Academic: 54
- Industry: 37 (in bold)
Coordinator: Thales IX GTS France SAS (France)

3 AIAEU website is available here: https://www.ai4europe.eu/about-aideu

4 See Project presentation on EU website for more details: https://cordis.europa.eu/project/id/825619

ENFIELD: European Lighthouse to Manifest Trustworthy and Green Al 20


https://www.ai4europe.eu/about-ai4eu
https://cordis.europa.eu/project/id/825619

ENFIELD

D4.2

Interactions with EU Al
project:

Al4Europe

Participants countries

Total number of countries: 22

- UE: 20
- Non-UE: 2
Austria: 2 KNOW-Center GMBH; Technische Univ. Wien
Belgium: 2 EIT Digital; European Organisation for Security; Vrije Univ.
Brussel
Czechia: 1 GoodAl Research SRO
Denmark: 1 Fundingbox Research APS
Finland: 1 Forum Virium Helsinki OY

France: 28 — 2 + 1
(coord.)

Blumorpho; Bureau de Recherche Géologiques et Minieres;
Commissariat a I'Energie Atomique et aux Energies Alternatives;
Centre National de la Recherche Scientifique; France Digitale;
Hub France IA; Institut Mines-Télécom; IMT Transfert; Institut
National de la Recherche en Informatique et en Automatique;
Univ. de Lorraine; Univ. Cote d’Azur; Institut Polytechnique de
Grenoble; Office National d’Etudes et de Recherches
Aerospatiales; Orange SA; Wavestone—Advisors; Wavestone;
Univ. Panthéon-Sorbonne; Qwant; Smile; Thales Alenia Space
France SAS; Thomson Licensing; Thales; Univ. Grenoble Alpes;
Sorbonne Univ.; Women in Al; NEHS Development; Interdigital
R&D France; Blue-Sight Conseil

Germany: 12

Allianz SE; Deutsches Forschungszemtrum fir Kunstliche
Intelligenz GMBH; Deutsches Zentrum fur Luft und Raumfahrt EV;
Fraunhofer Gesellschaft zur Forderung der Angewandten
Forschung EV; Grassroots Arts and Research UG; International
Data Spaces EV; Karlsruher Institut fuer Technologie; Siemens
Aktiengesellschaft; SAP SE; Technische Univ. Berlin; Technische
Univ. Muenchen; Hochschule fur Teknik und Wirtschaft Berlin

Greece: 5

Aristotelio Panepistimio Thessalonikis; National Center for
Scientific Research Demokritos; Idryma Technologias kai Erevnas;
Ethniko Kentro Erevnas kai Technologikis Anaptyxis; Ethniko kai
Kapodistriako Panepistimio Athinon

Hungary: 2

Budapesti Muszaki es Gazdasagtudomanyi Egyetem; Eotvos
Lorand Tudomanyegyetem

Italy: 7

Cineca Consorzio Interuniversitario; Consiglio Nazionale delle
Ricerche; Fondazione Bruno Kessler; Univ. degli Studi di Roma La
Sapienza; Alma Mater Studiorum — Univ. di Bologna; Univ. degli
Studi di Siena; Univ. Ca’Foscari Venezia

Ireland: 2

Univ. of Galway; Univ. College Cork — National Univ. of Ireland

Latvia: 1

Tilde SIA

Luxembourg: 1-1

Wavestone-LuxembourgSA

Norway: 4

ABB AS; Norges Teknisk-Naturvitenskapelige Univ.; Simula

Research Laboratory AS; Telenor ASA

Poland: 1

Fundingbox Accelerator SP ZOO
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Portugal: 2 IST-ID Associacao do Instituto Superior Tecnico para a
Investigacao e o Desenvolvimento; Univ. de Coimbra

Slovakia: 2 Technicka Univ. v Kosiciach; Twenty Communications SRO

Slovenia: 1 Institut Jozef Stefan

Spain: 7 ATOS Spain SA; Barcelona Centro Nacional de Supercomputacion;

Fundacion Cartif; Agencia Estatal Consejo Superior de
Investigaciones Cientificas; Smartrural SLL; Univ. Politecnica de
Catalunya; Univ. Politecnica de Madrid

Sweden: 2 Orebro Univ.; Umea Univ.

Switzerland: 2 Fondation de I'Institut de Recherche IDIAP; PG WConsulting SARL

United-Kingdom: 3 -1 Univ. of Leeds; Loupe-16-Limited; Unilever UK Central Resources
Limited

The consortium of AI@EU is very large compared to all other projects examined in this
document. The project benefits also of a larger budget and is characterised by a large
proportion of French partners. AI@EU’s focus on human-centered and ethical Al could be of
interest for the human-centered Al pillar of ENFIELD. Solution inter-operability developed in
Al@EU could be valuable for ENFIELD depending on the use case contexts.

3.1.1.2 Al4EU main outputs

Over three years, the project released multiple versions of its Al On-Demand Platform, evolving
from an agile software development model managed by a core team to a distributed model
involving more partners. The first platform version was delivered in under 12 months, featuring
key community functionalities. A shift in development strategy and stronger connections with
ICT 48 (network of excellence) and ICT 49 (community-driven projects) were made to address
post-project sustainability.

The platform features two main environments: a community environment built on Drupal and
Al4EU-Experiments for creating modular Al applications using the Acumos framework. Key
features include a Single Sign-On system via the EU-Login ECAS, and a search component with
advanced text indexing and retrieval tools.

The platform is interoperable with six other platforms and includes significant achievements
like an Ethics Observatory, value-based Al design methodology, the deployment of eight
industrial pilots, and a mentoring program for 41 solution providers. A Technical Governance
Board has been established to ensure short-term sustainability.

3.1.2 Al@Edge

The AI@EDGE® project envisions a future where Artificial Intelligent Systems are integral to
every aspect of human interaction, driving innovation in areas like automated mobility, e-
health, and entertainment. The project has developed a network and service automation
platform that supports secure, privacy-aware Al/ML models and introduced Artificial
Intelligence Functions (AlFs) to enhance Al-enabled applications. Key breakthroughs include:

5> Project’s website is available here: https://aiatedge.eu/
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- AlI/ML for Closed-Loop Automation: Developed a framework for intelligent network
management, minimizing human intervention.

- Privacy-Preserving Machine Learning: Advanced methods for secure data processing in
multi-stakeholder environments.

- Distributed Connect-Compute Platform: Created a resilient, modular platform for
managing distributed computing resources.

- Al-Enabled Application Provisioning: Innovated methods for the automated lifecycle
management of Al applications.

- Hardware-Accelerated Al/ML:

Improved platform performance using diverse

programmable accelerators.
- Cross-Layer Multi-Connectivity: Enhanced network efficiency by integrating multiple
radio access technologies.

These innovations collectively position AI@EDGE to significantly impact EU industry, driving
the evolution of Al in complex, real-world environments.

3.1.2.1 Al@edge consortium fact sheet®

Start — End: January 2021-December 2023
Total cost: €8 001 247,50
Topic: ICT-52

Consortium size:

Total: 24 including 3 third parties (underlined) and 2 ended
participations (crossed)

- Academic: 12

- Industry: 12 (in bold)

Coordinator:

Fondazione Brune Kessler (Italy)

Interactions with EU Al
project:

Mostly interactions with EU project on 5G and 6G

Participants countries

Total number of countries: 8

- UE:8
- Non-UE: 0
Cyprus: 1 Eight Bells LTD;
France: 3 Conservatoire National des Arts et Métiers; Institut National de
Recherche en Informatique et Automatique; Univ. de Lorraine
Germany: 2 Deutsches Forschungszemtrum fiir Kunstliche Intelligenz GMBH;
Safran Passenger Innovations Germany GMBH
Greece: 1 Erevnitiko Panepistimiako Institouto Systimaton Epikoinonion Kai

Ypologiston

Italy: 8 + 1 (coord.)

Centro Richerche FIAT SCPA; Politecnico di Milano; Athenet-SRL;
BetaTLCSPA; Telecom Italia SPA; Univ. Politecninca delle Marche;
Italtel SPA; Hewlett Packard Italiana SRL

Ireland: 1

Software Radio Systems Limited

6 See Project presentation on EU website for more details: https://cordis.europa.eu/project/id/101015922
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Spain: 5 Atos IT Solutions and Services Iberia SL; Atos Spain SA; Fundacio
Privada I2cat, Internet i Innovacio Digital a Catalunya; Univ.
Politecnica de Catalunya; Aerotools UAV SL

Sweden: 3 Rise Research Institutes of Sweden AB; Ericsson AB; Lunds Univ.

The AI@EDGE project differs from the other projects reviewed here in that it has a small
number of partners, most of them Italian, and focuses on 5G and 6G technologies. The project
is also characterised by an equal proportion of academic and industrial partners. Trustworthy
Al research can be interesting, even if strongly related toward communication networks.

3.1.2.2 Al@Edge main outputs

Artificial Intelligence (Al) has emerged as a key driver of innovation and a cornerstone of the
fourth industrial revolution. Recognizing this, the European Commission has emphasized that
high-performance, intelligent, and secure networks are essential for advancing the
multiservice Next Generation Internet (NGI). Although Al-enabled platforms have seen
significant improvements in accuracy and performance, integrating them into autonomous
decision-making and critical systems demands comprehensive end-to-end quality assurance.
AI@EDGE tackles these challenges by promoting "reusable, secure, and trustworthy Al for
network automation." The project aims to achieve major advances in two areas: (i) general-
purpose frameworks for closed-loop network automation that support flexible and
programmable pipelines for creating, utilizing, and adapting secure, reusable, and trustworthy
Al/ML models, and (ii) a converged connect-compute platform that enables the creation and
management of resilient, elastic, and secure end-to-end slices for diverse Al-driven network
applications. AI@EDGE focuses on use cases such as cooperative perception for vehicular
networks, secure multi-stakeholder Al for Industrial Internet of Things, aerial infrastructure
inspections, and in-flight entertainment to maximize its commercial, societal, and
environmental impact.

3.1.3 AIAMEDIA

AldMedia’ is an initiative aimed at addressing the challenges, risks, and opportunities brought
by the widespread use of Al in media, society, and politics. Its goal is to establish a European
Centre of Excellence in Al and build a broad network of researchers focused on advancing Al
for the media sector. The project emphasizes ethical and trustworthy Al guided by European
values, aiming to make Al a beneficial tool for society and media.

The AldMedia consortium includes 30 key partners (universities, research centers, and
industry) and 35 associate members, working to unite Europe's fragmented Al landscape. The
project aims to foster collaboration between academia and industry, create a research agenda
for media-focused Al, and promote innovation. It will also provide funding through open calls
to accelerate innovation and run a PhD program to strengthen industry ties and prevent talent
loss. Additionally, use cases will demonstrate Al's impact in media.

Ultimately, Al4Media seeks to create a sustainable Al ecosystem that supports long-term
excellence in Al in Europe, ensuring that ethical Al guided by European values plays a leading

7 EUAMEDIA website is available here: https://aidmedia.eu/
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global role in the media sector. AIAMEDIA delivers the next generation of core Al advances to
serve the media sector. Research is structured along four main research areas with i) New
Learning Paradigms and Distributed Al, ii) Trustworthy Al, iii) Content-centered Al, and iv)
Human-centered and Society-centered Al.

3.1.3.1 AI4MEDIA consortium fact sheet®

Start —End: September 2020-August 2024
Total cost: €11999 722,50
Topic: ICT-48

Consortium size:

Total: 34 including 2 third parties (underlined) and 2 ended
participation (crossed)

- Academic: 22

- Industry: 12 (in bold)

Coordinator:

Ethniko Kentro Erevnas kai Technologikis Anaptyxis (Greece)

Interactions with other
EU Al project:

Al4Europe

Participants countries

Total number of countries: 15

- UE:13
- Non-UE: 2
Austria: 1 Joanneum Research Forschungsgesellschaft MBH
Belgium: 2 Katholieke  Univ. Leuven; De Vlaamse Radio en
Televisieomroeporganisatie NV
Bulgaria: 1 Imagga Technologies Limited
Denmark: 1 MODL.AI APS
France:4-1 Commissariat a I'Energie Atomique et aux Energies Alternatives;
Univ. Cote d’Azur; Institut de Recherche et de coordination
Acoustique Musique; laterdigital R&D-France;
Germany: 3 Fraunhofer Gesellschaft zur Forderung der Angewandten

Forschung EV; Deutsche Welle; Grassroots Arts and Research UG

Greece: 2 + 1 (coord.)

Aristotelio Panepistimio Thessalonikis; Athens Technology Center
Anonymi Viomichaniki Emporiki kai Techniki Etaireia Efarmogon
Ypsilis Technologias

Italy: 5 Univ. degli Studi di Trento; Univ. degli Studi di Firenze; Consiglio
Nazionale delle Ricerche; Barcelona Centro Nacional de
Supercomputacion; Rai-Radiotelevisione Italiana SPA

Ireland: 2 IBM Ireland Limited; F6S Network Ireland Limited;

Malta: 2 Univ. ta Malta; MODL.AI Malta Limited

Netherlands: 2

Univ. van Amsterdam; Stichting Nederlands Instituut Voorbeeld
en Geluid;

Portugal: 1

Globalz SA;

Romania: 2-1

Univ—Politehnica—din—Bucuresti; Univ. Nationala de Stiinta si
Tehnologie Politehnica Bucuresti

Switzerland: 2

Haute Ecole Spécialisée de Suisse Occidentale; Fondation de
I'Institut de Recherche IDIAP

8 See Project presentation on EU website for more details: https://cordis.europa.eu/project/id/951911
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‘ United-Kingdom: 2 ‘ Queen Mary Univ. London; F6S Network Limited ‘

AI@MEDIA includes many industrial partners from the media sector and aims to provide
trusted solutions for the use of Al for this sector. The projects outputs regarding trustworthy
Al and its ethical and societal consequences could be valuable for both trustworthy and
human-centric Al pillars of ENFIELD.

3.1.3.2 AIAMEDIA main outputs

Al4Media enhances Europe's leadership in Al by advancing research in areas like new learning
paradigms, Al at the edge, trustworthy Al, and Al for multimedia content analysis and
production. Its Strategic Research Agenda provides guidance for researchers, media
professionals, and policymakers. The project explores Al integration in the media industry
through seven use cases, covering news, video production, content automation, gaming, and
more, while addressing societal issues like disinformation. These innovations create new
business models, enhance media trust, and automate workflows, freeing resources for high-
value tasks like investigative journalism.

AldMedia also combats disinformation with tools that support fact-checking and verification,
protecting democratic institutions. The Al Media Observatory offers European media and
policy organizations expert analysis and Al recommendations. Additionally, Al4Media supports
the Al community by sharing research on the Al-on-Demand platform, hosting workshops, and
funding innovative projects through open calls. The Al Doctoral Academy boosts Europe's Al
research capacity, training ICT and media professionals in ethical Al and fostering young talent
for industry-relevant research and EU employment opportunities.

3.1.4 ELISE

Europe aims to maintain its leadership in Al by investing in world-class research through a
network of independent centres of excellence. These centres will focus on specialized research
areas, strengthening Europe’s Al ecosystem while fostering cross-border collaboration. ELISE®
(European Laboratory for Learning and Intelligent Systems) will play a key role by supporting
innovations, attracting top Al talent, and facilitating partnerships between academia and
industry to promote the adoption of trustworthy Al systems. ELISE will also encourage early-
career researcher mobility across Europe to boost collaboration and ensure Europe remains
competitive in Al development and market growth. As Al evolves, ELISE continuously updates
its Strategic Research Agenda to address emerging opportunities and challenges.

ELISE is structured into five research programs concerning Al Ethics and Societal Impact, Al
Integration across systems, Trustworthiness and Certification, Explainable and Transparent Al,
Security and Privacy to reinforce the European position in explainable and trustworthy Al and
Machine Learning. ELISE develops secure and safe Al along with research programs dedicated
to technical robustness and safety, privacy-preserving techniques and infrastructure, human
agency, and oversight. To establish Europe as a leader in Al research in which impact on the
environment, society and the individual are integral considerations during development, ELISE
addresses six use cases, namely (i) Al for Building Optimisation, (ii) Al for Monitoring the Virtual

% Project’s website is available here: https://www.elise-ai.eu/
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Infrastructure, (iii) Responsible, User-centric Advertising, (iv) Mitigating misinformed migrant
perception in EU, (v) Al for Forecasting of Vegetation State, and (vi) Open Materials Discovery
Project.

3.1.4.1 ELISE consortium factsheet'®

Start — End: September 2020-August 2024
Total cost: €11 984 405,00
Call type: ICT-48
Consortium size: Total: 29 including 7 third parties (underlined) and 1 ended
participation (crossed)
- Academic: 22
- Industry: 7 (in bold)
Coordinator: Aalto Korkeakoulusaatio SR (Finland)
Interactions with EU Al | ELLIS
project:
Participants countries Total number of countries: 11
- UE:9
- Non-UE: 2
Austria: 2 Univ. Linz; Enliteai GMBH
Czechia: 1 Ceske Vysoke Uceni Technicke v Praze
Denmark: 2 Danmarks Tekniske Univ.; Oticon A/S
Finland: 3 + 1 (coord.) Helsingin Yliopisto; Saidot OY; Spinverse OY
Germany: 5 Eberhard Karls Univ. Tuebingen; Max-Planck-Gesellschaft zur

Forderung der Wissenschaften EV; Siemens Aktiengesellschaft;
Zalando SE; Fraunhofer Gesellschaft zur Forderung der
Angewandten Forschung EV

Italy: 8 Consorzio Interuniversitario Nazionale per I'Informatica; Univ. Ca'
Foscari Venezia; Fondazione Instituto ltaliano di Tecnologia;
Politecnico di Torino; Univ. Degli Studi di Milano; Univ. Degli Studi
di_Genova; Univ. Degli Studi di Milano; Univ. Degli Studi di
Modena e Reggio Emilia

Netherlands: 2 Univ. van Amsterdam; Stichting Radboud Univ.
Poland: 1 Fundingbox Accelerator SP Zoo

Spain: 1 Univ. de Valencia

Switzerland: 1 Eidgenoessische Technische Hochschule Zuerich

United-Kingdom: 3 -1 The Chancellor, Masters and Scholars of the Univ. of Oxford; Univ.
College London; knewledge-4-Al-FoundationtBG

ELISE project addresses issues related to Al safety relying on a human-centered approach.
Trustwothy-Al and human-centric pillars could thus be interested by outputs of the project.
ELISE also aims to integrate Al across systems in an adaptive Al perspective. Regarding use
cases, those studied in ELISE are currently different from those analysed in ENFIELD, but these
latter can further change.

10 For more details, see EU project website: https://cordis.europa.eu/project/id/951847
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3.1.4.2 ELISE main outputs

In its first three years, ELISE has already reached some achievements. It has produced valuable
research insights and applications, advancing a new wave of Al innovation. The project
established a world-class infrastructure for advanced education, offering high-potential
researchers worldwide access to education and research opportunities in Europe. ELISE has
promoted innovation and entrepreneurship by translating Al advancements from research to
practical use, collaborating across sectors and industries to help businesses benefit from
cutting-edge technology insights. Facilitated mobility among leading European labs, enhancing
connectivity to foster a stronger European Al community. The project also addressed the need
for implementing Al governance principles by developing tools and techniques that ensure
trustworthiness by design, such as fairness, explainability, and robustness. Finally, ELISE
sparked new funding and initiatives to support the long-term growth of the European Al
ecosystem.

3.1.5 HUMANE-AI-Net

HUMANE-AI'! is dedicated to realizing a vision of Human-Centric, Trustworthy Al that aligns
with European values, translating this vision into innovations that will enhance Europe's
economic competitiveness and sustain the European way of life in the future. The project has
three main goals:
- Emphasizing Al that augments human abilities and empowers citizens
- Considering the impact of Al on both individuals and society as a whole
- Conducting research on the relationship between Al, ethics, and fundamental rights,
addressing the "Question Zero" (determining where to integrate Al solutions and
where to refrain) and ensuring protection by design

The research is organized along five research pillars: (i) Human-in-the-loop machine learning,
reasoning, and planning, (ii) Multimodal perception and modelling, (iii) Human-Al
collaboration and interaction, (iv) Societal awareness, and (v) Legal and ethical bases for
responsible Al. The main characteristics of the 59 partners involved in Humane are described
below.

3.1.5.1 Humane-Al-Net consortium fact sheet??

Start — End: September 2020 — August 2024
Total cost 12 135 769,13€
Topic: ICT-48
Consortium size: Total: 59 including 3 third parties (underlined) and 2 ended
participations (crossed)
- Academic: 47
- Industry: 12 (in bold)
Coordinator: Deutsches Forschungszemtrum fiir Kunstliche Intelligenz GMBH
(Germany)

11 See project’s website here: https://www.humane-ai.eu/
12 See the EU webpage of the project here: https://cordis.europa.eu/project/id/952026
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Interactions with EU Al
project:

ELISE; VISION; CLAIRE

Participants countries

Total number of countries: 19

- UE:16
- Non-UE: 3
Austria: 2 CEU GMBH; Technische Univ. Wien
Belgium: 1 Vrije Univ. Brussel
Czechia: 2 Univ. Karlova; Vysoke Uceni Technicke V Brne
Denmark: 1 Kobenhavns Univ.
Finland: 1 Aalto Korkeakoulusaatio SR

France: 8 (incl. 2 third
parties)

Airbus Defence and Space SAS; Centre National de la Recherche
Scientifique; Univ. de Lorraine; Univ. Paris-Saclay; Institut National
de la Recherche en Informatique et Automatique; Sorbonne
Univ.; Thales Six GTS France SAS; Univ. Grenoble Alpes

Germany: 8 + 1 coord.

Fortiss GMBH; Fraunhofer Gesellschaft zur Forderung der
Angewandten Forschung EV; Start2 Group GMBH; Ludwig-
Maximilians-Univ. Muenchen; SAP SE; Technische Univ. Berlin;
Rheinland-Pfalzische Technische Univ,; Volkswagen
Aktiengesellschaft

Greece: 1 Athina-Erevnitiko Kentro Kainotomias Stis Technologies Tis
Pliroforias;

Hungary: 1 Eotvos Lorand Tudomanyegyetem

Italy: 7 (inc. 1 third | Consiglio Nazionale Delle Ricerche; Consorzio Interuniversitario

party) Nazionale per I'Informatica; Fondazionz Bruno Kessler; Generali
Italia SPA; Alam Mater Studiorum — Univ. di Bologna; Univ. di Pisa;
Univ. Degli Studi di Modena e Reggio Emilia

Ireland: 1 Univ. College Cork — National Univ. of Ireland

Latvia: 1 Tilde SIA

Netherlands: 5

ING Groep NV; Philips Electronics Nederland BV; Stichting VU;
Technische Univ. Delft; Univ. Leiden;

Poland: 1 Univ. Warszawski

Portugal: 1 Instituto de Engenhariade Sistemas e Computadores, Tecnologia
e Cienca; Instituto Superior Tecnico

Slovenia: 1 Institut Jozef Stefan

Spain: 5-1 Algebraic Al SL; Barcelona Centro Nacional de
Supercomputacion; Agencia Estatal Consejo Superior de

Investigaciones Cientificas; Telefonica Innovacion DigitallL SL;

Univ—PompeuFabra

Switzerland: 1

Eidgenoessische Technische Hochschule Zuerich

Sweden: 2

Orebro Univ.; Umea Univ.

Tarkiye: 1

Turkiye Bilimsel ve Teknolojik Arastirma Kurumu

United-Kingdom: 4 -1

knewledge4-All-FoudationtBG; Univ. College London; Univ. of

Sussex; Optimalai Research LTD

Humane-Al-Net is rooted in a human-centered approach to Al and could be of great interest
to the human-centered pillar of ENFIELD. In addition, legal and ethical issues addressed in this
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project could be valuable input for ENFIELD project, as well as research in trustworthy-Al carry
on in this project. The interest for multimodal perception and modelling can be valuable in the
context of Adaptive Al pillar of ENFIELD.

3.1.5.2 Humane-Al-Net main outputs

While some necessary adjustments emerging from interactions between various involved
communities, Humane’s research agenda, focused on Human-Centric Al, appears to be still
relevant. A key insight involves the need for a framework that enables transparent
collaboration between intelligent agents, whether human or artificial, particularly in scenarios
where overall goals are aligned but individual roles and tasks need coordination. Humane
proposes a new research topic focused on developing theoretical models for multi-agent
collaboration, spanning several work packages. This collaboration is envisioned as a hierarchy
of perception-action cycles, including:

- Reactive Collaboration: Involves tightly coupled interactions where agents respond
immediately to each other's actions, requiring machines to operate on similar time
scales as humans.

- Situation-Aware Collaboration: Focuses on shared awareness of a situation to mediate
perception and action, essential for intelligent behavior and decision-making in critical
environments.

- Operational Collaboration: Concerns the planning and execution of tasks, with a focus
on sharing authority and decision-making among agents.

- Practical Collaboration: Involves exchanging knowledge and experience to attain goals,
requiring intelligent systems to effectively communicate and share knowledge with
humans.

- Creative Collaboration: Entails working together to solve problems or create original
artifacts, where partners build on each other's ideas in a process of creative resonance.

These insights and proposed models aim to advance the development of flexible systems that
enhance human capabilities through effective collaboration between human and artificial
agents. The project outlines a comprehensive framework for human-centric Al, focusing on
collaboration between intelligent systems and humans across different interaction levels:
reactive (sensory-motor signals), situational (entities and relations), operational (tasks and
plans), practical (domain-specific knowledge), and creative (problem-solving and innovation).
The framework serves as a research roadmap, categorizing challenges based on the type of
information processed at each level, rather than as a system architecture. While inspired by
existing models, its use as a system design reference is speculative.

Natural language plays a critical role across all levels, enhancing collaboration and
communication. The document also highlights the potential societal and economic impact of
Al technologies in various domains, such as gaming, virtual worlds, and chatbots, where
enhanced collaboration could generate significant value.

The concept of "common ground" is essential for effective collaboration, requiring shared
understanding and representations between humans and Al. The challenge lies in bridging the
gap between human and machine understanding, especially in perceiving and communicating
new entities and actions, with the notion of "mirroring" being key for learning and predicting
intentions.
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Narratives are emphasized as a central element in understanding, communication, and trust-
building, providing context and meaning to interactions and experiences. They are crucial for
Al systems to develop contextual understanding and explain actions in complex scenarios.

Humane also addresses the importance of explainability and trustworthiness in Al, advocating
for explanations that align with users' mental models and trust that is actively built through
interaction. Lastly, it stresses the need for a multidisciplinary research methodology that
integrates technical performance with user-centric metrics, ethical considerations, and
educational incorporation, especially at the Ph.D. level.

3.1.6 TAILOR

TAILOR?!? project aims developing the scientific foundations for Trustworthy Al through the
integration of Learning, Optimisation and Reasoning. This project has two main foundations
with: i) Trustworthy Al by considering the safety, transparency, and reliability of Al, and ii)
Paradigms and Representations for Al by integrating learning, optimization, and reasoning.
Those two foundations are transverse to three more tangible contexts related to Acting by
using Al to act autonomously in an environment, to Social by using Al agents to act and learn
in a society, i.e., to communicate, collaborate, negotiate and understand with other agents and
humans, and to AutoAl by democratizing and automating Al systems, i.e., enable people with
limited expertise to build, deploy, and maintain high quality Al systems.

3.1.6.1 Tailor’s consortium fact sheet'*

Start — End: September 2020-August 2024

Total cost: € 12 000 000,00

Topic: ICT-48

Consortium size: Total: 58 including 5 third parties (underlined)
- Academic: 50
- Industry: 8 (in bold)

Coordinator: Linkopings Univ. (Sweden)

Interactions with other | AIAMEDIA; ELISE; HUMANE-AI-Net; VISION; AIDA ; CLAIRE
EU Al project:
Participants countries Total number of countries: 20

- UE: 17
- Non-UE: 3
Austria: 1 Technische Univ. Graz
Belgium: 2 Katholieke Univ. Leuven; Vrije Univ. Brussel
Czechia: 1 Univ. Karlova; Ceske Vysoke Uceni Technicke v Praze
Finland: 1 Tietoevry Finland OY
France: 9 Institut National de Recherche en Informatique et Automatique;

Univ. de Lorraine; Univ. de Rennes; Centre National de la
Recherche Scientifique; Univ. de Montpellier; Commisariat a

13 See TAILOR’s website: https://tailor-network.eu/
14 For more information, see EU website for this project: https://cordis.europa.eu/project/id/952215
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I'Energie Atomique et aux Energies Alternatives; Univ. d'Artois;
Univ. Grenoble Alpes; Electricite de France
Germany: 8 Technische Univ. Darmstadt; Albert-Ludwigs-Univ. Freiburg;
Deutsches Forschungszemtrum fir Kunstliche Intelligenz GMBH;
Fraunhofer Gesellschaft zur Forderung der Angewandten
Forschung EV; Rheinisch-Westfaelische Technische Hochschule
Aachen; Volkswagen Aktiengesellschaft; ZF Friedrichshafen AG;
Robert Bosch GMBH
Greece: 1 Ethniko kai Kapodistriako Panepistimio Athinon
Italy: 8 Consiglio Nazionale delle Ricerche; Univ. degli Studi di Roma La
Sapienza; Alma Mater Studiorum — Univ. di Bologna; Univ. degli
Studi di Trento; Fondazione Bruno Kessler; Consorzio
Interuniversitario Nazionale per I'Informatica; Univ. di Pisa;
Engineering — Ingegneria Informatica SPA
Ireland: 1 Univ. College Cork — National Univ. of Ireland
Israél: 1 Bar Ilan Univ.

Luxembourg: 1

Luxembourg Institute of Health

Netherlands: 6

Univ. Leiden; Technische Univ. Eindhoven; Technische Univ. Delft;
Nederlandse Organisatie voor Toegepast
Natuurwetenschappeljik Onderzoek TNO; Philips Electronics
Nederland BV; Centraal Bureau voor de Statistiek

Poland: 1 Politechnika Poznanska

Portugal: 1 Instituto Superior Tecnico

Slovakia: 3 Slovenske Centrum pre Vyskum Umelejinteligencie - Slovak Al;
Slovenska Technicka Univ. v Bratislave; Univ. Komenskeho v
Bratislave

Slovenia: 1 Institut Jozef Stefan

Spain: 4 Univ. Pompeu Fabra; Agencia Estatal Consejo Superior de

Investigaciones Cientificas; Univ. de Malaga; Univ. Politecnica de
Valencia

Switzerland: 2

Ecole Polytechnique Fédérale de Lausanne; Univ. Basel

Sweden: 1+ 1 (coord.) | ABB AB

United-Kingdom: 3 Univ. of Bristol; The Chancellor, Masters and Scholars of the Univ.
of Oxford; Univ. of Lancaster; Imperial College of Science,
Technology and Medicine

The TAILOR consortium includes a large number of academic partners. The project covers a
wide range of topics related to Al, in particular safe Al and the societal impact of Al, which are
relevant to the Trustworthy Al and Human-centric Al pillars. Green-Al and Adaptive-Al are also
concerned by research addressing paradigms and representations.

3.1.6.2 TAILOR’s main outputs

TAILOR aims to advance the scientific foundations of Trustworthy Al, driving significant impact
in Europe and globally through its extensive basic research. It fosters new and existing scientific
collaborations, both within TAILOR and with other research centers. Theme Development
Workshops (TDWs) identified key research challenges for European industry, contributing to
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the Strategic Research and Innovation Agenda (SRIR) for Al. As a key member of AIDA, TAILOR
supports Al education and training at the PhD and postdoc levels. By integrating learning,
optimization, and reasoning, TAILOR helps build a robust academic-public-industrial network,
laying the groundwork for reliable, safe, and human-centered Al systems.

3.1.7 Al4dEurope

Al4Europe!® is a follow-up of AI4EU (see subsection 3.1.1). The swift progress of Al
technologies has prompted the EU to establish a research environment centered on scientific
and ethical excellence, driven by collaboration among EU members, academia, and industry.
The EU-funded AI4EUROPE project, in partnership with AI4EU and other related initiatives,
seeks to create this space by offering an impartial, open, and cooperative platform designed
by and for the European Al research community. This platform will facilitate access to data,
services, tools, and collaboration with other researchers. Additionally, the project will support
a sustainable business model to ensure its long-term operation.

3.1.7.1 Al4Europe Fact sheet?®

Start — End: July 2022-December 2025
Total cost: €20667 674,28
Topic: HORIZON-CL4
Consortium size: Total: 23
- Academic: 17
- Industry: 6 (in bold)
Coordinator: Univ. College Cork — National Univ. of Ireland (Ireland)
Interactions with EU Al | ELIAS, AI4MEDIA, ELISE, HUMANE-AI-Net
project:
Participants countries Total number of countries: 15
- UE: 14
- Non-UE: 1
Belgium: 2 EIT Digital; European Digital SME Alliance
Finland: 1 Aalto Korkeakoulusaatio SR
France: 1 Univ. Paris-Cité
Germany: 2 Deutsches Forschungszemtrum fiir Kunstliche Intelligenz GMBH;
Fraunhofer Gesellschaft zur Forderung der Angewandten
Forschung EV
Greece: 2 National Center for Scientific Research Demokritos; Aristotelio
Panepistimio Thessalonikis
Italy: 1 Alma Mater Studiorum — Univ. di Bologna
Ireland: 1 + 1 (coord.) F6S Network Ireland Limited
Netherlands: 3 Stichting EGI; Technische Univ. Eindhoven; Univ. Leiden
Norway: 2 Telenor ASA; Univ. i Tromsoe — Norges Arktiske Univ.
Portugal: 1 Globaz SA

15 See project website here: https://www.ai4europe.eu/
6 For more details, one can refer to the European Commission website on the project:
https://cordis.europa.eu/project/id/101070000
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Romania: 1 Institutul E-Austria Timisoara

Slovakia: 1 Kempelenov Institut Inteligentnych Technologii

Slovenia: 1 Znanstvenoraziskovalni Center Slovenske Akademije Znanosti in
Umetnosti

Spain: 2 Instituto Tecnologico de Informatica; Univ. de Zaragoza;
Barcelona Centro Nacional de Supercomputacion

Sweden: 1 Orebro Univ.

As this project has only recently begun, we have not provided an overview of its main findings
in this version of the CRVR. Main findings will be updated in the next version depending on the
advances made by project participants. This project, however, is an extension of Al4EU and
aims especially to develop the Al on Demand (AloD) platform. This latter hosts many resources
related to the 4 research pillars studied in ENFIELD. These resources can be thus usefully
explored by ENFIELD partners.

3.1.8 ELSA

The widespread deployment of Al systems, particularly those based on machine learning, has
highlighted the need for enforcing Trustworthy Al principles to ensure these technologies
benefit people and society. Achieving this requires not only societal and policy actions but also
technological research. The European Union has tasked the ELSAY consortium with building a
network of excellence in secure and safe Al research. ELSA, a virtual center of excellence,
focuses on foundational research in safe and secure Al methodologies to address three key
challenges: developing robustness guarantees, ensuring privacy-preserving collaborative
learning, and creating mechanisms for human oversight of Al in areas such as healthcare,
autonomous driving, robotics, and cybersecurity.

ELSA's approach emphasizes threat modeling, foundational research, interdisciplinary
collaboration, and a system-wide view called "MLTrustOps." The project also addresses
governance, legal aspects, and transparency through an open-source approach. ELSA's
Strategic Research Agenda outlines three grand challenges: improving technical robustness
and safety, ensuring robust private collaborative learning, and enhancing human agency and
oversight in Al systems. Significant progress has been made, but challenges remain,
particularly in ensuring Al aligns with societal values. Continued investment is essential to
secure leadership in shaping Al technology for the public good in a European context.

3.1.8.1 ELSA Consortium fact sheet*®

Start — End: September 2022-August 2025

Total cost: €7 434 058,75

Topic: HORIZON-CL4

Consortium size: Total: 18 including 3 third parties (underlined)
- Academic: 13
- Industry: 5 (in bold)

7 project’s website is available here: https://elsa-ai.eu/
18 See EU project website for more details: https://cordis.europa.eu/project/id/101070617
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Coordinator: CISPA — Helmholtz-Zentrum fur Informationssicherheit GMBH
(Germany)
Interactions with EU Al | ELLIS; ELISE
project:
Participants countries Total number of countries: 6 (+ partners in 2 countries)
- UE:6
- Non-UE: 0 + partners in UK (4) and Switzerland (3)
Finland: 1 Helsingin Yliopisto
France: 3 Valeo Comfort and Driving Assistance; Institut National de la

Recherche en Informatique et Automatique; Yooz;

Germany: 2 + 1 (coord.) | Max-Planck-Gesellschaft zur Forderung der Wissenschaften EV;
European Molecular Biology Laboratory;

Italy: 8 Fondazione Istituto Italiano di Tecnologia; Univ. Degli Studi di
Modena e Reggio Emilia; Consorzio Interuniveritario Nazionale
per I'Informatica; Politecnico di Torino; Univ. degli Studi di Milano;
Univ. degli Studi di Genova; Pluribus One SRL; Leonardo — Societa

per Azioni;
Spain: 2 Centre de Visio per Computador; PAL Robotics SLU
Sweden: 1 Kungliga Tekniska Hoegskolan

As this project has only recently begun, we have not provided an overview of its main findings
in this version of the CRVR. Main findings will be updated in the next version depending on the
advances made by project participants. They could be valuable outputs related to trustworthy
Al and human-centric-Al according to the project’ presentation.

3.1.9 euROBIN

As robots increasingly enter unstructured environments with diverse tasks, they must quickly
acquire new skills to address these challenges. Humans excel at this through various methods
of knowledge transfer, such as demonstrations, verbal explanations, writing, and the Internet.
In robotics, enabling the transfer of skills and software across robots, tasks, research groups,
and application domains will be transformative for scaling up robotic capabilities. In this
respect, euROBIN® proposes a threefold strategy. First, leading experts from the European
robotics and Al research community will address the key challenges of transferability across
four main scientific areas:

- Enhancing physical interaction capabilities to improve safety, reliability, and energy
efficiency

- Leveraging machine learning to acquire new behaviors, environmental knowledge, and
adaptability to novel situations

- Enabling robots to represent, exchange, query, and reason about abstract knowledge

- Ensuring a human-centric design approach that considers human needs and
expectations, making Al-enabled robots accessible, usable, and trustworthy.

19 euROBIN website is available here: https://www.eurobin-project.eu/
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Second, scientific advancements will be demonstrated in three application domains with
significant potential to impact industry, innovation, and civil society across Europe:

- Robotic manufacturing for a circular economy

- Personal robots for enhancing quality of life

- Outdoor robots for sustainable communities. Progress will be evaluated through
collaborative competitions.

Finally, euROBIN aims to establish a sustainable network of excellence to promote
collaboration and inclusivity. The EuroCore repository will serve as a central platform for
sharing software, data, and knowledge across Europe’s robotics community. The vision of
euROBIN is to create a European ecosystem of robots that share data and knowledge,
leveraging their diversity to collectively learn and tackle the vast array of tasks within human
environments.

3.1.9.1 euROBIN consortium fact sheet?®

Start - End July 2022-June 2026
Total cost: €11500 272,75
Topic: HORIZON-CL4
Consortium size: Total: 29
- Academic: 22
- Industry: 7 (in bold)
Coordinator: Deutsches Zentrum fur Luft und Raumfahrt EV (Germany)

Interactions with other | n.d.
EU Al project:
Participants countries Total number of countries: 13

- UE: 13
- Non-UE: 0
Belgium: 1 Interuniversitair Micro-Electronica Centrum
Czechia: 1 Ceske Vysoke Uceni Technicke v Praze
Denmark: 1 Teknologisk Institut
France: 3 Institut National de Recherche en Informatique et Automatique;

Commissariat a I'énergie atomique et aux énergies alternatives;
Centre National de la Recherche Scientifique; Sorbonne Univ.
Germany: 6 + 1 (coord.) | Karlsruher Institut fuer Technologie; Technische Univ. Muenchen;
Volkswagen Aktiengesellschaft; Univ. Bremen; Fraunhofer
Gesellschaft zur Forderung der Angewandten Forschung EV;
Siemens Aktiengesellschaft

Italy: 2 Consorzio di Ricerca per I'Energia I’Automazione e le Tecnologie
dell’Elettromagnetismo; Univ. di Pisa; Fondazione Instituto
Italiano di Tecnologia;

Netherlands: 1 Univ. Twente;

Poland: 1 Fundingbox Accelerator SP ZOO

20 For more information, see the European Commission webpage of the project:

https://cordis.europa.eu/project/id/101070596

ENFIELD: European Lighthouse to Manifest Trustworthy and Green Al 36


https://cordis.europa.eu/project/id/101070596

ENFIELD D4.2

Portugal: 1 IST-ID Associacao do Instituto Superior Tecnico para a
Investigacao e o Desenvolvimento;

Slovakia: 1 Matador Industries AS

Slovenia: 1 Institut Jozef Stefan;

Spain: 5 Univ. de Sevilla; Fundacion Tecnalia Reaseach & Innovation; ASEA
Brown Boveri SA; DHL Express Spain SL; PAL Robotics SLU

Sweden: 2 Kungliga Tekniska Hoegskolan; Orebro Univ.

As this project has only recently begun, we have not provided an overview of its main findings
in this version of the CRVR. Main findings will be updated in the next version depending on the
advances made by project participants. euROBIN presentation includes studies on energy
efficiency, adaptability to novel situations, and human-centric design of robots. They intersect
thus at least 3 pillars of ENFIELD project.

3.1.10 dAIEDGE

dAIEDGE?! project aims to strengthen and support the development of the dynamic European
edge and distributed Artificial Intelligence ecosystem. The project envisions strengthening and
advancing Europe's edge and distributed Al ecosystem to drive the growth and
competitiveness of European industries. By reinforcing research and innovation value chains,
the network aims to accelerate Europe's digital and green transitions through cutting-edge
edge Al technologies and applications, leveraging Europe's existing assets and industrial
strengths.

The network will also enhance the edge Al research and industrial communities by pushing
the boundaries of technological development, positioning itself as a strategic pillar for the
European Al Lighthouse. This will be accomplished by connecting key stakeholders,
partnerships, and projects across Europe to develop roadmaps, guidelines, and trends for next-
generation edge Al technologies. A key objective is to support rapid development, market
adoption, and strategic sovereignty in crucial distributed edge Al technologies, including
hardware, software, frameworks, and tools.

dAIEDGE will act as a catalyst, creating a strong virtual network of research facilities and labs
to benefit Europe's research and industrial communities. Through a multidisciplinary
approach, it will foster collaboration, idea exchange, and the sharing of tools and services by
uniting leading research centers, Al-on-demand platforms, digital innovation hubs, and Al
initiatives. Ultimately, dAIEDGE aims to position Europe as a global leader in human-centered
edge Al, addressing social and economic challenges and meeting the needs of citizens and
society.

3.1.10.1 dAIEDGE consortium fact sheet??

Start — End September 2023 — August 2026
Total cost: €10 746 872,00

21 JAIEDGE website is available here: https://daiedge.eu/
2 For more information, see the European Commission webpage of the project:
https://cordis.europa.eu/project/id/101120726
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Topic: HORIZON-CL4
Consortium size: Total: 25 including 1 third party (underlined)
- Academic: 18

- Industry: 7 (in bold)

Coordinator:

Deutsches Forschungszemtrum fiir Kunstliche Intelligenz GMBH
(Germany)

Interactions with other
EU Al project:

TAILOR, VISION, AIAMEDIA, HUMANE-AI-Net,
euROBIN, ENFIELD, Al_NoE

ELISE, ELSA,

Participants countries

Total number of countries: 13 (+ partners in 2 countries)
- UE:12
- Non-UE: 1 (+ 2 partners in UK & 6 in Swizterland)

Belgium: 2 Centre d’Excellence en Technologies de I'Information et de Ila
Communication; Interuniversitair Micro-Electronica Centrum;
Katholieke Univ. Leuven

Bulgaria: 1 Sofia Univ. ST Kliment Ohridski

Finland: 1 Varjo Technologies OY

France: 6 Commissariat a I'Energie Atomique et aux Energies Alternatives;

Institut National de Recherche en Informatique et Automatique;
Safran Electronics & Defense; Sorbonne Univ.; Centre National de
la Recherche Scientifique; Thales SIX GTS France SAS

Germany: 1+ 1 (coord.)

Deutsches Zentrum fur Luft und Raumfahrt EV; Fraunhofer
Gesellschaft zur Forderung der Angewandten Forschung EV

Greece: 1 Idryma Technologias kai Erevnas

Italy: 3 Hipert SRL; STMicroelectronics SRL; Univ. degli Studi di Modena
e Reggion Emilia

Ireland: 1 Ubotica Technologies Limited

Netherlands: 1 Verses Global BV

Norway: 1 SINTEF SA

Poland: 1 Fundingbox Accelerator SP ZOO;

Spain: 4 Fundacion Instituto Internacional de Investigacion en Inteligencia
Artificial y Ciences de la Computacion; Univ. De Castilla — La
Mancha; Univ. de Salamanca; Fundacion Centro de Tecnologias
de Interaccion Visual y Comunicaciones Vicomtech

Sweden: 1 Blekinge Tekniska Hogskola

As this project has only recently begun, we have not provided an overview of its main findings
in this version of the CRVR. Main findings will be updated in the next version depending on the
advances made by project participants. dAIEDGE’s presentation insists nevertheless on a
human-centric approach of Al that meets the needs of citizens and society regarding Al
systems. Outputs from this project could thus be relevant for the human-centric Al pillar of

ENFIELD project.
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3.1.11 ELIAS

ELIAS?? is founded on the belief that Al will be crucial in addressing major global challenges,
such as climate change and the energy crisis, while also tackling ethical and societal concerns.
It aims to bridge fundamental Al research with industry applications, focusing on reducing
computational costs, modeling societal impacts of policies, and respecting individual rights.
ELIAS builds on the successful ELLIS initiative, supporting Al researchers at all career stages and
fostering innovation at the intersection of science and business. The ultimate goal is to position
Europe as a leader in Al research, emphasizing environmental sustainability, societal cohesion,
and individual rights. Success will be measured by cross-institutional collaborations, industry
partnerships, publications, patents, and the deployment of innovative Al solutions.

3.1.11.1 ELIAS consortium fact sheet??

Start — End: September 2023-August 2027

Total cost: €11 030 575,00

Call for proposal: HORIZON-CL4

Consortium size: Total: 32 including 3 third parties (underlined) and 1 ended

participation (crossed)

- Academic: 26
- Industry: 6 (in bold)

Coordinator: Univ. degli Studi di Trento (Italy)

Interactions with EU Al | ELISE; ELSA; ELLIS; AIAMEDIA

project:

Participants countries Total number of countries: 14 (+ 3 countries with partners)
- UE: 14

- Non-UE: 0+ partners in Switzerland (3), Finland (1) and UK
(1)

Czechia: 1 Ceske Vysoke Uceni Technicke v Praze
Denmark: 1 Kobenhavns Univ.
France: 5 Institut Polytechnique de Paris; Ecole Polytechnique; Institut

Mines-Telecom; Univ. De Toulouse; Institut National de la
Recherche en Informatique et Automatique

Germany: 4 Eberhard Karls Univ. Tuebingen; Hasso-Plattner-Institut fur Digital
Engineering GMBH; Max-Planck-Gesellschaft zur Forderung der
Wissenschaften EV; Robert Bosch GMBH

Greece: 1 Ethniko Kentro Erevnas kai Technologikis Anaptyxis

Hungary: 1 Robert Bosch KFT

Italy: 8 —1 + 1 (coord.) | Politecnico di Milano; Univ. degli Studi di Modena e Reggio Emilia;
Fondazione Bruno Kessler; Univ. degli Studi di Milano; Fondazione
Istituto Italiano di Tecnologia; Univ. degli Studi di Genova;
Engineering—Ingegnerialnformatica-SPA; Prometeia Societa par
Azioni

Ireland: 1 IBM Ireland Limited

2 Project’s website is available here: https://elias-ai.eu/
24 For more details, see EU project’s website here: https://cordis.europa.eu/project/id/101120237
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Netherlands: 1 Univ. van Amsterdam

Poland: 1 IDEAS NCBR SP ZOO

Romania: 2 Univ. Politehnica din Bucuresti; Bitdefender SRL

Slovenia: 1 Institut Jozef Stefan

Spain: 2 Fundacion de la Communitat Valenciana Unidad Ellis Alicante;
Univ. De Valencia

Sweden: 1 Umea Univ.

As this project has only recently begun, we have not provided an overview of its main findings
in this version of the CRVR. Main findings will be updated in the next version depending on the
advances made by project participants.

3.2 Possible Contributions of Al EU Projects for ENFIELD

The table below summarizes the different of past or current European research project on Al
with respect to the 4 pillars of ENFIELD:

Green | Trustworthy | Adaptive | Human-centric

AI4EU X X
Al@Edge X X

AIAMEDIA X X
ELISE X X X
HUMANE-AI-Net X X X
TAILOR X X X X
Al4Europe X X X X
ELSA X X
euROBIN X X X X
dAIEDGE X
ELIAS X X X X

The table below illustrates the numerous intersections between research areas developed in
ENFIELD and those of past or current European research projects. These common areas call
for co-ordination and cooperation and can be used to promote synergies between projects.
This goal would require more in-depth analysis of academic and industrial issues addressed in
the different projects.

While trustworthy, adaptive and human-centered Al are topics that have been addressed by
research projects for many years, Green Al - which is a major research pillar of the ENFIELD
project - seems to have attracted attention more recently. It illustrates the growing importance
of environmental considerations related to Al systems and use.

Past projects have already created noticeable organizations or platforms that can be used by
current research projects to make widely available their results and coordinate their research
efforts. For instance, Al on Demand (AloD) platform gathers scientific outputs originally
created in AI4EU and Al4Europe projects. This platform now hosts many models, datasets or
training resources from various projects presented before. AloD can become a useful platform
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to showcase European academic and industrial outputs in Al domain. In addition, ELLIS*
(European Laboratory for Learning and Intelligent Systems) and AIDA?® (Artificial Intelligence
Doctoral Academy) can be useful organizations to coordinate academic research activity on Al
in Europe, as well as PhD student educational and training activities.

4 Conclusions and Next Version of CRVR

This first version of the Common Research Vision and Roadmap (this deliverable) presents the
main academic challenges addressed in ENFIELD regarding a wider use of Al across society for
its benefit. In this respect, ENFIELD focuses on four main research pillars aligned with four
industrial domains to harness the economic and societal benefits of Al systems. It emphasizes
Green Al to reduce environmental impact through energy-efficient models and lifecycle
assessments. In Adaptive Al, the project aims to improve adaptability, efficiency, and
robustness in dynamic environments through edge devices and brain-inspired models.
ENFIELD also promotes Human-Centric Al, enhancing explainability, accountability, and
fairness in decision-making systems. Finally, regarding Trustworthy Al, it develops privacy-
preserving techniques and cybersecurity frameworks to safeguard Al systems against
malicious actions, with applications in sectors like healthcare and loT.

Therefore, ENFIELD plays a pivotal role in advancing Europe’s Al capabilities by addressing
critical challenges in sustainability, adaptability, human-centricity, and trustworthiness. Its
interdisciplinary research approach bridges gaps between technical innovation and societal
needs, driving Al adoption across key industrial domains: Energy, Healthcare, Manufacturing
and Space. The project’s contributions will not only strengthen the EU's strategic autonomy in
Al but also ensure that Al technologies are developed and deployed in ways that align with
European values of transparency, security, and sustainability. As ENFIELD progresses, it will
enhance Europe's leadership in Al while delivering significant benefits to its citizens,
businesses, and society at large.

4.1 Enhanced Vision and Roadmap

Our main vision is to contribute to the elevation of European Al research to the highest level
of excellence across its four core pillars. To achieve this, the project fosters collaboration
through an interdisciplinary, agile R&D approach that integrates academic and industrial
partners. ENFIELD uses an iterative development cycle, continuously refining tools and
hypotheses to address complex challenges. The project emphasizes breaking down barriers
between technical and social sciences, enabling a holistic understanding of Al's impact. By
sharing resources, co-creating knowledge, and facilitating cross-border collaboration, ENFIELD
aims to build a sustainable research network and enhance Europe's competitive edge in Al.

The next version of the ENFIELD Common Research Vision and Roadmap will encompass the
following refined set of core values, research priorities, and extensions of our strategic vision.

We shall continue to shape our vision around the research progress in the four pillars:

25 See ELLIS website here : https://ellis.eu/

26 See AIDA website here : https://www.i-aida.org/
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e Green Al for reducing Al's environmental footprint through energy-efficient models,
lifecycle assessments, and the integration of renewable energy sources, with research
efforts focus on developing metrics and indicators for Green Al, energy-efficient Al on
edge and edge-cloud systems, and sustainable models for Large Language Models and
generative Al.

e Adaptive Al for enabling Al systems to learn continuously and adapt to changing
environments, with research efforts focus on developing edge-based adaptive Al to
optimise resource usage, robustness and trustworthiness under distribution shifts,
brain-inspired continual learning models.

e Human-Centric Al for enhancing Al's explainability, interpretability, and user trust, with
research efforts focus on developing novel explainable Al methods, evaluating human-
Al collaboration, and designing transparent, data-driven decision-support systems.

e Trustworthy Al for building secure, fair, and resilient Al systems, with research efforts
focus on developing security frameworks for Al in cyber-physical systems, privacy-
preserving Al technologies like zero-knowledge proofs, and Al authenticity verification
to counter risks associated with generative Al.

The next version of CRVR (D4.5 - CRVR intermediate version) will show how the integration of
the four foundational research pillars into the domains of Energy, Healthcare, Manufacturing,
and Space ensures that scientific innovation delivers practical, trustworthy, and sustainable
impact, highlighting the results and outcomes of different practical use cases developed within
the project.

The research vision of our main foundational pillars will be expanded to encompass
deployment readiness, scalability, and long-term societal resilience. In parallel, a systematic
analysis of how our research results align with both the current and emerging technologies
will be outlined, ensuring that they are robust, adaptable, and capable of responding
effectively to associated risks and evolving threats. This enhanced vision will reinforce the
practical relevance of ENFIELD foundational research, anticipate technological shifts, and
position our innovations as key enablers of sustainable, trustworthy, and future-proof Al
solutions.

We will integrate cross-pillar innovation synergies by highlighting the convergence between
Green Al, Adaptive Al, Human-Centric Al, and Trustworthy Al. In doing so, we will
systematically analyse how these combined innovations create added value and
transformative capabilities across the four industrial domains: Energy, Healthcare,
Manufacturing, and Space. This approach will ensure that the interactions between the pillars
are not treated in isolation but leveraged strategically to address complex real-world
challenges, enhance sector-specific applications, and accelerate the development of
sustainable, resilient, and human-aligned Al systems.

The next version of CRVR will elaborate on the basic principles guiding our research, such as
the needed for sustained Al growth, the need to maximize the Al opportunity through
widespread adoption across all sectors and society, ensure that Al is built responsibly and
reflects European values, and that our research is alighed with Al Continent Action Plan?’.

27 https://ec.europa.eu/commission/presscorner/detail/en/ip_25 1013
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To strengthen ENFIELD vision and roadmap, we have developed a set of questionnaires for the
researchers working in the project and for the project stakeholders aimed at gathering diverse
perspectives on the challenges, opportunities, and future directions of Al across different
industrial domains. The questionnaires focus on complementing our vision with expert insights
on emerging challenges, research priorities, and practical considerations related to the
development of responsible and sustainable Al. The answers to these questionnaires will
provide valuable insights, helping to identify key issues such as technical barriers, ethical
concerns, and regulatory needs. A synthesis of the responses to these questionnaires will be
provide and analysed.

The next version of CRVR will clearly trace a line from research outputs to project-level
impacts, including explicit linkage to strategic objectives, and better reflect industrial domain
needs, highlight cross-cutting enablers. Thus, next version of CRVR will prove that the project
is at the forefront of sustainable and ethical artificial intelligence, offering a comprehensive
vision of how Al can be both environmentally conscious and socially responsible.

The final version of the Common Research Vision and Roadmap (D4.7, due Month 36) will be
updated to reflect the latest project results, demonstrated impact, and evolving strategic
research and innovation priorities. It will place particular emphasis on stakeholder
engagement by integrating insights from industry, academia, policymakers, and end-users. A
structured feedback mechanism will be established to support continuous refinement of
research directions, ensuring the roadmap remains dynamic and responsive. Furthermore, this
final version will highlight the practical outcomes achieved across the four industrial domains:
Energy, Healthcare, Manufacturing, and Space, reinforcing the relevance, applicability, and
deployment readiness of ENFIELD’s research outputs.

4.2 Coordination with EU Al Strategies and Initiatives

The next version of the Common Research Vision and Roadmap will report on the current
coordination actions undertaken by the project to achieve synergies and foster cooperation
with other related projects. These actions include efforts both at the level of research and
innovation activities, as well as in relation to the educational resources developed within the
project. It will also highlight current and emerging collaboration with different European Al
initiatives and with national strategies and initiatives of the consortium partners’ countries.

Thus, we will showcase how to ensure stronger coherence and complementarity with the
broader European Al ecosystem by systematically mapping synergies with key initiatives,
identifying gaps, overlaps, and opportunities for collaboration. Based on this analysis, we will
establish further actionable coordination measures with related projects and initiatives,
thereby reinforcing ENFIELD’s contribution to a cohesive, impactful, and sustainable European
Al research and innovation landscape.

ENFIELD directly supports the European Union’s Strategic Research Agenda (SRA) and
Strategic Research, Innovation, and Deployment Agenda (SRIDA) by delivering cutting-edge
research, fostering responsible Al innovation, and enabling real-world deployment across
critical sectors. ENFIELD acts as a lighthouse initiative demonstrating how sustainable,
trustworthy, human-centric, and adaptive Al can be developed and scaled in alignment with
Europe's long-term strategic objectives.
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From the perspective of the Strategic Research Agenda (SRA), the four ENFIELD pillars define
key thematic priorities that guide research and innovation in Al. Green Al contributes to the
SRA by driving the development of energy-efficient and environmentally sustainable Al
technologies, in alignment with the European Green Deal. Adaptive Al addresses the SRA’s
goals for robustness and resilience by focusing on Al systems capable of continuous learning
and adaptation in dynamic, real-world environments. Human-Centric Al supports the SRA's
emphasis on ethical and socially aligned Al by advancing explainability, fairness, transparency,
and human oversight in Al decision-making processes. Trustworthy Al reinforces the regulatory
and ethical dimensions of the SRA through the development of secure, privacy-preserving, and
verifiable Al systems. Finally, interdisciplinary research acts as a cross-cutting enabler, ensuring
that technical innovation is deeply informed by societal, environmental, and behavioural
insights—strengthening the connection between Al development and societal needs.

From the point of view of the Strategic Research, Innovation, and Deployment Agenda (SRIDA),
ENFIELD is aligned with:

e The sectoral deployment by developing Al applications in healthcare, energy,
manufacturing, and space, directly supporting SRIDA’s sectoral focus;

e The innovation ecosystems by creating research outputs ready for industrial adoption;

e The policy and regulation support by developing trustworthy frameworks and privacy-
preserving tools to feed into European Al regulatory frameworks,;

e The citizen engagement and skills by prioritizing explainability, transparency, and
human trust, strengthening citizen acceptance and addressing skill gaps;

e The sustainability goals by positions Al innovation at the intersection of technological
advancement and environmental responsibility.

Therefore, ENFIELD fully embodies the ambition of Europe’s Al strategies by linking scientific
excellence with industrial deployment, ethical leadership, and sustainability imperatives. It can
significantly contribute to the implementation of the European SRA and SRIDA objectives,
fostering a future where Al is aligned with societal values and global competitiveness.
Moreover, the next version of CRVR will show how ENFIELD results can contribute to the
achievement of Al Continent Action Plan, which aims to set course for Europe's Al leadership.

As Europe and the global community continue to shape the future of Al governance and
innovation, ENFIELD stands ready to contribute with deep scientific expertise, a robust
network of partners, and a strong commitment to public good. By providing forefront research
results, fostering cross-disciplinary collaboration, and championing values-driven Al, ENFIELD
paves the way for a transformative paradigm where technological excellence coexists with
human well-being.
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