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Abstract

The PIANOFORTE Partnership is dedicated to enable radiation protection research in Europe
through the organisation of competitive Open Calls for research and innovation projects. As
the importance of the safe and secure use of Al, either when using ionising radiation, e.g.,
for medical applications, or for radiation protection, e.g., for dosimetry, or for emergency
preparedness, was already becoming more and more obvious in the preparation of
PIANOFORTE, it became clear that it would be important to implement Al topics or at least
Al methodologies in the research calls of PIANOFORTE. This deliverable investigates the
topic characterisation and evaluation within PIANOFORTE in brief and the conclusions for
the research calls. It focusses on how Al-related aspects have been dealt with in the
different research calls and the potential integration in the funded projects. In addition, the
deliverable states on how Al should be implemented into future research calls.
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1. Introduction

The main goal of the PIANOFORTE Partnership is to improve radiological protection of the
public, patients, workers and the environment in all exposure scenarios by fostering and
enabling corresponding research and to provide solutions and recommendations for
optimised protection in accordance with the European Basic Safety Standards (EU BSS).

The general objectives of the Partnership should be achieved by PIANOFORTE-funded
research and innovation projects in the field of radiation protection. These projects have been
selected in the frame of three competitive Open Calls and a dedicated PhD funding call.

PIANOFORTE aims to involve all kinds of modern scientific approaches for improving radiation
protection of the European population. It had already been realized in the preparation phase
of PIANOFORTE that artificial intelligence (Al) based methods might play an increasing role in
radiation protection and the corresponding research. Therefore, a dedicated task (task 2.4.3)
had been designed to evaluate possibilities as well as potential differences existing between
different fields of radiation protection research. Based on these evaluations, a strategy should
be developed to integrate Al based approaches into PIANOFORTE funded radiation protection
research and especially into research calls and corresponding projects. To assess the current
and potential use of Al in the field of radiation protection research, the following activities
have been performed:

- A workshop has been organized and carried out in Athens, Greece (April 2024), where experts
using Al for radiation protection research or radiation protection and those proposing new Al
based approaches in other fields as well as interested researchers met and discussed the
current possibilities, the current situation depending on exposure scenarios as well as
requirements depending on exposure scenarios and corresponding limitations and restrictions
as well as future directions.

- Anevaluation had been performed on the first calls regarding different aspects of the projects.
In this survey the planned use of Al was one of the questions that were asked.

For the open 3™ call special attention was given to include Al aspects in the research projects.
This was done by giving extra priority to research topics which include Al. As a result, almost
all research projects selected have at least partially Al included in the research plan. Some
topics even had this specifically in their title description, like the topic “Use of Artificial
Intelligence and Big Data techniques to improve emergency response — covering radiological impact
assessments, decision support, data collection response and recovery strategies and public
engagement, communication and education.”
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2. Workshop on artificial intelligence use in radiation protection

research

As mentioned above, a PIANOFORTE-funded Workshop on “Artificial Intelligence and
Radiation Protection” was held on 18-19 April 2024, in the premises of NCSR “Demokritos”,
Agia Paraskevi, Attica, Greece. The workshop aimed to discuss among experts and with
interested participants the (potential) use of Al in radiation protection and radiation
protection research in various areas of radiation protection aligned with exposure scenarios,
including regulatory and legislative aspects, as well as to present the status of the Al use in
various fields. The workshop addressed also aspects of ethical and social science dimensions
of the use of Al. Information about the Workshop, as well as all presentations are available in
https://pianoforte-partnership.eu/news/workshop-on-artificial-intelligence-and-radiation-
protection. The minutes and conclusions of the Workshop will be included in the PIANOFORTE
Deliverable D2.9. Therefore, they will not be described here in more detail. However, for the
reflection of the actual uptake of Al in the various Research Calls of PIANOFORTE and for
recommendations for implementation of Al for future research calls in the framework of
radiation protection, the results have been taken into account. For a first idea of the workshop
results, the slides presented as a summary of the discussions are shown in the following
figures:

Increasing the use of Al in radiation protection /
needs for future research

> Dosimetry
* make plans on where to use, work on the uncertainty and quality assessment of methods,
explanation approaches
» Metrology
* Methodology to assess uncertainty still needs to be developed

» Requirement for a plan for assessment of explainability, robustness, uncertainty and data quality

» Radioecology
» Research on environmental impact of Al Tools
* Need to educate Al software to distinguish Radiation Protection Quantities

* Research on Al for better modelling impact of exposures and effects of radionuclides in the
environment and ecosystems

PIAN\ /FORTE Workshop on “Artificial Intelligence and Radiation Protection” Co-funded by
/ o

18 — 19 April 2024, NCSR “Demokritos”, Agia Paraskevi, Greece the European Union

Figure 1: Proposed ideas for increasing the use of Al in radiation protection and needs for
future research on Al use in dosimetry, metrology and radioecology
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Increasing the use of Al in radiation protection /
needs for future research

» Emergency preparedness and response
* Adequate and quality assured training data sets
* Physics-inspired neural networks

» “data free” ANNs

* Integration of Al in Decision Support Systems / automation to achieve effective timings given the
real life constraints

* Development of ChatBots for EPR context

» Medical radiation protection:

* Quality assurance of Al based methods to allow broad implementation and solve the data
protection issues

= Start with ethical considerations

Workshop on “Artificial Intelligence and Radiation Protection”
18 — 19 April 2024, NCSR “Demokritos”, Agia Paraskevi, Greece

Co-funded by
the European Union

Figure 2: Proposed ideas for increasing the use of Al in radiation protection and needs for
future research on Al use in nuclear or radiological emergency preparedness and response,
and on medical radiation protection

Increasing the use of Al in radiation protection /
needs for future research

» General needs
* Suitable models
* Suitable data
* Quality assurance

* Training of researchers / developers / users of Al tools in their use
and results interpretation

* Intensive collaboration with IT scientists

Workshop on “Artificial Intelligence and Radiation Protection”
18 — 19 April 2024, NCSR “Demokritos”, Agia Paraskevi, Greece

Co-funded by
the European Union
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Figure 3: General needs identified for promoting future research in Al-use in radiation
protection

How to stimulate Al in the third open call from Pianoforte

* Up to now: no specific push or info on Al in call 1 and 2
* Still some aspects in different projects

* Priority setting call 3 will start soon
* Call launched in April 2025

* How to stimulate Al in call 3?
* Should we stimulate Al in call 3?
* Add one specific call topic? Or several specific call topics?
* Should we include exploratory topics?
* Should we limit it to certain domains that need stimulation?
* Should we foresee a certain budget for such projects?
* Should we just add some extra lines in "normal” topics?

* Should we foresee extra box in application form?

\/
PIAN./

F TE Co-funded by

the European Union

Figure 4: Proposed ideas to stimulate the adoption of Al in the 3 PIANOFORTE Open Call

3. Implementation of Al into existing PIANOFORTE calls

3.10pencall 1

In various of the funded projects Al plays a significant role as indicated below:

RRADEW, https://pianoforte-partnership.eu/rradew/

Artificial intelligence and machine learning algorithms will be used to elaborate the Analytical
platform: parameterization of specific overlapping events during times of war, modelling of
measures to enhance resilience, enabling multi-agent simulation-based and multi-criteria
evaluation of these measures.

IMAGECOMICS, https://pianoforte-partnership.eu/imageomics/
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Al approaches will be used to determine the optimal nanoparticle combinations for predicting
tumour heterogeneity and tumour immune profiles.

IMMPRINT, https://pianoforte-partnership.eu/immprint/

The reconstruction tasks will partly be using Al-based methods. Prediction tools will be
covered within the project based on Al methods as well.

VERIFIED, https://pianoforte-partnership.eu/verified/

Most of the project is Al-based. For further details see project description.

LutADose, https://pianoforte-partnership.eu/lutadose/

LutADose will use deep learning for scatter estimation in projection space and deep learning
for image-to-image denoising.

In summary, 5 out of 9 funded projects will use Al based methodologies for different relevant
aspects and approaches, partly central in their approaches.

3.20pen call 2

The same evaluation based on the survey as indicated before had been done for the 2" open
call. The results are as follows:

CORNET, https://pianoforte-partnership.eu/cornet/

CORNET will not use Al methods itself, but the large datasets generated from proteomic
analyses —including extracellular vesicles, intracellular proteomes, and plasma protein
profiles — as well as transcriptional responses, can be integrated and used to develop
molecular response models using Al-based approaches in future studies.

MIRAMARE, https://pianoforte-partnership.eu/miramare/

MIRAMARE will do Al-related data mining and data analysis.

DOSELIA, https://pianoforte-partnership.eu/doselia/
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The project will develop a new Al-based software prototype capable of providing rapid and
accurate whole-body dose distributions. This software will include modules for assessing
doses from therapeutic irradiation (photons and protons) and imaging processes (planning
and positioning), as well as risk prediction models for subsequent primary cancers. The study
will develop and validate the algorithms using existing research infrastructures and data,
particularly from the EU-funded HARMONIC project.

Empathy, https://pianoforte-partnership.eu/empathy/

Al might be used in the future (e.g., Natural Language Processing), depending on how the
project goes.

As a summary, 3 out of 8 projects will have Al-related aspects for sure, 1 out of the remaining
5 might use Al at a later stage.

3.30pen call 3 and PhD funding

As mentioned above, in the 3™ open call there has been a dedicated call topic for the use of
Al in emergency preparedness. This call topic is addressed by the following project:

CIThARA, https://pianoforte-partnership.eu/cithara/

The project will investigate and exploit Al technologies to enhance specific domains related to
Emergency Preparedness and Response (EPR) for nuclear or radiological accidents and
incidents. In particular, CIThARA aims to leverage Al for improving computational modelling
systems and for promoting citizen participation through the integration and exploitation of
citizens’ radiological measurements. CIThARA also aims to explore ways of increasing public
trust in applications of Al in the process of nuclear or radiological EPR.

Furthermore, the following projects selected for funding under the 3 open call will also apply
Al for their purposes.

MULTIPLEX, https://pianoforte-partnership.eu/multiplex/

The project will integrate advanced computational technologies, like artificial intelligence (Al)
and Bayesian machine learning, to address knowledge gaps and improve predictive models in
the framework of an integrated approach for ecological risk assessment and management
regarding environmental exposure of aquatic ecosystems to ionizing radiation, chemical
mixtures, and thermal stress.
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FORRCE, https://pianoforte-partnership.eu/forrce/

The project includes Al components to enhance the modelling of radiation-induced biological
damage.

PRESTO, https://pianoforte-partnership.eu/presto/

Al will be used to support data analysis, hypothesis testing and methodological development
within a research and prototype framework, contributing to the project’s overall predictive
and quantitative capabilities.

LCA4NORM, https://pianoforte-partnership.eu/lca4norm/

Al will be used for data mining.

In summary, out of the 6 funded projects, 1 is totally based on Al-use and 4 intend to include
Al tools in their methodology.

Within the PhD internal funding call some of the funded projects also especially deal with Al
related aspects or even address specifically, e.g., safe use of Al based methods. There are not
yet final data on how many of the PhD projects are related to Al, as the survey results are not
yet final.
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4. Recommendations for implementation of Al based methods in
future research calls (within PIANOFORTE and beyond)

Al based methods are well suited for some aspects of radiation protection and the
corresponding research. In some areas like in medical applications of ionising radiation Al
based methods offer promising opportunities for reduction of exposure to patients. However,
the potential use of Al based methods for patient relevant procedures needs quite a bit of
quality assurance and safety measures to ensure that the diagnostic or therapeutic intention
is not affected in a negative way. That means, that while the use of Al is obviously broadly
tested in medical applications it is a necessity for radiation protection to have useful quality
assurance and safety measures developed. This is a central cornerstone in modern medical
radiation protection and needs to be elaborated on European level as part of radiation
protection research. Also, in the framework of emergency preparedness and response, as well
as in all aspects of radiation protection research that includes modelling and prediction in
general and more specifically e.g. forecasting or inverse modelling, consequence assessment
and decision-making, Al may play an important role in the future and should be highlighted in
radiation protection research calls. Although Al is not that broadly used in these fields yet, it
may offer great opportunities for faster prediction, e.g., of radionuclide distributions or similar
relevant parameters, e.g. for improved environmental monitoring and for decision making
under complex situations. If Al based methods are supposed to be used for such purposes it
would also be mandatory in these aspects to develop suitable quality assurance measures for
such use. For all kinds of relevant and meaningful use, large data sets are required. These have
to be quality assured in the sense that they are well documented in terms of how they are
generated and what they do contain, etc. Corresponding infrastructures need to be available.

Based on that the following recommendations are proposed:

e Data storage/management infrastructures and high-performance computing (HPC)
infrastructures are required for the development of Al-based applications (e.g., for deep
learning or for generative Al applications). Therefore, access to these must be provided or
funded accordingly. PIANOFORTE includes a dedicated WP for access to infrastructures that
may cover the Al-application needs in some radiation protection sectors. If this is not sufficient
for other sectors in terms of data storage or HPC capacities, additional funding for
infrastructure access should be foreseen on a project level to facilitate the adoption of Al in a
wider range of radiation protection research. Data bases related to radiation protection in
different areas might contain medical imaging data, therapeutic response data, data relevant
for radionuclide distributions either from model predictions or from environmental monitoring
networks and citizen measurements, e.g., in emergency situations, radiation biology data,
epidemiological data etc. The most important aspects which need to be clearly addressed are
the data management policies (including the adoption of the FAIR principle), the required
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documentation and the quality assurance of such data sets. Some of such data infrastructures
already exist or are being set up at the moment as, e.g.,, in the EUCAIM project
(https://cancerimage.eu/) in the medical sector.

Al based methods are a promising approach to reduce patient exposure and in that context
also staff and care persons exposure for medical applications. Some dedicated tools should be
developed in the future by the radiation protection research community. Even more important
is that the radiation protection research community develops quality assurance procedures
for the safe use of Al in medical applications of ionising radiation to prevent detriments in
diagnostic accuracy or therapeutic efficiency. Predictive tools for sensitivity to radiation
therapy might also be a promising approach for avoiding unnecessary radiation exposure for
patients.

Al should be further evaluated as a method to develop tools suitable for fast predictions,
improved environmental monitoring, consequence assessment and decision-making on
protective action strategies in nuclear emergency response frameworks, as well as for all kinds
of processes where models are used in radiation protection and corresponding research.

This includes speeding up or improving Monte Carlo simulations for all kinds of radiation
related topics with Al techniques. In the same sense, Al based methods can be developed to
improve or newly develop dosimetric approaches, e.g., for staff dosimetry or online
optimisation of therapeutic planning etc. Also, in these contexts clear approaches for quality
assurance have to be developed.

Researchers interested in all kinds of radiation protection research questions should have the
opportunities wherever feasible to use Al based methods in their research, however it should
be made very clear that just using Al based methods to use Al might not be helpful. In research
areas like environmental physics, radiation biology and radiation or imaging physics as well as
dosimetry, etc., an understanding of the basic mechanisms is mandatory to apply Al based
methods in a meaningful way. If there are not sufficient data for developing a useful and
meaningful Al tool it should not be mandatory to use Al based methods. Still, it is clear that Al
applications in most of the radiation protection are in its infancy, and efforts should be done
to facilitate and push the exploration of Al in research projects.
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