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Executive Summary

The objective of this deliverable is to outline foreseen technologies from partners across Work Packages 2, 3,
4, and 5 within the project. A structured table has been assembled, encompassing essential details such as
purpose, description, expected inputs and outputs, and the likelihood of utilization for each technology. This
table's architecture was initially conceived and organized internally at VTT, with subsequent refinement
incorporating feedback from partners. Following collaborative discussions and iterative enhancements, the
final version of the table was disseminated to all relevant partners via the project drive by INESC TEC
(drive.inesctec.pt/). A transparent and inclusive review process was conducted, wherein partners were
encouraged to provide input on technologies they are considering for implementation. An input gathering phase
was facilitated through clear instructions and column descriptions provided to partners. This approach resulted
in the acquisition of 46 inputs, contributing to the development of the initial technology list. 22 out of 46
technologies are likely to be utilized by the partners in the project. This compiled list of technologies functions
as a strategic roadmap for the consortium when defining requirements and specifications of the project.

Disclaimer

The content of the publication herein is the sole responsibility of the publishers and it does not necessarily
represent the views expressed by the European Commission or its services.

While the information contained in the documents is believed to be accurate, the authors(s) or any other
participant in the PHASE-IV-AI consortium make no warranty of any kind with regard to this material
including, but not limited to the implied warranties of merchantability and fitness for a particular purpose.

Neither the PHASE-IV-AIl Consortium nor any of its members, their officers, employees or agents shall be
responsible or liable in negligence or otherwise howsoever in respect of any inaccuracy or omission herein.

Without derogating from the generality of the foregoing neither the PHASE-IV-AI Consortium nor any of its
members, their officers, employees or agents shall be liable for any direct or indirect or consequential loss or
damage caused by or arising from any information advice or inaccuracy or omission herein.

Copyright message

©PHASE-IV-AI Consortium, 2023-2026. This deliverable contains original unpublished work except where
clearly indicated otherwise. Acknowledgement of previously published material and of the work of others has
been made through appropriate citation, quotation or both. Reproduction is authorised provided the source is
acknowledged.
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1. Introduction

PHASE IV Al aims to provide and validate a comprehensive set of scientific and technological results and
make them accessible as services through the PHASE IV Al Health Data Hub. Beyond the mere aspects of
research beyond the State of the Art (SotA) technology, the accessibility and applicability of the technological
results are key aspects for competitiveness of the European Health industry, citizens, and health care providers.
Health systems benefit from a swift uptake of innovative health technologies and services.

PHASE 1V Al utilizes an agile approach within research by implementing results as Data as a Service (DaaS),
WP3; Model as a Service (MaaS), WP4; and Health Data Hub, WP5. The DaaS concept provides innovative
robust tools for privacy enhancing technologies including de-identification and data synthetization methods
which are core technologies of PHASE IV Al. The MaaS concept in WP4 develops Machine Learning (ML)
methods for privacy-preserving ML workflows using data residing in hospitals and private healthcare
institutions utilizing the data and privacy enhancing technologies developed within the DaaS concept at WP3.
The Health Data Hub is foreseen as the entry point for data search, request, and exchange, facilitating scaling
up the DaaS and MaaS technologies developed at WP3 and 4 for project use cases managed at WP6.

Identifying potential SotA technologies from partners and literature provides the basis for the whole project
and provides a good starting point for the whole consortium collaboration over work packages. To this end,
foreseen technologies are gathered within overall processes of WP2, WP3, WP4, and WP5. The solutions
developed with these technologies will be tested and validated within WP6 use cases.

1.1 Purpose of the document

The main purpose of this document is to present an initial assessment of potential SotA technologies that are
relevant to the project. This assessment is facilitated by the inclusion of promising technologies identified
through collaboration with partnering institutions. The goal is to establish a robust foundation for the
consortium's collaborative efforts by pre-identifying core technologies to be integrated across the
corresponding technical work packages (WP2 to 5) and ensure their alignment with the established WP6 use
cases.

To achieve this objective, an initial technology list was compiled in the shape of a table to describe purpose,
description, what is expected as input-output, likelihood of usage in the project, and reference of the initially
identified technologies. This table will act as a reference document when the technological partners begin their
implementations.

1.2  Structure of the document

The deliverable is structured as follows:

Chapter 2 provides information related to the initial technology list. It includes the technology collection phase,
the gathered information, i.e., table columns and their descriptions, and an overall analysis. Chapter 3
summarizes key points and how the reported work will fit the project workflow. Chapter 4 provides an empty
table template. Finally, chapter 5 includes technology table columns and descriptions as presented in the table
template.

Copyright © PHASE-IV-AI Consortium. All rights reserved. 6
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1.3  List of Acronyms

List of Acronyms

SotA State of the Art

DaaS Data as a Service

MaaS Model as a Service

ML Machine Learning

ETL Extract, Transform, and Load
GPU Graphics Processing Unit
SQL Structured Query Language
OHDsI Observational Health Data Sciences and Informatics
EHR Electronic Health Record

CT Computed Tomography

MRI Magnetic Resonance Imaging
ucC Use Case

Copyright © PHASE-IV-AI Consortium. All rights reserved. 7
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2. Initial Technology List

A table has been compiled summarizing foreseen technologies from WP2, WP3, WP4, and WP5 partners. The
table includes details on the purpose, description, expected inputs and outputs, and the likelihood of each
technology being used in the project, as well as links to official documentation.

2.1 Initial Technology Review

The initial task of T2.5 was to collect technologies which partners are aiming to use in PHASE IV Al
implementations. For that we applied this simple technology review. For the review a data collection table was
defined by VTT. Based on the initial discussions at WP2 bi-weekly meetings many partners were still waiting
for the definitions of use cases from WP6 before they could have detailed information about used technology.
For this reason and as this was the initial review, the collection titles were left on high level as definition of
use cases and initial requirements of them were still open at the time of the collection. After initial formulation
of the collection table the final titles were agreed in collaboration with WP2 partners with WP2 internal review
and discussion at WP2 bi-weekly meetings. In addition, a separate support work sheet was created describing
every column in the table.

The final version of the spreadsheet was uploaded to the project drive as a living document. WP2, WP3, WP4,
and WP5 partners were informed about this table, and they were requested to provide input on it if they are
developing any technology on the project. To achieve as complete input as possible additional dedicated
instructions on how to fill the table were sent to the partners. The content was close to the same as what was
in the support sheet. Additionally, VTT filled its own initial entries as an example to clarify the type of
technology and inputs expected from the partners.

The columns of the collection table are described in detail in Section 2.2. The reasoning to include the specific
topics in columns described in Section 2.2 was focusing to generate a wide initial view on technologies used
at first phase of the project. This evaluation considered the project’s objectives, the potential value of the input
for achieving these objectives, and the feasibility of collecting the input at early stages of the project. Project
had other similar types of collections ongoing in other WPs for which reason VTT decided to keep this
collection as simple as possible and focused on basic input types. The aim is that the list is updated throughout
the project and a detailed final technology review will be applied with it at the last phase of the project and
will be reported with D2.6.

A one-and-a-half-month duration was given to partners to fill their input for the document at the initial
technology review. A total of 46 inputs were gathered from the partners by the given deadline and those are
the basis of the technology list described here.

2.2  Table Column Descriptions

Here are the descriptions of each column of the table (first sheet of the excel document):

= Partner: Name of the partner(s) using the technology.

= Task: Which task is the technology related to? For example, T3.1 or T4.3. Please note that task number
also includes WP number.

= Title: Name of the tool/technology/solution, what is the title of the package, library, software, solution.

= Purpose: Purpose of the technology, e.g., Interacting with users, generating data, predicting disease
outcome, or segmentation of images.

= Language: Programming language(s) or related code language, e.g., Python, R, or C++.

= Source: Public repository (if available). Link to source repository or homepage of the technology.

Copyright © PHASE-IV-AI Consortium. All rights reserved. 8
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Input: What the technology uses as input in any of its forms. For example, user interaction with Ul, MRI

images in nifty/DICOM format, tabular data, or specific data format like pandas/R data frames.

= Output: the format/style of output. For example, visualization on Ul, single indicator value, table of
probabilities, MRI volumetric segmentation, binary mask of detected area, or a specific file format.

= Likelihood of usage: This is very important information for T2.5 in order to define the initial approaches.

Classification (1-4) of technology how probably it will be used:

1: The best option, the first choice to start with.
2: The second-best option.
3: Possible but only after testing other options first.
4: Plausible, might be used if Use Case (UC) and data fits.
= Specifications: Short description on how technology will be used at PHASE IV Al.

= License: License (if available) such as MIT, Apache, GNU, or CC BY-NC-ND.
= Reference: Homepage link or Publication DOI to the technology documentation (if exists).

2.3 Initial Technology Table

The complete table contains a total of 46 listed technologies collected from the technology partners within
PHASE IV Al. The Figure 1 shows some of the provided entries.

Here we provide a summary analysis of the table content.

Partner Task Title Purpose Language Source Input Output | Likelihood of usage Specifications License Reference

Prediction,

Survival analysis, Tabular data:
L https://github.co e : gausal Temporai will be used
T6.2 4 treatment effects Static, Time | inference, ] .
uTU Temporai . ) Python m/vanderschaarl _ ; 3 for time series and :
T6.3 and time-series N series, and time-to- 3 . license 12260
Goe ab/temporai R survival data analysis
prediction Survival event

analysis

Apache-2.0 | https://arxiv.org/abs/2301.

Framework to train,
validate and deploy

deep neural networks
3D Volume R

data (images,
https://github.co | masks) and
EUT 132,133 Pytorch Training Al models Python m/pytorch/pytorc| potentially
h tabular data
(including
text)

to generate synthetic
CT volumes and
Synthetic predict lung cancer Modified
volumes evolution in medical BSD
imaging. Generative
DNN: Latent Diffusion
Models, also
backbone
transformers (DiT FiT)

https://pytorch.org

Figure 1: Example of inputs in the initial technology table.

Technology entries are dispersed across multiple work packages. The intended usage area of these technologies
includes WP3, WP4, WP5, and WP6. It is reported that 27 technologies are planned to be used in WP3, 26 in
WP5, 18 in WP4, and lastly, 12 in the WP6 workflow. This distribution aligns with the overall project
workflow, because WP3, WP4, and WP5 are technical work packages that heavily rely on variety of
technologies and tools.

The purposes of the technologies listed in the table, and the areas where these technologies are intended to be
used, span a wide range of application areas. These technologies can be categorized into the following
categories:

e Trustworthiness and quality assessment.
e ML and predictive models.
o Data privacy and security.

Copyright © PHASE-IV-AI Consortium. All rights reserved. 9
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o Data infrastructure and management.

o Data synthesis and de-identification.

o Data standards and data vocabularies.

e Imaging and visualization of data.

o Database and extract-transform-load-tools (ETL).

o Parallel computing and graphics processing unit (GPU) acceleration.
e Secure processing environment.

As for technology implementation languages, Python is the most planned among the tools and technologies
intended to be utilized by partners. C/C++ and Java programming languages follow Python. Solidity and Go
programming languages are also present in the table. Finally, there are technologies that are implemented or
make use of Structured Query Language (SQL), VHDL/Verilog, Bash shell scripting, and C# family
languages.

30 out of 46 technologies reside in the GitHub repository, indicating that most of the technologies or tools are
open source. 10 out of 46 of these technologies include web pages and documents corresponding to
specifications or data model descriptions. Some of the available technologies have not been open-sourced,
either because the research is still ongoing or because it is an internal tool.

Well-known specific libraries and frameworks, such as OpenCV or CUDA libraries, are also present in the
table. Finally, resources from the Observational Health Data Sciences and Informatics (OHDSI) are mentioned,
referring to OHDSI’s tools and standards in healthcare data management.

Inputs for initial technologies also differ variously. Most common input can be mentioned as tabular data which
includes synthetic data. Some of the tabular data are static, while others are time series or survival data.

Clinical and Health Records Data are also present as input of technologies, which includes electronic health
records (EHR) in general. Some technologies are also adapted to use 3-D Imaging data from computed
tomography (CT) or magnetic resonance imaging (MRI) scans as input.

The outputs of the initial technologies consist of various types, which can be summarized into the following
categories:

o Data analysis results, including uncertainty, novelty measures, and results of the analysis.

o Data transformations, which include de-identified text, image, and tabular data, as well as synthetic
EHRs, synthetic tabular data, and transformed data.

o Data evaluation metrics, which include metrics for evaluating the distribution across dimensions,
correlations among features, and the performance of the model.

e Imaging data processing, which includes image labeling, transformed files from DICOM to NifTlI
formats and vice versa, and harmonization of images.

The analysis of the likelihood of usage indicates that most technological partners have a best or second-best
option technology in this project. 22 out of 46 technologies are indicated as the best option for a technology
partner to use in the project, whereas 19 out of 46 technologies are indicated as the second-best option. 4
technologies are reported as possible use, but only after testing the other options. Finally, 1 technology is
reported as plausible and might be used if the use cases and data fit.

In terms of licenses available in the initial technology list, the Apache License and MIT licenses appear
multiple times. In addition, there are proprietary/commercially licensed technologies available. Finally, GNU
and BSD licensed technologies, which have open-source licenses and commercial restrictions, are also present.

Copyright © PHASE-IV-AI Consortium. All rights reserved. 10
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3. Conclusions

The timing of this deliverable is in the early stage of project solution development and various aspects are still
under planning at the time of writing. Due to this, the technology list and assessment that are presented in this
deliverable provide only an initial view of the technologies and expertise of the technology partners of the
project. Thus, it provides foundation for the consortium’s collaborative efforts and technological aspects to
create new solutions to be validated with the three use cases of the project.

This deliverable describes an initial technology list utilized to collect the technologies with detailed breakdown
of each technology, including its purpose, a concise description, the anticipated inputs and outputs, its projected
applicability within the project’s scope, and a corresponding reference. The collected table will serve as a
valuable guide for technological partners as they initiate the implementation phase and when deciding which
technologies to use and provide content for the Health Data Hub developed at WP5.

The technologies encompass various domains, such as trustworthiness and quality assessment, machine
learning and predictive models, data privacy and security, data infrastructure and management, data synthesis
and de-identification, data standards and data vocabularies, visualization of data, database and ETL tools,
parallel computing, GPU acceleration, and lastly, secure processing environment. In terms of technology
implementation languages, Python is the most prevalent, followed by C/C+ and Java. Most of the initial
technologies reside in GitHub, indicating that most of the technologies are open source. This open-source
nature of the technologies promotes transparency, collaboration, and continuous improvement, crucial for the
project's success.

In conclusion, this technology list serves as a roadmap for the consortium, guiding the integration of promising
technologies into the project. It is expected that the information and insights provided in this document will
facilitate the successful implementation of the project’s objectives and contribute to the achievement of a
robust implementation phase.

Copyright © PHASE-IV-AI Consortium. All rights reserved. 11
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4. Annex A: Technology table template

This annex is intended to show an empty technology template that was filled with inputs from technology
partners.

Partner| Task Title Purpose Language Source Input Output | Likelihood of usage Specifications License Reference

Annex A. Empty technology table template.

Copyright © PHASE-IV-AI Consortium. All rights reserved. 12
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5.  Annex B: Technology table columns and descriptions

This annex is intended to provide table column names and descriptions of the initial technology list.

Column Name

Description

Partner Name of the partner(s) using the technology.
Which task is the technology related? For example T3.1, T4.3 etc. Please note that
Task -
task number includes also WP number.
=5 Name of the tool/technology/solution, what is the title of the package, library,
= software, solution.
p Purpose of the technology, where the technology is used: Interacting with users,
urpose
B generating data, predicting disease outcome, segmentation of images etc.
Programming language(s): which code language is implemented or related,
Language
python, R, C++ etc.
g Public repository (If available). Link to source repository or homepage of the
o technology.
What the technology uses as input: User interaction with Ul, MRl images in
Input nifty/DICOM format, tabular data, specific dataformat like pandas/R data frames
etc.
Output: what is the format/style of output: visualisation on Ul, single indicator
Output value, table of probabilites, volumetric segmentation of MRI images, binary mask

of detected area, specific file format etc.

Likelihood of usage

This is very important detail for T2.5 so that initial approaches can be defined

Classification (1-4) of technology how probably it will be used:
1: The best option, the first choice to start with,

2: The second best option,

3: Possible but only after testing other options first,

4: Plausible, might be used if UC and data fits.

Specifications

Description: short description how technology is used at PHASE IV Al.

License

License if available (MIT, Apache, Commercial, None, etc).

Reference

Homepage etc link or Publication DOI to reference describing related to the
technology if exists. Publication in preparation phase.

Annex B. Technology table columns and descriptions.

Copyright © PHASE-IV-AI Consortium. All rights reserved.
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6. Annex C: PHASE IV Al initial technology list

Annex C. PHASE IV Al initial technology list

Copyright © PHASE-IV-AI Consortium. All rights reserved. 14
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