CEN
CWA 18211

WORKSHOP

April 2025

AGREEMENT

ICS 35.240.50

English version

Reference Architecture for Al solutions' application within
process industry - The s-X-AIPI experience

This CEN Workshop Agreement has been drafted and approved by a Workshop of representatives of interested parties, the
constitution of which is indicated in the foreword of this Workshop Agreement.

The formal process followed by the Workshop in the development of this Workshop Agreement has been endorsed by the
National Members of CEN but neither the National Members of CEN nor the CEN-CENELEC Management Centre can be held
accountable for the technical content of this CEN Workshop Agreement or possible conflicts with standards or legislation.
This CEN Workshop Agreement can in no way be held as being an official standard developed by CEN and its Members.

This CEN Workshop Agreement is publicly available as a reference document from the CEN Members National Standard Bodies.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

© 2025 CEN  All rights of exploitation in any form and by any means reserved worldwide for CEN national Members.

Ref. No.:.CWA 18211:2025 E



CWA 18211:2025 (E)

Contents Page
EUTOPEAN fOTE@WOTIM ...cviiiiesesesassssssssssssssssssssssssssssassssssssssssssssssssssssasasasasssss s sssssssssssssasassnas nsn s snsssssesmsmsssasasssassnnsnssssanans 3
00U 010 L1 o 0 5
1 LY 6 0 6
2 (0] 0 00 B T Q= ) (=) 4 U X 6
3 Terms and defiNitioNs ... ———————————————————————— 6
4 Background and General ViSION ......umsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasas 6
4.1 Project ODjJeCtiVeS. ..o s s s s s sssmsssas s s s s s sn s s s sesesmsasas s s s e s s nn s es 6
4.2 The MAPE - K Methodology ......comnmmsmmmmsmsisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassss 7
4.3 PN D E U T o 0 =Y 10 L, 9
5 Relevant Reference ArChifeCtures.....usssssssssssssssssssssssss s ssssssasasasasssssas 10
51 FIWARE fOr INAUSEIY c.ucoiininsniiiassmssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasasassssssssssssssssssssssssssasasasasses 10
52 Reference Architectural Model Industrie 4.0 (RAMI 4.0).....cccoinmmmmmmmmmmmmmsmsmsssssssssssssssssssssssses 14
53 Big Data Value Association (BDVA) ... sssssssssssssssssssssasssssssses 19
54 Industrial Internet Reference Architecture (IIRA) ... 22
5.5 International Data Space Association (IDSA) ... 26
5.6 00N o 3 30
5.7 L0 20 D00 ). 31
5.8 Other relevant iNitlatiVes... . —————————————— 34
6 S-X-AIPI Reference Architecture and Implementation ........———————— 42
6.1 Reference ArchiteCtUre.. .. s 42
6.2 Mapping of the s-X-AIPI REQUITEMENTS....c.cocuiiimmismrismsisssmsmsmssssssssssssssssssssssssssssssssssasssssssssssssssssssssses 46
6.3 Reference IMplementation.. ... s sssssssssssssssasssssssssss 53
13310) 10T e3 021 0] 1 /2, 60



CWA 18211:2025 (E)

European foreword

This CEN and CENELEC Workshop Agreement has been developed in accordance with the CEN-CENELEC
Guide 29 “CEN/CENELEC Workshop Agreements - A rapid prototyping to standardization” and with the
relevant provisions of CEN/CENELEC Internal Regulations - Part 2. It was approved by a Workshop of
interested party representatives on 2025-02-14, the constitution of which was supported by CEN and
CENELEC following the public call for participation made on 2025-01-08. This CEN and CENELEC
Workshop Agreement does not necessarily include all relevant stakeholders.

The final text of the CEN Workshop Agreement was provided to CEN for publication on 2025-04-18.

Results incorporated in this CWA received funding from the European Union’s Horizon Europe research
and innovation programme under grant agreement No 101058715.

The following organizations and individuals developed and approved this CEN Workshop Agreement:
— AIMEN - Andrea Fernandez

— AUDERTIS - Agustin Lopez

— BFI - Zeinab Kargar, Petri Kannisto and Bernd Kleimt

— CARTIF - Daniel Gémez (Chair), Anibal Refiones, Cristina Vega and Laura Sanz Martin
— CEN/TC 310 - Steven Carter

— CNA, SBS - Fabio Massimo

— DEUSER - Manuel Alcala and Ignacio Alberto Fontal Patac

— d-fine GmbH - Sabine Matysik and Marina Mukhamadieva

— ENG - Marta Calderaro, Mattia Giuseppe Marzano and Sabrina Verardi

— Fraunhofer Institute for Building Physics IBP - Katja Breitenfelder

— Research Center Pharmaceutical Engineering (RCPE) - Elizabeth Fink, Michael Pdlzl and Josef
Tausendschon

— NISSA - Nenad Stojanovi¢
— Politecnico di Milano (POLIMI) - Walter Quadrini and Francesco Alessandro Cuzzola
— Spanish Association for Standardization (UNE) - Amanda Suo

Attention is drawn to the possibility that some elements of this document may be subject to patent rights.
CEN-CENELEC policy on patent rights is described in CEN-CENELEC Guide 8 “Guidelines for
Implementation of the Common IPR Policy on Patent”. CEN shall not be held responsible for identifying
any or all such patent rights.

Although the Workshop parties have made every effort to ensure the reliability and accuracy of technical
and nontechnical descriptions, the Workshop is not able to guarantee, explicitly or implicitly, the
correctness of this document. Anyone who applies to this CEN Workshop Agreement shall be aware that
neither the Workshop, nor CEN, can be held liable for damages or losses of any kind whatsoever. The use
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of this CEN Workshop Agreement does not relieve users of their responsibility for their own actions, and
they apply this document at their own risk. The CEN Workshop Agreement should not be construed as
legal advice authoritatively endorsed by CEN/CENELEC.
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Introduction

Artificial Intelligence (Al) is increasingly recognized as a pivotal force in the industrial digital revolution,
complementing advancements in data handling and robotics. Al applications, characterised by simplified
interfaces, are designed to be robust and maintainable without the need for a highly specialized
workforce. This accessibility extends the functional life of Al applications and reduces the expertise
required for their operation.

The EU Horizon s-X-AIPI project aims to research, develop, test, and validate a bespoke suite of
trustworthy self-X Al technologies tailored for process industries. This project, funded by the EU Horizon
programme, seeks to bridge the gap between Al capabilities and traditional automation processes,
ensuring that Al tools are both accessible and effective across various industrial applications. The core
objectives of the project include providing state-of-the-art Al-based sustainability tools to existing
process industries and their workforce, enhancing the longevity and user-friendliness of Al applications
to minimize reliance on specialized technical skills, and deploying trustworthy Al technologies effectively
within process industries (Figure 1 represents the s-X-AIPI main objective concept).
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Figure 1 — s-X-AIPI main objective concept

At the heart of this project lies the integration of Al with an Autonomic Manager, utilizing the MAPE-K
framework (Monitoring, Analyzing, Planning, Execution over a shared Knowledge base) to foster the
development of self-improving Al systems. This approach facilitates a practical "learning by doing"
model, where continuous adaptations enhance the system's efficacy in real-time applications. The project
is distinguished by its incorporation of an Al data pipeline equipped with autonomic computing
capabilities, designed to support four realistic use cases in the process industry sectors of asphalt, steel,
aluminum, and pharmaceuticals.

A significant aspect of the s-X-AIPI toolset is its focus on accommodating the diverse skill levels of
workers, integrating self-adaptation capabilities that respect and enhance the human-in-the-loop role.
This ensures that the Al technologies developed are not only advanced but also aligned with the practical
needs and profiles of the workforce involved.

The primary outcome of the s-X-AIPI project is to cultivate a portfolio of Al technologies that are
trustworthy and integrated into an open-source toolkit for widespread industrial and research
application; Autonomous, minimizing the need for human intervention in the development and
operational processes; And broadly integrated across actual process industry value chains,
demonstrating the versatile applicability of the developed technologies.
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1 Scope

The scope of this CEN Workshop Agreement (CWA) is to define a Reference Architecture for the
integration of Al technologies in process industries. This Reference Architecture aims to provide a
comprehensive framework for implementing Al technologies across various sectors within process
industries, establish guidelines for the adoption of advanced autonomic management systems, and
ensure compatibility with existing European standards while fostering innovation.

The Reference Architecture contextualises the MAPE-K methodology, analyses relevant existing
frameworks (including RAMI 4.0, [IRA, FIWARE, IDS RAM 4.0, BEinCPPS, and CAPRI), and addresses
specific industrial implementation scenarios.

The scope limitations are as follows:

e The CWA does not develop requirements related to machinery safety.
o Safety-related requirements are outside the scope.

¢ Thedocumentis intended to be informative, complementing rather than replacing existing standards
and mandatory production procedures.

2 Normative references

ISO/TS 15066:2016, Robots and robotic devices — Collaborative robots

CWA 17553:2020, Community face coverings — Guide to minimum requirements, methods of testing and
use

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TS 15066:2016 and
CWA 17553:2020 apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.isc.org/obp/

— IEC Electropedia: available at https://www.electropedia.org/

4 Background and General Vision
4.1 Project Objectives

The impact of Artificial Intelligence (AI) is highly recognised as a key driver of the industrial digital
revolution, alongside data and robotics. Al tools and applications are needed with simplified interfaces
that do not require a highly skilled workforce, exhibit longer useful life and require less specialised
maintenance.

The overall objective is to research, develop, test, and experiment an innovative toolset of custom
trustworthy self-X Al technologies and applications. The specific technical objectives are:

e Provide existing process industries and their workers with state-of-the-Art Al-based sustainability
tools.

e Ensure longer useful life of Al applications, deploy simplified interfaces without requiring a highly
skilled workforce, and require less specialised maintenance (applications with minimal human
expert intervention).


https://www.iso.org/obp/ui
https://www.electropedia.org/
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