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University of Groningen Research & Educational
Activities on Human-Centred Industrial AI

humaine-horizon.eu

ai4work.eu
Co-designing human-centric pathways for future skills in 

manufacturing through augmented, empowered, 
inclusive, and symbiotic complementarities between AI, 

automation, and human tasks

An agentic, multi-layer, GenAI-powered backbone to make an 
AI system explainable, accountable, and transparent.

STAR-AI.EU

Safe and trusted human-
centric AI for manufacturing

ELSA4TI: Ethical, Legal and Social Aspects of AI for Technical Industry

https://skillaibility.eu

SMART INDUSTRY OPERATIONS course: 
https://www.ai4europe.eu/education/education-catalog/smart-industry-operations

humaine-horizon.eu
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Maintenance you can trust

ISO/IEC TS 5723 – systems’ trustworthiness Human factors and skills Best of both data and knowledge
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Trustworthiness

Trust: relational between trustor- trustee

•Misplaced trust
oTrusting non-trustworthy suppliers for your assets

oTrusting in non-trustworthy assets

•Failure to win trust
oFailing to gain trust (for an asset, a process, a person), despite being trustworthy

ISO/IEC TS 5723 – trustworthiness

Trustworthiness is the ability to 
meet stakeholders' expectations 

in a verifiable way

• Attribute applied to infrastructure, 
services, products, technology, data 
and information, as well as, to 
organizations
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Smart Industry – SIRI Index

• Created by the Singapore Economic Development Board (“EDB”) 

in partnership with leading technology companies, consultancy 

firms, industry and academic experts

• SIRI was developed to address the adoption of Industry 4.0 

challenges by equipping the companies with practical knowledge 

about:

• What Industry 4.0 is and the tangible benefits it could yield; 

• The maturity levels of their organizations and facilities; and 

• How they can improve in a targeted and incremental 

manner.

Source: Smart Industry Readiness Index: 
The Prioritisation Matrix, EDB Singapore, 2019 / incit.org  
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Trustworthiness and meeting stakeholder’s 
expectations: what are they?

Source INCIT:
The Global Smart Industry Readiness Index Initiative: 
Manufacturing Transformation Insights Report, 2025, DM 
Tech Academy, SMF, INCIT-

ISO 2240x and EN 62261-1:2013
Manufacturing Operations KPIs
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Trustworthiness questions

Business owner
• To what extent we can trust our operations to deliver on the business priorities? 

Customer support
• How to respond to a customers’ complain regarding our service?

Operations
• What is the single most important change that can improve performance (KPIs)?

• Have we followed SOPs / SMPs?

Auditors / regulators
• Have production processes and outputs been within regulatory boundaries? 

Tech/Info Officers?
• How can we have sufficient: robustness in our controls, accuracy on data reporting 

and predictions; and security in our system?
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Trustworthiness

• accountability 

• accuracy

• authenticity

• availability

• controllability

• integrity

• privacy  

• quality

• reliability  

• resilience

• robustness

• safety

• security

• transparency

• usability

ISO/IEC TS 5723  
trustworthiness
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Standards in 
Asset and Maintenance Management

Asset 
Management Maintenance

Facility 
Management

Performance
Management
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Overview of relevant maintenance and 
asset management  standards

Core -Processes 
Terminology

• ISO 55000

• EN 13306

• EN 17007

• ISO 2041

• ISO 13372

Management

• ISO 5500x

• EN 16646

• EN 17485

• EN 15331

Methods

• EN 15341

• EN 17385

• EN 16991

• ISO 22400x

• ISO-many CM

• prEN 17666

• EN 60300x

• IEC 60812

• EN 16602

• CEN TS 17385

Resources

• EN 13269

• EN 15628

• EN 13460

• ISO 18436x
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Maintenance within 
Asset Management

Position and role of maintenance within Asset 
Management: EN 16646

Implementation Guidelines: EN 17485

Asset 
Management

Standards
ISO 5500x

Maintenance
Standards

EN17007, EN15341, 
EN16991, EN13450, 

prEN 17666
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Data assets and decision - making

ISO 55013:2024 - Asset management — Guidance on the management of data assets

"Guidance on the management of data assets" is an international guidance standard, which provides guidance to 
organizations on factors to consider in increasing and sustaining the usefulness of data assets to meet asset 
management objectives, and by extension, organizational objectives.”

1. Factors and range of factors that can be generally applied to data across many types of assets in varied business contexts.

2. Definition of usefulness and guidance on how data assets become useful to an organization in relation to its objectives and in 
aligning asset management objectives with stated or unstated organizational objectives.

3. Definition of the types of value that data assets could hold and the types of stakeholders relevant to each type of value.

4. Alignment with other bodies of knowledge in relation to key terms such as data asset, asset data, , data quality, data governance.

Example, guidelines for: 

- Delivering value from data

- Alignment of data management with organizational objectives

- Data availability and lifecycle management of data

- Interoperability and digital preservation of data assets
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… and then came AI – but can we trust AI?

Source: Raza et al., (2025): VLDBench: Vision Language Models Disinformation Detection Benchmark, https://doi.org/10.48550/arXiv.2502.11361

• Yes, if we use eXplainable AI (XAI)

• Do you agree?

• We used to say that you can prove anything with statistics

• We may now say that you can explain anything with XAI

• Risk: trusting non-trustworthy AI-enabled systems !

• We need more than explanations => Trust/Trustworthiness
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STAR-AI.EU

Safe and trusted human-centric A for manufacturing

Is every application of AI in maintenance sound? 

Challenges
❖ Data obtained from maintenance activities are scarce: not enough 

to cover all contexts of maintenance decisions and actions

❖ Data may also be of poor quality or not properly annotated

❖ Technical complexity of systems increases

❖ Knowledge from experienced operators/workers becomes elusive

❖ Human roles / tasks are being transformed
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AI decision-making and 
Controllability of AI-enabled systems

ISO/IEC TS 8200: 2024

Information technology — Artificial intelligence — Controllability of automated AI systems

Controllability in engineering: the monitoring of system output to compare with expected output 
and taking corrective action when the actual output does not match the expected output

“Controllability is a technical prerequisite of human oversight of an AI system, so that the human-
machine interface can be technically feasible and enabled. The design and implementation of 
controllability should be considered and practiced by stakeholders of an AI system that can impact 
users, the environment and societies.”
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Differences between generic risk management 
and AI system impact assessment

ISO/IEC 42005:2025

AI system impact assessment, as opposed to general risk management, addresses reasonably 
foreseeable impacts of AI systems:

AI Impact 
Assessment

to a restricted set of parties: individuals, groups of individuals, societies and environment;

to uses of AI systems; 

not to overall governance/management: does not replace overall risk management

it becomes part of overall risk management
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NIST AI Risk Management Framework: 
Characteristics of Trustworthy AI Systems
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Trustworthiness and Risk

ISO/IEC 23894: Information technology — Artificial intelligence — Guidance on risk management 

External/internal context
(potentially affected stakeholders)

— the organization (itself);

— customers, partners and third parties;

— suppliers;

— end users;

— regulators;

— civil organizations;

— individuals;

— affected communities;— societies.
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Anyone can design, build, and operate 
AI-enabled maintenance systems (?)

STAR-AI.EU

Safe and trusted human-centric A for manufacturing
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Data-driven maintenance?

Sources: Network Rail, Xerox, [Autonom (Network Rail), Data-driven service innovation for 
large production-grade digital printers (Xerox International, Cranfield University)]
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Maintenance and data in context

Source: Emmanouilidis, C., et al., (2019),  
Enabling the Human in the Loop: Linked Data and 
Knowledge in Industrial Cyber-Physical Systems, 
Annual Reviews in Control

Context

Knowledge

Information

Data

Enhanced value

Data taken on 25/5/2019 from the 
4th 1/8th of mile of the track 
Waterloo to Southampton

Data indicates track quality 
deteriorates faster than expected. 
Send inspections team within a 
month for a non-routine inspection

Track quality affects performance; 
entering summer period with higher 
temperatures and increased 
transport load. We are performance-
driven: taking into account forecasts, 
resources, optimal decision to plan 
maintenance of specific track section 
the second week of June 2019  

Decisions in 
Context

Recommendations

Metrics / KPIs

Individual data

Replace part of track within 6 months
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Linking Data and Knowledge 
via Maintenance Ontologies

Example of context modelling on Maintenance Services for 
Xerox large scale production printers
Source: Gregori, M., (2019), MSc Thesis, Cranfield University

• ONTOLOGY model expresses the RELATIONS between Functions, Failures, Causes, 
Effects, Compensatory Measures, etc

A specific Failure Mode HAPPENS AT one 
particular Equipment (Asset)

A specific Failure Mode IS FAILURE OF 
one particular Function

e.g:

FUSING HOT NOT READY HAPPENS AT FUSER and is a FAILURE OF FUSING 
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Asset management competences

Business domain
Business  domain awareness
Demand forecasting
Asset requirements planning
Financial analysis
Formulating a business case
Asset budgeting

Technical domain
Technical knowledge of specific industry
Asset information systems
Awareness of current technical 
developments

Asset domain
Acquisitions management
Life cycle planning
Logistics
Risk, Reliability, Maintenance
Change

Projects / People domain
Project management
Negotiation
Communication
Team work
Personnel development
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GFMAM View on Asset Management

Strategy and Planning

Asset Management Policy 

Asset Management Strategy & Objectives

Demand Analysis

Strategic Planning 

Asset Management Planning 

Asset Management 
Decision Making

Capital Investment DecisionMaking

Operations & Maintenance Decision-Making 

Lifecycle Value Realisation 

Resourcing Strategy 

Shutdowns & Outage Strategy 

Lifecycle Delivery

Technical Standards & Legislation 

Asset Creation & Acquisition 

Systems Engineering 

Configuration Management

Maintenance Delivery 

Reliability Engineering 

Asset Operations 

Resource Management 

Shutdown & Outage Management 

Fault & Incident Response 

Asset Decommissioning and Disposal 

Asset Information

Asset Information Strategy
Asset Information Standards 
Asset Information Systems 
Data & Information Management 

Organisation and People

Procurement & Supply Chain Management
Asset Management Leadership 
Organizational Structure 
Organizational Culture 
Competence Management 

Risk and Review

Risk Assessment and Management 
Contingency Planning & Resilience Analysis 
Sustainable Development 
Management of Change 
Assets Performance & Health Monitoring 
Asset Management System Monitoring
Management Review, Audit & Assurance 
Asset Costing & Valuation
Stakeholder Engagement 

39 Asset Management Subjects
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STAR-AI.EU

Safe and trusted human-centric A for manufacturing

Human – AI synergies and action affordances

Source: Emmanouilidis, C. et al., (2021). Human in the AI Loop in Production Environments. Artificial Intelligence for Sustainable and Resilient 
Production Systems. IFIP APMS 2021. IFIP AICT, vol 633. Springer, Cham. https://doi.org/10.1007/978-3-030-85910-7_35

Engineering the Human – Systems Interaction: the application of principles, models, and techniques to system 
design, taking into account human capabilities and limitations (but this is a System Engineering perspective)

Context and Situation Awareness: human actors can be more effective when they act upon a shared context 
(“situational awareness”) of work activities. 

Human-AI synergy can be part of a “Collective activity” view of work environments. Emergent outcomes of 
Human + AI interaction can go beyond “augmentation/assistance” and impact on the action affordances. 

Affordance: denotes action possibilities provided to the actor by the environment

Human – AI teaming reshapes the action affordances of both humans and non-human (AI-enabled) actors
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Humans and AI

Human acts
with AI aid

Human acts  
without  AI aid 

Automated 
AI-enabled actions

Human-AI teaming
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Example of human-AI teaming

Human

decides on the optimization objectives 
of maintenance (and priorities)

AI

creates plans and schedules with 
given objectives (and priorities)
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Human – AI teaming: HumAIne project
https://humaine-horizon.eu

Active 
Learning



Maintaining the Future, 5 November 2025, Gasunie, WCM/Gasunie/NVDO

STAR-AI.EU

Safe and trusted human-centric A for manufacturing

Examples from RuG courses: RAG 
(Retrieval Augmented Generation)
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Sliding autonomy – Sliding Work Sharing
AI4Work project, https://ai4work.eu
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Sliding autonomy – Sliding Work Sharing
AI4Work project, https://ai4work.eu

AI4Work Concept
SWS - ATB

Request for

Action

(from human 

operator

or digital twin

or enterprise

system

or robot…)

Context 

Awareness 

BB

Confidence 

Level

Assessment

(=Runtime 

Monitoring

for 

trustworthy 

AI)

AI/Robot

(Pilot-specific)

Confidence/ 

uncertainty/ 

risk of AI

(robot?)

decides

Ask for

decision/action

Suggests a 

decision/

action

AI/robot

or

human?

Digital Twin

of human

?

Skills/competencies/

capabilities(?)

Uncertainty/situation(?) of 

human

SWS 

Management

BB

Actual 

Action
triggers Current 

context

Decision/action

by AI/robot

Karapanagiotis, P., Kottagaha W.M., K., Rovere, D., Bokhorst, J. A. C., Valdata, A., & Emmanouilidis, C. (2025). Enabling interoperable human–AI teaming for automation in construction and 
manufacturing via Digital Twins and Sliding Work Sharing ontologies. Journal of Industrial Information Integration, 48, 100962. https://doi.org/10.1016/j.jii.2025.100962



SkillAIbility Project -https://skillaibility.eu

Digital technologies and AI do not simply create or 
destroy jobs: they change what people do on the 
job, and how they do it, shaping job profiles.

Educational programs must adapt their 
methodologies to the evolving needs for skills, 
preventing/reversing inequalities, and promoting 
equal opportunities and inclusion for all.



AIXpert project: Agentic AI - aixpert-project.eu

Auditing and evaluation framework 
for human-centric AI

Of Interest

o Customer satisfaction and warranties

o Product and production safety and security / 
liabilities

o Workers’ safety / wellbeing

o Operators and workers assistance on the spot / 
training (SOP/SMP)

o Data sovereignty / governance

Solution options

o Grounding LLMs to domain knowledge

o Usage of Knowledge Graphs, capturing domain 
knowledge

o Retrieval – Augmented Generation (RAG) to 
optimise LLM output referencing domain-
specific knowledge
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STAR-AI.EU

Safe and trusted human-centric A for manufacturing

ELSA4TI: ELSA Lab for Technical Industry

Responsible AI requires handling its ethical (E), legal (L), 
societal and economic (S) aspects (A

ELSA4TI will target challenges for AI adoption in Dutch 
Technical Industry due to complex ELSA considerations. 

ELSA4TI aims at providing practical guidance and 
recommendations for industry and policy-making, with 
a clear ELSA landscape vision. 

AI-driven autonomy and humans in production and 
technical asset lifecycle management 

AI-supported manufacturing

AI in Manufacturing and Decision Support
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Broader relevant standards

Manufacturing Operations

Asset/Maintenance  
Management

ISO 22400x

EN 62261-1

ISO 550xx

EN 13306

EN 16646, …

Human Factors

ISO 9241x

PD ISO 45001

ISO 6385

BS 8611

ISO 10075-x

ISO 27500

AI / Automation

ISO/IEC TS4213

ISO/IEC 25058-9

ISO/IEC TS4202x

ISO/IEC 38507

ISO/IEC 23894

ISO/IEC TS 8200

ISO/IEC 42005

ISO/IEC 5338, 12781

ISO/IEC 42001

ISO/IEC TR 5469

ISO/IEC TR 24027

ISO/IEC TR 24028

ISO/IEC TR 24030

IEEE P700x, IEEEP339x

Quality and Trust

ISO/IEC 250xx

ISO/IEC TS 25058 (AI-
specific)

ISO/IEC TS 273
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Assessing benefits of standards at organization level

Understand Value Chain

Identify Impacts of Standards

Analyse Value Drivers and Operational Indicators

Measure Impacts of Standards
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AI Solution Spaces in Industrial Maintenance

https://star-ai.eu/star-auditing-framework-trustworthy-ai

ELSA dimension 

Operational dimension

Technical dimension

Source: https://doi.org/10.1016/j.ifacol.2023.10.1891

https://doi.org/10.1016/j.ifacol.2023.10.1891
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Preparing organisations and individuals 
for the AI skills of the present and near future

• Know your goals: can we target simultaneously operational, 
technical, and human-values oriented AI-system design spaces? 

• Learn to work with AI and AI agents in your team

• Controllability of AI solutions and human agency

• Sliding autonomy (between humans and non-human agents)

• Safeguards to shield trustworthiness of AI outcomes

• How (not) to trust (non-) trustworthy AI systems and deliver value



Maintaining the Future, 5 November 2025, Gasunie, WCM/Gasunie/NVDO

STAR-AI.EU

Safe and trusted human-centric A for manufacturing

Humans, AI and Trustworthy Maintenance 
for Dependability

Design, Evaluation, Auditing, and Lifecycle Management for Human-
Centric AI and Human-AI Teaming in Industry 

- Co-creation design patterns for human–AI teaming

- How to achieve interoperable human-AI teaming 

- How to empower people to work on the job with trustworthy AI

- Tripple-pillar evaluation for Human-Centric AI (Operational, Technological, Social)

- Trust, risk, and security management in AI and LLM-based Agentic AI

- Responsible AI reasoning and agentic AI

- Benchmarking Agentic AI

- Smart Industry Readiness (incl AI Readiness) 
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Humans, AI and Trustworthy Maintenance for Dependability

Maintaining the Future

Christos Emmanouilidis
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