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University of Groningen Research & Educational
Activities on Human-Centred Industrial Al
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An agentic, multi-layer, GenAl-powered backbone to make an
Al system explainable, accountable, and transparent.

@ humAIne

Hybrid Human-AlI Decision Support for Enhanced Human
Empowerment in Dynamic Situations

humaine-horizon.eu

Co-designing human-centric pathways for future skills in
manufacturing through augmented, empowered,

inclusive, and symbiotic complementarities between Al,
automation, and human tasks

https://skillaibility.eu

STAR-AL.EU ELSAATI: Ethical, Legal and Social Aspects of Al for Technical Industry

Safe and trusted human-
centric Al for manufacturing SMART INDUSTRY OPERATIONS course:

https://www.aideurope.eu/education/education-catalog/smart-industry-operations
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Maintenance you can trust B e

ASSURANCE

(AUDITING AND EVALUATION)

MAINTENANCE AND
DEPENDABILITY

TRUST- HUMANS ARTIFICIAL
WORTHINESS INTELLIGENCE
ISO/IEC TS 5723 — systems’ trustworthiness Human factors and skills Best of both data and knowledge
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Trustworthiness %

e groningen

Trustworthiness is the ability to  ° Attribute applied to infrastructure,

. services, products, technology, data
meet stakeholders' expectations €5, Proc &Y
: . and information, as well as, to
in a verifiable way

organizations

Trust: relational between trustor- trustee

eMisplaced trust

oTrusting non-trustworthy suppliers for your assets
oTrusting in non-trustworthy assets

eFailure to win trust

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

ISO/IEC TS 5723 — trustworthiness

ey ; ;
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Smart Industry — SIRI Index B iy

Smart Industry Readiness Index

3 Building Blocks
v h 4 v

«  Created by the Singapore Economic Development Board (“EDB’)
in partnership with leading technology companies, consultancy

Rrotess febicicoy Didanization firms, industry and academic experts
8 Pillars «  SIRIwas developed to address the adoption of Industry 4.0
- - - - v v v v challenges by equipping the companies with practical knowledge
about:
Product Talent Structure &

Operations ~ Supply Chain Automation  Connectivity  Intelligence

Lifecycle Readiness Management

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

oo mauty vl fthf ranzatons and s an
v v v v v v v v

*  How they can improve in a targeted and incremental

Shop floor Workforce Learning e Ee e manner.
& Development o npany
; ; Collaboration
: ; ntegrate
Vertical Horizontal :
Integration Integration Erfgg;g‘te . Enterprise Source: Smart Industry Readiness Index:
} The Prioritisation Matrix, EDB Singapore, 2019 / incit.org
Leadership Strategy &
Facility Competency Governance

/ / UIIIV(?I'SIEY (0) §
= s Maintaining the Future, 5 November 2025, Gasunie, WCM/Gasunie/NVDO




Trustworthiness and meeting stakeholder’s

4 university of
groningen

expectations: what are they?

Top KPI
ManUfaCturmg Operatlons . -
_ Planning & Scheduling Effectiveness Product Quality

_ Product Quality Planning & Scheduling Effectiveness
68.21% Kf Hici Kf ffici
5180%  60.05% Workforce Efficiency Workforce Efficiency
I I I 55.03%

KPI Selection Percentage

kL I TY 20545 _ Material Efficiency Process Quality
35.70%
2801% 55 0o%
KPI Category @ Productivity @ Quality &) Speed @ Flexibility
I I . . 3.83%

5 z £ & gz z & & 5 £ & z 35 =
£ F = k) g 2 & 3 © 3 5 3 £ =
g3 a 8 @ S 3 3 k) 5 5 S © = = 3
= £ = (=] = = w = A= @ 7]
o5 b o = w o o ] w o] ey o %]
'-“ -% S n g ® ] 2 = = c w @ b
= 3 <5 2 S 5 = 5 2 2 g g Source INCIT:

L = o] — = = e = [t = o ags .
@ . €5 X . = L g a . = = The Global Smart Industry Readiness Index Initiative:
< = ° e = . . .

. = = o = Manufacturing Transformation Insights Report, 2025, DM

Tech Academy, SMF, INCIT-
KPIs ® Productivity @ Quality @ Speed @ Flexibility
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Trustworthiness questions B e

%

Business owner

e To what extent we can trust our operations to deliver on the business priorities?

Customer support

e How to respond to a customers’ complain regarding our service?

Operations

e What is the single most important change that can improve performance (KPls)?
e Have we followed SOPs / SMPs?

e Have production processes and outputs been within regulatory boundaries?

Tech/Info Officers?

e How can we have sufficient: robustness in our controls, accuracy on data reporting
and predictions; and security in our system?

university of
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Trustworthiness

ISO/IEC TS 5723

trustworthiness

accountability
accuracy
authenticity
availability
controllability
integrity
privacy
quality
reliability
resilience
robustness
safety
security
transparency
usability

il

5%
K%

/
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Standards in

"y .
LA university of

Asset and Maintenance Management ® e

Asset
Management

Maintenance

Performance
Management

Facility
Management
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Overview of relevant maintenance anad
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asset management standards

Core -Rrocesses Management Methods Resources
Terminology

e |[SO 55000 e |SO 5500x e EN 15341 e EN 13269
e EN 13306 e EN 16646 e EN 17385 e EN 15628
e EN 17007 e EN 17485 e EN 16991 e EN 13460
e |[SO 2041 e EN 15331 e |SO 22400x e |SO 18436x
e |SO 13372 ¢ |SO-many CM

e prEN 17666

e EN 60300x

e [EC 60812

e EN 16602

CEN TS 17385

university of
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Maintenance within =
Asset Management @ / woningen

%

Asset Maintenance
Management » PR o Standards
Position and role of maintenance within Asset EN17007, EN15341,

Standards Management:
150 5500x Implementation Guidelines: EN16591, EN13450,
pPrEN 17666

Maintaining the Future, 5 November 2025, Gasunie, WCM/Gasunie/NVDO
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Data assets and decision - making B o

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 Al — but can we trust Al? B universityor

o roningen
S g B

Yes, if we use eXplainable Al (XAl)

Do you agree?

We used to say that you can prove anything with statistics

We may now say that you can explain anything with XAl

Risk: trusting non-trustworthy Al-enabled systems !

We need more than explanations => Trust/Trustworthiness

univgrsityof Source: Raza et al., (2025): VLDBench: Vision Language Models Disinformation Detection Benchmark, https://doi.org/10.48550/arXiv.2502.11361
B Maintaining the Future, 5 November 2025, Gasunie, WCM/Gasunie/NVDO
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s every application of Al in maintenance sound? pjyaete

-~ o % pos - - S "'_
¥ [GooDQuALITY ~~ [POOD QUALITY |

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

o0

e

*

J
0’0

J
0’0

J/
0’0
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Al decision-making and
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Controllability of Al-enabled systems

ISO/IEC TS 8200: 2024

Information technology — Artificial intelligence — Controllability of automated Al 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 Al 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 Al system that can impact
users, the environment and societies.”

university of
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Differences between generic risk management

Y university of

and Al system impact assessment © / ponieen

ISO/IEC 42005:2025

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

Al Im pa ct to a restricted set of parties: individuals, groups of individuals, societies and environment;

Assessment  to uses of Al systems;

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

it becomes part of overall risk management

university of
groningen
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NIST Al Risk Management Framework:
Characteristics of Trustworthy Al Systems
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Secure & Explainable & Privacy- Fair - With Harmful

Resilient Interpretable Enhanced Bias Managed

Harm to People

Accountable
&
Transparent

Valid & Reliable

Harm to an Organization Harm to an Ecosystem

Individual: Harm to a person’s Harm to an organization's Harm to interconnected and
civil liberties, rights, physical or business operations. interdependent elements and
psychological safety, or economic resources.

opportunity.

Group/Community: Harm to a Harm to an organization from Harm to the global financial
group such as discrimination security breaches or monetary system, supply chain, or
against a population sub-group. loss. interrelated systems.

Societal: Harm to democratic Harm to an organization's Harm to natural resources, the
participation or educaticnal reputation. environment, and planet.

access.

rianiuai iy Ulic 1 UWUIC, J INUVCIIIIJCI 2ULJ, \JddUllIT, vvCM/Gasunie/NVDO




Trustworthiness and Risk

groningen

|SO/| EC 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;

— societies.
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Anyone can design, build, and operate

g ..5.?'4 university of
Al-enabled maintenance systems (?) @+ / groningen
| need the data The personnel turnover We have ski.lled' St?ff., but fewer of
Go build an Al system rate is too high: we bring them. HR bring in limited new staff.

in new talent but can’t
keep them for more than
a year.

But after new OT/IT/Al updates,
they all struggle and need retraining.

| know the architecture to build

: t | don’t care what type of Al or They have changed the

and deploy - just give me the Al architecture: | want to improve system again: how am

models and | will make sure we productivity and efficiency | supposed to work

read them and produce decision with this?
outputs

i 7 university of
% groningen
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Data-driven maintenance? %

7~ GETALLTHE
INFORMATION YoU CAN,
WE'LL THINK oF A -
USE FOR (T LATER.

15.84249 -7.58333

10 BML1 210 7 28096 3.436667 -0.48667 -0.71333 0 0 -189333 382 46.2 3035367
11 BML1 210 7 28117 325 -0.15667 -0.29333 0 1584249 -7.35333 0 -250667 3.873333 45.89333 304.6399
12 BML1 210 7 28139 2.986667 0.193333 0.153333 0 15.84995 -7.63667 0 -3.02667 3.906667 456 305.7115
13 BML1 210 7 28161 2.706667 06 0623333 0 15.84995 -7.79333 0 33 3.96 4530667 306.764
14 BML1 210 7 28183 2463333 1.01 1.096667 0 15.84995 -7.30333 0 -341333 4.013333 45 3077784
15 BML1 210 7 28205 2.206667 1.353333 154 0 1585741  -6.46 0 33X 4.02 4470667 308.7669

76.23201 | 7.5683594 | 0.9765625 496 432 421 505 500

100.09766 | 0.9765625 | 0.9765625 545 471 457 505 500

82.6416 2.6855469 | 0.9765625 607 518 452 491 500

102.35596 | 1.2207031 | 10.498047 622 416 474 476 500

85.38818 | 3.6621094 | 4.8828125 453 4438 473 470 500

96.13037 | 1.2207031 | 0.9765625 530 421 601 518 500

102.7832 | 0.9765625 | 6.1035156 659 540 427 532 500

73.791504 | 0.9765625 | 0.9765625 548 452 491 453 500

110.16846 | 5.6152344 | 6.591797 487 425 466 522 500

82.27539 | 62.98828 | 0.9765625 615 480 479 489 500

112.854004 | 0.9765625 | 3.1738281 480 490 506 573 411

83.55713 | 4.8828125 | 5.859375 658 423 480 475 411

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

university of
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Maintenance and data in context B o

Track quality affects performance;

ey E n h a n Ced Va | u e entering summer period with higher

Function

—— temperatures and increased
- Fm transport load. We are performance-
= %t driven: taking into account forecasts,
Ctmary , / (_other _ Context resources, optimal d(.ec?ision to pIar.1
e ] \ e Context ) maintenance of specific track section

| Function the second week of June 2019

(

... other N Work status \
> Skills . .
Type Bl Recommendations Knowledge Replace part of track within 6 months
Network other
Security . . .
Powsr 0 s Data indicates track quality
% sk Metrics / KPls Information deteriorates faster than expected.
- =" Send inspections team within a
X |_conitions month for a non-routine inspection
PRODUCTION / | Priorities . .
SERVICE / = Individual data
BUSINESS SA Data taken on 25/5/2019 from the
i: oer 4th 1/8% of mile of the track
Waterloo to Southampton
10 BML1 210( 1 260.96 3436667 -048667 -0.71333 0 15.84249 -7.58333 0 -189333 3.82 46.2 303.5367
11 BML1 2100 7 2117 325 -0.15667 -0.20333 0 1584249 -7.35333 0 -250667 3.873333 4589333 3046399
. HFR 12 BML1 2100 7 281.39 2986667 0.193333 0153333 0 15.84995 -7.63667 0 -3.02667 3.906667 456 305.7115
Source: Emmanouilidis, C., et al., (2019), 1BMLI200 7 26161 2706657 06 062333 0 1584005 7703 0 33 396 453087 306764
H H i 14 BML1 210( 7 28183 2463333 1.01 1096667 0 15.84995 -7.30333 0 -341333 4013333 45 3077784
Enabllng the Human In the LOOp. Llnked Data and 15 BML1 2100 7 28205 2206667 1.353333 1.4 0 15.85741 -6.46 0 3.4 4,02 4470667 308.7669

/ u;lgx?;sgzof Knowledge in Industrial Cyber-Physical Systems,
& & Annual Reviews in Control Maintaining the Future, 5 November 2025, Gasunie, WCM/Gasunie/NVDO




Linking Data and Knowledge

il ; i
Y university of
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via Maintenance Ontologies

e 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 /m

one particular Function

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

university of
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Asset management competences ¥/ umivesivor

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

Projects / People domain
Project management

Life cycle planning Negotiation
Logistics Communication
Risk, Reliability, Maintenance Team work

Change Personnel development

university of
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GFMAM View on Asset Management

university of
groningen

Strategy and Planning

Asset Management
Decision Making

Lifecycle Delivery

39 Asset Management Subjects

Asset Management Policy

Asset Management Strategy & Objectives
Demand Analysis

Strategic Planning

Asset Management Planning

Capital Investment DecisionMaking
Operations & Maintenance Decision-Making
Lifecycle Value Realisation
Resourcing Strategy

Shutdowns & Outage Strategy
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
Procurement & Supply Chain Management
Asset Management Leadership

Organisation and People Organizational Structure

Risk and Review

Organizational Culture

Competence Management

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

il
2
el

university of
groningen
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Human — Al synergies and T

o roningen
e g B

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

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

Human — Al teaming reshapes the action affordances of both humans and non-human (Al-enabled) actors

Source: Emmanouilidis, C. et al., (2021). Human in the Al 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

university of
groningen
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Humans and Al B ) i

~N

Automated
Al-enabled actions

Human acts
without Al aid

/

Human acts
with Al aid

Human-Al teaming

/ university of
srommeen Maintaining the Future, 5 November 2025, Gasunie, WCM/Gasunie/NVDO




groningen

Example of human-Al teaming B

| — o 9o
D N
1 "R

Human Al
decides on the optimization objectives creates plans and schedules with
of maintenance (and priorities) given objectives (and priorities)

university of
groningen
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Human — Al teaming: HumAIlne project
https://humaine-horizon.eu

Ty
3 77

7 uniw_:*r:-_iitfuf
e /gmnmgen

nergy
Manufacturing ?2¢Q
’,? " e e
= . 4 a
=] 040

Retrieve

Retriever

Refined
DiaKG

Active
Learning

Hybrid Cypher Query

)
<
©
_
)
o
(]
V)

: — Retrieval results
Learning

EEI Augment
Offline Online Prompt
| O
E-Healthcare %

E-Governemnet

Trained LTN LTN Inference Construction
[ d ]

Customer

. . Maintaining the Future, 5 November 2025 ie, WCM/Gasunie/NVDO
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Examples from RuG courses: RAG

Retrieval Augmented Generation

A) Create Knowledge Base
Step 1: Authenticate with OpenAl

Search, drag and drop OpenAl Authenticator, add the flow variable connection from the Credential Configuration node. Configure the node by
selecting "credentials”, then execute.

Step 2: Select embedding model to create vectors

Search, drag and drop OpenAl Embedding Connector node and execute with default settings. This will pick the Al embedding model "text-
embedding-ada-002" to create vectors from the input sentences.

Step 3: Divide PDF text into sentences

Search, drag and drop Sentence Extractor node and execute on the column "Document” from the "PDF Parser” node. This will split the
document cell in multiple rows: one row for each sentence. Then use a Row Filter node to remove all sentences below 5 terms.

Step 4: Create the vector store

Search, drag and drop FAISS Vector Store Creator node, connect to the OpenAl Embeddings Connector and your string sections output.
Execute the node on the column with the strings to create the vector store.

Step 5: Save the vector store

Save the vector store by adding a Model Writer node. To save properly you can use a relative path: selected "Relative to” then "Workflow Data
Area” and specify the name of the vector store such as “vector_store. model”

Credentials Configuration
OpenAl Authenticator

e —8

e T & ] FAISS Vector Store Creator Model Writer

Set Opendl API Key (o] -
e ity 2 r
Authenticate witl o

OpenAl Embeddings Connector

as credential
OpenAl AP Key y ® ®
PDF Parser Sentence Extractor Row Filter (deprecated)
-+ > » I p =

Strip text
from PDFs

remove sentences
with less than 5 terms

extract sentences
n different rows

Y university of
e / groningen

B) Use an LLM for a Completion Task via the Knowledge Base

Step 1: Authenticate with OpenAl and select an LLM model

Similarly to the past exercise use the OpenAl Authenticator with the Credentials Configuration flow variable input.Then add an OpenAl LLM Connector and select
“gpt-3.5-turbo”.

Step 2: LLM Hyperparameter Tuning

Inside the OpenAl LLM Connector customize the parameters "max tokens” and “temperature”.

Step 3: Adopt the Knowledge Base from the Vector Store

The Model Reader node reads from the workflow data area the vector store you previously created. Reading again from disk the vector store is good practice to
learn how to deploy with a fixed knowledge base. You can also use the output of the FAISS Vector Store Creator from the past exercise.

Step 4: Connect to the Vector Store Retriever and the LLM Prompter

Drag in the Vector Store Retriever node and the LLM Prompter node, [nhai |
in-between add a String Manipulation node for Prompt Engineering. :_ N _:

Prompt Engineering Hint

Step 5: Export Results to an Excel File 'j'J_f"jej;L‘fk

You can save the table via an Excel Writer node. Optionally you can compare with a Table View node the answers by the LLM and the ones we imported with the
guestions for reference. OpenAl LLM Connector

S

OpenAl Authenticatgr \
B e —* | LLM Prompter

Set OpenAl API Key e ;

as credential

Credentials Configuration

Credentials Configuration

h .

Column Filter Excel Writer

R TR
ol ] .._l_.-.-l

Authenticate with

ale] ]
OpenAl AP Key ] ]
Openhl -
Credentials keep only

Model Reader LLM resgonse

S~ .___Tq'_ecto[gtn re Retriever String Manipulation

A m S—
>
ooe s m

N /

knowledge base Column Filter |

| prompt / Table View (JavaScript)
Excel Reader —b *l‘ . engineering Cojdmn Appender
% .__ o . S — S __'_PI. (1] > _
e =] coe

elel remove
ground
truth

compare correct answers
with LLM answers




Sliding autonomy — Sliding Work Sharing
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AldWork project, https://aidwork.eu
KUKA

Funded by
the European Union

Beginning

* Plattform
* Lift
Caterpillar

Batteries
Control Unit with HMI

Robotic arm

KUKA

Endeffectors




Sliding autonomy — Sliding Work Sharing —
Al4Work project, https://aidwork.eu @ e

LJ LJ o
: @ y =0
Al4Work Concept o™ /7 Cortitoncel
- onfidence
SWS - ATB — Suggests a ,
N — decision/ * u-ncertalnty/ |
action risk of Al Ask for
| (robot?) l decision/action
A
. C ¢ T A Al/robot
| triggers I cc;jr:tr:;t Management |ERETRES or
BB human?
. Decision/action J
) by Al/robot
~ o] . o
A N0
Skills/competencies/ A
— capabilities(?) —

Uncertainty/situation(?) of
human

Karapanagiotis, P., Kottagaha W.M., K., Rovere, D., Bokhorst, J. A. C., Valdata, A., & Emmanouilidis, C. (2025). Enabling interoperable human—Al 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/}.jii.2025.100962

Y7 / university of
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SkillAlbility Project -https://skillaibility.eu S

<" POLITECNICO o
:‘-,,,‘;r.'l‘t.ﬂf.-fMII}EPEOF‘III%S M ADE /gp;;g;zggof ANTNU

Competence Center 14.0

’

Digital technologies and Al do not simply create or e Q

destroy jobs: they change what people do on the % UNIVERSITA =
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AlXpert project: Agentic Al

%' — B0

2 ? ?

Multimodal
Conversation
Layer
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Organizational knowledge, Tools, Data
Role-specific Prompting

s

Communicative Dynamic
de-hallucination prompting

Prompt
Orchestration
Layer

Tree-of-thought

Multimodal Large Language Models
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Continual
pre-training

Instruction tuning
and RLHF

Fine-tuning

Auditing and evaluation framework

XPERT for human-centric Al

Explainability, Acountability, Transparency

- alxpert-project.eu

by design

7% university of

groningen

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



ELSA4TI: ELSA Lab for Technical Industry

Four research projects launched for NGF-(all

AiNed ELSA Labs

%7/ university of
28 March 2025 / groningen
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Responsible Al requires handling its ethical (E), legal (L),
societal and economic (S) aspects (A

ELSAAT! will target challenges for Al 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.

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

Al-supported manufacturing

Al in Manufacturing and Decision Support

the European Union
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Broader relevant standards B o

e groningen

Manufacturing Operations
Asset/Maintenance Human Factors Al / Automation Quality and Trust
Management

ISO/IEC TS4213
ISO/IEC 25058-9

ISO/IEC TS4202x
1SO 9241x 1SO/IEC 38507 ISO/IEC 250xx

PD 1SO 45001 1SO/IEC 23894 ISO/IEC TS 25058 (Al-

(N ONET: specific)
ISO 22400x ISO/IEC TS 8200

EN 62261-1 ISO/IEC 42005

ISO 550xx
EN 13306
EN 16646, ...

ISO/IEC 5338, 12781
ISO/IEC 42001
BS 8611 ISO/IEC TR 5469

ISO 10075-x ISO/IEC TR 24027 ISO/IEC TS 273
ISO 27500 ISO/IEC TR 24028

ISO/IEC TR 24030
IEEE P700x, IEEEP339x




Assessing benetfits of standards at organization level [Eyptere

Understand Value Chain
Identify Impacts of Standards

Analyse Value Drivers and Operational Indicators
Measure Impacts of Standards

/ university of
% ke Maintaining the Future, 5 November 2025, Gasunie, WCM/Gasunie/NVDO




Al Solution Spaces in Industrial Maintenance BN

e groningen

Al System Self

Manufacturer / Evaluation Form

Industrial Solution

Trustworthiness

Vendor / ] Score
4 ﬁﬁﬁ ELSA dimension 4 '.).
A \
V—Q Operational dimension ] ]
<( Feedback for
( )) I Improvement o
) c . Technical dimension 'm\

Al Trustworthiness
Evaluation Guide

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

university of
groningen

L4

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

Preparing organisations and individuals

17 university of
e groningen

for the Al skills of the present and near future

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

e Learn to work with Al and Al agents in your team
* Controllability of Al solutions and human agency
* Sliding autonomy (between humans and non-human agents)

e Safeguards to shield trustworthiness of Al outcomes

* How (not) to trust (non-) trustworthy Al systems and deliver value

university of
groningen
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Humans, Al and Trustworthy Maintenance

Y university of

for Dependability @/ s

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

- Co-creation design patterns for human—Al teaming

- How to achieve interoperable human-Al teaming

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

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

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

ASSURANCE

(AUDITING AND EVALUATION)

MAINTENANCE AND
DEPENDABILITY

- Responsible Al reasoning and agentic Al

- Benchmarking Agentic Al

- Smart Industry Readiness (incl Al Readiness)

/\

TRUST HUMANS ARTlFIClAL
WORTHINESS INTELLIGENCE

university of
groningen
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Humans, Al and Trustworthy Maintenance for Dependability

Maintaining the Future

Christos Emmanouilidis

c.emmanouilidis@rug.nl
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