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Welcome G<OpenVerse

- The webinar will be recorded (recording will be distributed in
the next days)

- Only the speakers can use camera, mics and share the screen

- Please feel free to put your questions in the Q+A box, if you’'d
like to interact with the speakers
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(G OpenVerse

Agenda

- BDVA — Openverse Ecosystem & National Initiatives
- University of Galway — Technology Framework

- Trust-It —a Walkthrough of OpenVerse Observatory sandbox
Initiatives

- Q&A
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Today’s Speakers G<OpenVerse

Lapo Fioretti, IDC Abdul Wahid, University Mattia Trino, BDVA John Favaro, Trust-It
of Galway
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OPENVERSE Ecosystem

Mattia Trino - BDVA




Ecosystem building — Summary and objectives G<OOpenVerse

Network of Build synergies, Identification
collaborations ‘ and reinforce the < Outreach

with national, links among the _

European and different Bi-lateral and
international technological combined
programs, > areas, ; workshops
initiatives, infrastructures, and Ongoing knowledge
organisations, and .- disciplines behind O Sha%ingg J
different bodies. ; ngrggmget?]tat I Co-creation
OpenVerse : Technological
Technological compose the Virtual Eramework and

Worlds.

Framework other project’s

assets
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Where to start? G<OpenVerse

This approach is essential for two main reasons:
EC-defined building

blocks ¢ Strategic alignment — It ensures that EU projects, policies and
funding priorities are built on a shared understanding of what

Virtual Worlds require.
Connectivity /

Infrastructure Computing

Digital Twins

Collaboration facilitation — It allows OPENVERSE to map and
engage with relevant EU initiatives, matching their scope with

' precise domains of innovation.
- Electronics /
Extended Reality heton)
photonics
L
Integration for
Virtual worlds EoE 8l Cot)

Distributed ledger
- Blockchain
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Mapping of the EU virtual World
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Analyse PPPs Strategic Agendas

v EU Initiatives on wiki

G<OpenVerse

SRIAs and SRIDAs

Page Discussion

Agendas relevant to European Virtual Worlds.

» 6G SNS

« ADRA

« BDVA

EFFRA

EIT Culture & Creativity
EIT Digital

EIT Health

EIT Manufacturing
EIT Urban Mobility
EOSC
EUCloudEdgeloT

» Eureka

* EuroHPC

» European Game Developers Foundation
» Europeana

« [HIJU

» MyData

« NEM
Photonics21
« THCS

XR Interaction

This page provides a comprehensive list of the Strategic Research an

open-verse.eu
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High level — user view G OpenVerse
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National Initiatives Categorisation G<OpenVerse

Definition national initiatives

- National initiatives in the format of associations, NGOs, technology platforms, or similar
structures, that work on the topic of Virtual Worlds as a central topic, or with a dedicated working
group (e.g. a working group within an ICT industry association).

- Entities running collaborative projects at national level, either publicly or privately funded
contributing to Virtual Worlds.

- Skills development initiatives with national and international outreach (e.g. summer schools)

- Any other initiative (e.g. private collaboration in between several companies) with different
collaboration models to the ones described above but of relevance to this exercise.

- Multi-country initiatives (e.g. European Digital Infrastructure Consortia).

© Copyright OPENVERSE 2023-2026 | 12
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National Initiatives

Stakeholder Type

Distribution of Organisations by Stakeholder Type (Percentage)
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Observatory
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Technological Framework

Lukasz Porwol
Abdul Wahid

Insight Centre for Data Analytics, University of Galway
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Positioning Europe’s Digital Future

Transitioning from fragmented technologies to a unified, human-centric
ecosystem that enables SMEs and enterprises to successfully navigate and
iInnovate within the Virtual Worlds landscape.
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Fine Grain - Technical View

open-verse.eu
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The Five Dimensions
of OpenVerse

- 5. Governance, Ethics

& Societal Integration

4. Application Domains

3. Core Middleware
& Services

2. Infrastructure

1. Core Technologies
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Dimension 1: Core Technologies

Extended
Reality (XR)

Blockchain
“‘ & DLTs

Artificial
Intelligence (Al)

loT & Digital
Twins

Optics
& Electronics
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Dimension 2: Infrastructure Backbone

Quantum
-~ Computing

Semantic
5G & 6G X ' Knowledge
7 . Graphs

Cloud &
Edge Nodes
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Dimension 3: Middleware & Services

3D Asset Formats Decentralised
(gITF, USD) Digital Identity (SSI)

> Rendering Engines

P 4 (Unity, Unreal) &

i Standardized APIs
(WebXR, OpenXR)

Raw Data
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Dimension 4: Application Domains

— Consumer Applications (Simulated Data)

(& s CY

Education Healthcare Entertainment

ON
S

ok

Smart
Manufacturing

Smart Cities Governance

N ———— \ ———



https://www.stadiem.eu/
https://www.project-assured.eu/
https://www.project-assured.eu/

Dimension 5: Governance, Ethics & Societal Integration

Value Alignment
(EU Al Act & GDPR)

Digital Rights
& Privacy

0"(:
y\QS\Q
- |
> // \
b &
/ , ol
co%°
135/
8 P0||G)’

Sustainability &
Federated Learning

XR Accessibility
& Inclusion

Cognitive Load
Management
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The Stakeholder Matrix

Consumers

- Focus: Quality,
Privacy, Trust

~ Demand absolute
transparency

/ Require strict GDPR
adherence

~ Expect ethical,
bias-free Al

Producers

" Focus: Interoperability,

Scalability, Compliance

~ Navigate EU Al Act &

regulations

Select rendering
engines & APIs

Implement
ethics-by-design

\/

Prosumers
ks
4 /[;7

Focus: Openness,
Co-creation, Digital Rights

Demand open
standards

Require NFT licensing
tools

Participate in
decentralized
governance



https://www.stadiem.eu/
https://www.project-assured.eu/
https://www.project-assured.eu/

The Interoperability Engine

Preventing siloed ecosystems via ‘write once, run anywhere’ open standards.

Hardware
Fragment 1
(Meta) ’/
‘_OpenXR‘l e
=S \

: - , |
Hardware /4--\ The Open :' i ~ Unified Virtual
Fragment2 | — WebXR _:T glTF
(Apple) §§\/ o StaF?ltti::ds : & / ' World Network

i = [
Hardware o L
Fragment 3

(PC)
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Industrial vs. Consumer Realities

Consumer Worlds Industrial Digital Twins
Simulated content generation Live loT data synchronization
Entertainment and social focus Predictive maintenance & real-time monitoring

Moderation-heavy environments Strict GDPR & physical security protocols
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Actionability: The VWTFT

Virtual Worlds Technological Framework Tool - A structuring

instrument for SMEs to evaluate requirements and accelerate
innovation.
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A Blueprint for Responsible Innovation

A robust, scalable, ethically grounded foundation positioning
Europe at the forefront of the emerging Metaverse.
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Towards a Sustainable European Virtual Worlds Ecosystem
GO OpenVerse

How can Europe build virtual worlds that are technologically advanced, economically sustainable, and governed by trust, trans parency and
human values?

European Virtual Worlds Ecosystem

Open * Interoperable « Human-Centric « Sustainable
I . . XR & Immersive
Building a Sustainable Virtual World Systems

Ethics & Human

Al & Intelligent Values

@ Agents
ale
Legal
Technology enables innovation.

Governance enables sustainability. IPR

/ Frameworks

N
>
@ Digital Twins --. —| Virtual Worlds

@ Ecosystem AI Governance
/ Data
Cloud-Edge Governance
Infrastructure
Standards

@ Blockchain &
DLT Trust &
Compliance
Interoperability
Standards

open-verse.eu © Copyright OPENVERSE 2023-2026
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The Building Blocks of a European Virtual Worlds Ecosystem

A multi-layer ecosystem integrating technology, governance, identity, economy, and trust GO OpEﬂVEfSE

Ecosystem Components
» A sustainable European Virtual Worlds Ecosystem extends beyond immersive technologies and encompasses:

Number of Components

Components
« Technological infrastructure and interoperability 6
. Digital identity and trust services d
* Al-enabled intelligent agents and services
« Virtual assets and digital economies
« Data spaces and digital twins
«  Governance, ethics, and intellectual property Technological
frameworks Applica_tions &  Virtual Worlds Core Infrastructure Governance Layers
Services Platforms Technologies Layer

Technological Stack Layers and Components

v’ Virtual worlds should not be viewed as isolated platforms, but as interconnected socio-technical ecosystems where technology, governance, and economic value creation
coexist.

open-verse.eu © Copyright OPENVERSE 2023-2026
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Why Governance Matters in Virtual Worlds

[ L)
From Technology Platforms to Digital Societies QO OpenVerse

Virtual Worlds as Digital Societies

» Virtual worlds increasingly combine
social interaction, digital economies, Al- /
driven services, and immersive _— -
experiences. \

« As these environments mature,
governance becomes a foundational
requirement, ensuring that innovation is ™~ European
balanced with accountability, trust, and ~ i

Virtual Worlds |———— —_—
protection of users and creators.

Ecosystem

CEON
P /
< Dightal Markets

(Consumer Protection)

Technology enables virtual worlds. Governance enables sustainable virtual worlds.

open-verse.eu © Copyright OPENVERSE 2023-2026
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Governance Challenges Across the Virtual Worlds Ecosystem

Emerging challenges at the intersection of technology, society, and regulation

G(jOpenVerse

Ecosystem Component

Al Agents & Virtual Assistants

Governance Challenge

Accountability, Transparency &
Explainability

Why It Matters

Decisions and interactions must be understandable, auditable, and
aligned with human values.

Digital Identity

Authentication, Trust & User Control

Users need secure, portable, and privacy-preserving identities
across platforms.

XR & Immersive Technologies

Biometric and Behavioural Privacy

XR systems collect highly sensitive behavioural, spatial, and
physiological data.

Virtual Assets & User-Generated
Content

Ownership, IPR & Creator Rights

Clear ownership and protection mechanisms are required for digital
goods and creative content.

Digital Twins & Data Spaces

Data Sovereignty & Access Control

Industrial and personal data must remain secure, governed, and
compliant.

Virtual Economies & Marketplaces

Consumer Protection & Fair
Competition

Users require safeguards against fraud, manipulation, and unfair
market practices.

Interoperable Virtual Worlds

Cross-Platform Governance &
Standards

Assets, identities, and services must function consistently across
ecosystems.

Platform Governance

Moderation, Accountability & Dispute
Resolution

Effective governance mechanisms are needed to manage
behaviour, conflicts, and trust.

Many of the barriers to large-scale adoption of virtual worlds are no longer technological; they are
increasingly related to governance, trust, ownership, accountability, and regulatory compliance.

open-verse.eu
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Technological Framework

¥ Functional View Virtual World Tech Stack Project WP View External Dependency View Tech View
SERVIEW - - —
& =™ i
—
— Il /8
Game Engine: Unity, Unreal
— .
() Networking: Photon Engine
o PR—
S —
=]
8 s —> Programming Languages: C#, Udon 3 =
o Standards XR Protocols o
< d Standard 5
N P Graphics and Rendering: DirectX/OpenGL/Vulkan , Shaders gl anaards g
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9 > P VRIntegration: OpenXR, SteamVR, Oculus SDK 3
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o 2 - = T >  Audio: Opus Codec, Unity Audio Mixer
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Content Distribution: CDN, NFT (Blockchain), Digital Wallet Blockchain and
o N
% User-Generated Content Tools: Unity Editor SDK, Blender/Maya/3ds Max Online Market
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2 3
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Technology Stack

open-verse.eu

G<OOpenVerse

Virtual Worlds Technology Stack

Interfaces | ‘ Sensors Algorith

(VR, AR, MR Optics Displays Chips Al loT Tgonk. e Battery Power

Browser) (Tracking) |
; 3D Al

Software Social VR Modelling

Cloud Identity Standards NFT
And Data Ownership (OpenXR,
Spaces Cybersecurity WebXR)

Payments
Blockchain Micropayments

Services
and Standards

Communication Protocols PPP TCP/IP

and Core Servicas

(Link, Internet, Transport,
And Application Layer)

Telecommunication Fibreoptics NOdeS/t Hubs/Rou Sustainable
and Data Infrastructure o1 Power

open-verse.eu © Copyright OpenVerse |
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G OpenVerse

@myg}
. a*f’é :;:o-:/g{’
Core Technologies e |

v

v Advanced Al (Federated, Explainable, Ethical). > .

( P ) ————% Governance, Ethics, &

Societal Integration €®

v loT & Digital Twins (Real Worlds synchronization) |- > Application

]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
I v Extended Reality (XR, AR, VR, MR).
1
1
]
:
! v Blockchain & DLT (identity- transactions, asset
1
1
1
1
1
1
1
1
1
1
1
1
1

provenance). v' Education & Training (XR classrooms, v' EU value Alignment (Inclusion, Environment
v' Ambient Intelligence (Context-aware, adaptive Simulations labs). Safety, Gender Equality, Abuse).
environments) v Rendering & Interaction Engines (ETSU, ARF v' Multistakeholder Governance Model.
integration).
('/\ v Games, Social, Esports, Theater, Shopping v’ Sustainability Principles (Green Data Centers,
TTTTTTTTTT > Infrastructure .'[(3 - . Next-gen VR devices, VR for Environmental
(0d v' Interoperability APIs & Protocols (Open ’

Standards, WebXR, OpenXR). Awareness and Conservation)

v’ Cloud/Edge Computing (Real-time rendering, v Security & Privacy (GDPR, Al Act) v Audience Co-Design(Using audience panels for
latency). ’ ' policy shaping).

v 5G/6G (immersive experience, Ubiquitous
access).

v' Quantum Computing (Dynamic environments,
responsive interactions, immersive experiences).

"This is perhaps the most important message of the framework. Governance is not treated as an external

v' Semantic Web Integration (Context-aware

experience, data integration). policy layer. Governance, ethics, and sustainability become architectural components of the ecosystem

itself."

open-verse.eu © Copyright OPENVERSE 2023-2026
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Governance, Ethics and Sustainability by Design G<OpenVerse

Technological Framework for
Web 4.0 & Virtual Worlds

Core Technologies

v" Foundational technologies like Al, Governance & Ethics

blockchain, and quantum computing Q& S v
enable advanced virtual experiences. sfoesi ' e . ) o
i /i & v' Addresses data privacy, digital

WEB 4.0 E= 1| rights, and ethical considerations in
e 5“ e technology use.
1o} Infrastructure o, &
SECNS o B icati -
=21~ Application Domain
v Elements such as 5G, edge — ‘;
computing, and cloud services ) ;)J gﬂ/ o . .

{ _| T O v Practical implementations in

ensure seamless connectivity. — = i :
sectors like entertainment,

industrial simulations, and
education.

Middleware Services

v Facilitates communication and
provides essential functionalities like
security and data interoperability.

open-verse.eu © Copyright OPENVERSE 2023-2026
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Graph-RAG for Governance & IPR Intelligence

(G OpenVerse
(
LJ:LQ Ease of Enforcemem} Proposed Framework
Prevents Unauthorized Use 56 Enforcement Simplicity [ J [ .

Infringement Prevention ‘ Virtual Environment Adaptability Source Documents Global Answer
text extraction \query-focused
+and chunking summarization
Generates Economic Returns Promotes New Creations [ st (00 el J [ Community Answers
Enhances Economic Value Technological Advancements J
domain-tailored } query-focused
¥ summarization summarization
User Confidence [ Element Instances ] [ Community Summaries
Market Stability domain-tailored } domain-tailored
. . . . S arizati communit S arizati
Different IPR frameworks are based on five key criteria: Protection Strength, y Summarization oy "ummdrlzmon,
. . ] ] detection ..
Ease of Enforcement, Encouragement of Innovation, Economic Impact, and User Element Summaries > Graph Communities
Trust & Market Stability, highlighting how each framework performs in fostering ) J
secure, innovative, and economically viable virtual environments
[ Indexing Time ] Pipeline Stage [ Query Time ]
Graph RAG pipeline using an LLM-derived graph index of the source document text.
Context Window 8191 Opensource Llama3.1
Text Chunk Size 300 8B Q4_0 Quantized Model
Overlap 100 'JJ|LL| Using Ollama
Graph RAG
System
| {@ Data Sources ]
nomic-embed-text 137M 22 Published Papers
F16 Quantization Metaverse, VR, AR, XR, MR
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Model Upgrades Comparison

« Expanded Corpus: The source corpus has been expanded to encompass a wider 4 2
range of materials, including current policy papers, technical specifications, and
socio-legal studies related to immersive technologies.

* Integrated over 100 curated documents, including policy papers, technical standards
(e.g., IEEE/ISO), and socio-legal analyses of immersive tech, enabling robust
domain coverage.

 LLaMA-2 with LoRA Fine-Tuning: Utilised LLaMA-2 as the core model, fine-tuned
via Low-Rank Adaptation (LoRA) for efficient, domain-specific ethical reasoning.

 Enhanced Entity Recognition and Relationship Mapping: The precision and
semantic depth of entity recognition have been improved, enabling the capture of
subtle ethical considerations such as algorithmic transparency, cultural inclusivity,
and user autonomy.

« Advanced Graph-RAG Pipeline: The enhanced pipeline incorporates superior
clustering algorithms for community summarisation and dynamic weighting of ethical
dimensions, resulting in more contextually relevant responses.

open-verse.eu © Copyright OPENVERSE 2023-2026 | 40
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Example Queries and their responses (Results)

¥ Local RAG for Ethics/IPR Papers

Ask a question about your paper collection. Answers include citations like [S1].
Question

Ethical challenges in virtual worlds

Answer
Concise Answer

The Metaverse poses several ethical challenges, including bias and discrimination in Al algorithms, privacy
concerns, and transparency issues. Studies have demonstrated that biased Al systems can perpetuate
inequality and discrimination within virtual environments (Buolamwini and Gebru [12], Ferrer et al. [35],
Varona & Susrez [89]). The integration of Al technologies within the Metaverse introduces complex ethical
challenges, including content moderation, user safety, and data protection (Alesia Zhuk [S1], Alesia Zhuk
[S4]). Regulatory bodies must conduct a comprehensive analysis of current legal frameworks to identify
areas where regulations may fall short in addressing these concerns (Maloney [56]). To address these
challenges, a human-Al hybrid approach is necessary to strike a balance between creative freedom and user

safety (Alesia Zhuk [S1], Alesia Zhuk [S4])

open-verse.eu

Sources

§1— Ethical implications of Al in the Metaverse (pp. 1-2)

ght of these concerns, this paper aims to contribute to the ongoing discourse surrounding the ethical
implica- tions of Al in the Metaverse. As the Metaverse continues to evolve, the integration of Al technologies
demands a bal- anced approach that considers the potential benefits along- side the ethical risks. By taking
proactive steps to address bias, discrimination, privacy concerns, and transparency issues, it is possible to

cultivate an ethically sound and sus- tainable virtual world. The d

% Local RAG for Ethics/IPR Papers

nclude citations like [S1)

Ask a question about your paper collection. Ans
Question

ive works in virtual worlds?

What governance mechanisms are recommended for derivz

Answer
Concise Answer

emance mechanisms recommended for derivative works in virtual

Based on the pr
worlds include:

* Modular gavernance approaches that enable portability and adaptability to different platforms and use
cases ([52])

+ Decentralized autonomous organizations {DAOs) that allow users ta be actively involved in decision-
making processes ((S2])

at enable

* Personal data store 5 to own and sell thelr personal data via smart contracts and

Intuitive user-friendly inte 1)

s

+ Data trustsin the form of DADS that haress the callective power of Metaverse users to pratect t

interests and promote the public good ([S1])

Evidence Map

Supporting
Key Points

Sources
Modular govemance approaches are recommended for virtual worlds. 152

Decentralized autonamous organizations (DAG) can be used for decision

makingin virtual worlds.

GO OpenVerse

Sources

Virtual Governance, and Virtual Abundance (pp. 3

51— The Metaverse: Virtual Metaphysic

premise, making good govemance by standards unlikely” (McStay, 2023: p. 15}, McStay ends his article by

1 data stewardship and the

ernar

considering specific g

propasals for the Metaverse that align

dictates of virtual realist gow- emance. His primary facus is on interoperability in the Metaverse, which

tual possessions

Invelves the abillty to seamles

ansfer one’s personal data, virtual avatar, and other vir-

irtual worlds and applications, McStay proposes personal.

52— Life, the Metaverse and Everything: An Overview of Privacy, Ethics, and Governance in Metaverse (pp.

the metaverse. €. Madular governance Governance in anline platforms s a high-stakes challenge that yet

has few basic features of offline (physical) governance s (17]. The authors [17) propose a modular

© Copyright OPENVERSE 2023-2026
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OpenVerse Observatory

Collection of XR Regulatory
Sandbox Use Cases

John Favaro — Trust-IT




Support for Regulatory Sandbox Initiatives G OpenVerse

* OpenVerse Partner Lisbon Council is
elaborating an approach to regulatory
sandboxes for virtual worlds innovation

O Includes a structured methodological
process

* The OpenVerse Observatory is supporting
the initiative

O The collection of international sandbox
case studies underpinning the Lisbon
Council research has been implemented in
searchable form in the Observatory

* Live Demo

open-verse.eu

O\

) OpenVerse
./

Regulatory Sandboxes for Virtual Worlds Innovation: A
Framework for EU Leadership

An OpenVerse* Policy Brief

Welcome to the OpenVerse Observatory
The OpenVerse Observatory is a European hub for XR and Virtual Worlds professionals.

organisations, researchers, and experts active across the XR/AVW ecosystem in Europe, and make yourself
reate your personal and company profile, find relevant peers through matchmaking, and connect directly
via integrated messaging.

The Observatory is part of the EU-funded OpenVerse project.
Participation is free, with no commercial purpose: the goal is to build and connect the XR/VW community across Europe.

Start browsing the Observatory

\ Cregte your profile and connect | Connect with the community.
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A Roadmap for Open

and Co-created Virtual
Worlds




A Roadmap for Open and Co-created Virtual Worlds GO OpenVerse

Building upon the July 2023 initial EU strategy message on virtual worlds and the Web 4.0 and in
collaboration with all OPENVERSE partners, Inspiring Futures undertook a foresight exercise, leading to the
co-development of a Roadmap for Open and Co-created Virtual Worlds, including Five Pillars and Ten Key

Strategic Actions. The Roadmap is still open for contributions through an Expert & Stakeholders Survey and a
dedicated Workshop that will be held on July 2, 2026.

The five pillars

= Trust and Safety by Design

= |Interoperability and Data-
Readiness

= Skills, Financing Tools and
SME Scale-up

= Science-Industry Testbeds
and Sector Adoption

* Foresight-in-the-Loop

Immediate &
Urgent Priorities
(2026-2028)

Medium-Term
Deployments
(2026-2032)

Long-Term Scale-
Out (2026-2035)

Promote guiding ethical and health principles for well-being in virtual worlds
Promote inspiring partnerships across sectors and borders

Promote Al integration and the corresponding skill building for VW creativity
Support, refurbish and inaugurate new forms of financing for VW creators

Build skills for virtual worlds; make the EU a talent magnet

Help the Cultural & Creative Industries (CCl) and media test new business
models

Develop standards for open/interoperable virtual worlds, with sandbox options
Boost professional virtual worlds across sectors of excellence

Address sovereignty: promote champions; fight IPR theft, manipulation and
misinformation
Reduce the environmental footprint of XR/VW deployments

open-verse.eu
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