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LEARNING OUTGOMES

= Understand the foundational role of Al in creating immersive metaverse environments.

= Recognize different types of data generated in the metaverse and the ecosystems supporting
it.

= Explore key Al technologies and technical components that drive metaverse applications.

= |dentify practical applications of Al in various metaverse sectors, including real-world case
projects.

= Examine privacy, security, and ethical considerations associated with Al in virtual
environments.

= Understand the importance of explainable Al (XAl) and its potential for improving user trust

and ethical alignment in the metaverse.
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Data Ecosystems in the Metaverse

A data ecosystem in the metaverse refers to the interconnected systems that gather,
store, and process data. These include multiple stakeholders such as platforms, users, and

developers, all contributing to data generation and consumption.

N
Data Sources Generated from user actions, transactions, and virtual assets.

J

\ . . . .

Data Typically cloud-based or decentralized, ensuring data persistence

Infrastructure and security.

J

\ . . .

. Involves analyzing user behavior, market trends, and virtual
Data Analytics :
asset valuation.
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Types of Data in the Metaverse

\

User Interaction | Tracks how users engage with the virtual environment,
including movements, communications, and time spent
Data ) in different areas.
~
Transactional Involves economic exchanges within the metaverse (e.g.,
NFT purchases), often stored on blockchain for security
Data ) and transparency.
~
Includes assets like avatars, virtual buildings, and other
Content Data digital objects created or owned by users, giving insight
into user preferences.
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User Interaction Data

This data captures user behavior within virtual

worlds—how users move, interact with objects, and

communicate with others.

I Examples:
User ] = Movement patterns through frequently visited
Interaction virtual areas.
Data ) = Engagement levels, such as time spent on specific

tasks or spaces.
= Social interactions like chat messages or group

activities.
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Transactional Data

~

Transactional
Data

Represents the financial transactions in virtual worlds,
including buying, selling, and trading assets such as NFTs

and virtual land.

/

Types of Transactions:
= Asset purchases (e.g., virtual land, NFTs).
= Token transactions (recorded on the blockchain).

= Marketplace activities (buying/selling virtual goods).
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Asset Data

Asset data focuses on digital objects such as virtual
land, NFTs, and avatars. These are often stored on

blockchain to ensure transparency and proof of

N\ ownership.

Asset

Examples:

= Virtual Land: Digital real estate that users can

- develop and trade.

= NFTs: Unique tokens representing ownership of

virtual items, art, or collectibles.
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Metaverse Architecture

» Digital World

- = — —— e ——— Avatar, Content creation, Data interoperability, Social
f - N ’ 5 Y
Digital Life( Q Q.\J { k| “] Li@ ﬁ Ecoaystems: acceptability, etc.

[\ \e \ / L - /)

RV O [oT, Social, Game, Digital factory, Transportation, etc.

@ Interconnected virtual worlds Virtual World #1 <= Virtual World #1 <= Virtual World #1 Softwares: Al Digital twin, 3D modeling, Computer vision, etc.
o J

§ CONTENT ‘ data pocessing and t

® T management Systems: Windows, 10S, Android, etc.

1 Digital Avatars
f

S e Iayer
Hardware |
Platforms *
Digital twin layer Digital Twin

Technologies:

XR, Sensing, Computer, Mobile phone, Helmet, etc.

Al, Communication and network, Computing power,
Blockchain, etc.

Computing Layer

l feedback big data1

} |

Interaction

Infrastructureﬁ~
L. !
o ! -
XR \\ I /./:m big data J : 1] %
st = Youaay [ ]I R
HCI B\ = = ]
x /1% [& % ®
e ! 3
Human world and IOT Sensors — * v
human Society o

g s

» Physical World

(Uddin et al., 2024)




Introduction and Importance of Al in the Metaverse

Purpose: The metaverse combines virtual spaces where Al plays a key role in creating
immersive, intelligent environments.

Natural Language

Al Processing (NLP)
for chatbots and
ALGORITHMS assistants.
IN THE
METAVERSE N ‘
Digital Twins Machine
ENABLE for real-time Vision f
replicas of ls1ont.o.rt bt
real-world tac ]kv‘] y
entities. racking.
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Key Technical Aspects of Al in the Metaverse

Enables virtual assistants to comprehend complex human
interactions in multiple languages and dialects

Natural Language Processing (NLP)
Enhances communication and creates realistic
conversational interactions

Analyzes and interprets user movements, gestures, and

facial expressions
Machine Vision
Enables navigation and interaction with 3D objects in the

metaverse as avatars for a more immersive experience

Provides secure and private data handling
- Secures transactions and digital assets
Blockchain g
Al enhances security by monitoring patterns to detect

cyber threats and supports decentralized applications

Optimizes networks for metaverse applications
Networking (56 and 6G) —< Manages spectrum allocation, traffic handling, and fault

detection for real-time connectivity

S

Al in the Metaverse

Simulates real-world environments and objects
Digital Twins (DT) Offers predictive analytics and real-time updates for

enhanced user interactions in virtual replicas of physical
spaces

Al-powered brain-machine interfaces

—

Allows users to control avatars and interact using brain

Neural Interfaces .
signals

Advances accessibility and enables hands-free control

(Huynh-The et al., 2023)




Metaverse Subsystems

Cloud storage

Cloud computing

Distributed Computing

Machine Learning .
Internet of things

Natural Language Processing Artificial Intelligence

Computer Vision j

Edge computing

Asset Twins

5G Technology . e
System Twins

Inter-networking

= Digital Twins
6G Technology

Process Twins

Component Twins

Virtual Reality

Augmented Reality \ Mixed Reality Extended Reality (XR)

Avatar /

Blockchain

Decentralized Ledger Technology , Smart contracts
k NFTs
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Extended Reality in the Metaverse

Extended Reality (XR)

/_—A_ﬁ

Mixed Reality (MR)
Real world Virtual world

Augmented Reality Augmented Virtuality Virtual Reality
(AR) (AV) (VR)

ey &» Y
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VR Accessories For Immersive Experiences

-5 Q?ut

VR accessories that provide an
immersive experience (suit,
haptic glove, omnidirectional
treadmill, motion sensor
controller, lighthouse, tracker)

@ SwapED (Uddin et al., 2024)



Important
Technology
Features &
Facilitators
For HMD-
based

Immersive
VR

Affordance

Embodiment

Navigability

Sense-ability

Interactivity

Create-ability

Explanation

The phenomenon of user experiencing a sense of ownership and
agency over their digital body, as if it was his own physical body, and
perceiving his actions in the digital surrounding as if they were
carried out in practical life.

The affordance of navigating a virtual environment through the free
movement of one's avatar

The capacity to perceive sensory inputs such as touch, smell, hearing,
and taste within the virtual realm.

The freedom to the point where users can participate in mutual or
unilateral engagements with the virtual entities and agents.

VR provides the ability to create and modify aspects of the virtual
environment that can positively impact the user's experience, while
also allowing for the recreation of existing physical world aspects in a
way that minimizes negative elements.

(Uddin et al., 2024)

Technology
catalyst

Standalone
HMDs

Higher FoV
6-DoF
Complete-body
tracking
Graphical
fidelity
Lighthouse
system

Eye tracking
IR camera
Motion
controller
Omnidirectional
treadmill

Smell modules
Haptics
Electrical
stimulation
Audio

Haptics
Motion
controller
Lighthouse
system

IR Cameras
Al
Development
platform
Game creation
modules
Digital object
marketplace

Source

(Barbot &
Kaufman, 2020;
Shin, 2018)

(Lee et al., 2019)

(Maggioni et al., 2020;
Spence et al., 2017)

(Harjunen et al., 2018;
Harrison &
Windeler, 2020)

(Seymour et al., 2018;
Steffen et al., 2019)
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Key Technical Aspects of Al in the Metaverse

Natural Language Processing (NLP):
Powers interactive chatbots capable of
understanding complex human
languages, supporting multi-language
communication and nuanced user

interactions.

Machine Vision and Computer Vision:
Used for real-time avatar control,
gesture recognition, facial expressions,
and overall user interactions. Al
enhances visual elements, enabling
realistic avatar actions and interactions.
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Key Technical Aspects of Al in the Metaverse

Blockchain Integration for Data Security

Al integrates with blockchain to enhance
privacy, security, and transaction integrity,
ensuring transparent, secure data while
protecting against cyber threats.

Digital Twins

Digital twins replicate real-world
environments for industries to monitor
and simulate processes, with Al adding

predictive analytics and real-time

monitoring.

@ SWBpED (Huynh-The et al., 2023)



Key Technical Aspects of Al in the Metaverse

Networking and Data Transfer

Al helps optimize 5G/6G networking for smooth data flow, enabling low-latency, high-speed
interactions critical for immersive experiences, like in virtual conferences or gaming.
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Practical Applications of Al
in Metaverse Environments

Senior Care
Dentistry
Gynecology
Oncology
Healthcare
Ophthalmology
Mental Health
Physical Health
Medical Education and Training
Collaborative Learning
Problem-Based Learning
Mixed Reality for New Learning Paradigms
Nuclear Safety Education
Education
Learning Management Systems
Higher Education in the Metaverse
Learning with Augmented Reality
Children Road Safety Education

Blockchain-based games for Metaverse transactions
. . Hid d Seek fe Iti- t k
Gaming & Entertainment P e S S ey S
INREX-VR for gamified user movement and self-

improvement

Solving social problems in the Metaverse
Social change in the Metaverse
People and Society
Educational library orientation
Museum experiences (social and cultural)

Virtual ecosystem for economic activity

NN

Applications of the Metaverse Across
Industries

Marketing and Commerce Retail theater experiences

Trends in AR and VR technology adoption

Educational application simulations
Virtual asset management with voice commands

Differences in virtual vs real environments

T

Simulations Realistic indoor scene simulation

Object-driven visual search algorithm

Cognitive linguistics in simulations driven by
metaphorical mappings
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or The Metaverse Applications

E-commerce

Development of virtual stores

Shopping experience improvement
Personalizing customer experience

Shopping behavior analysis and understanding

Shortening product lifecycle

Machine condition supervision

Fault detection and diagnosis

Production line optimization
Manufacturing scalability and compatibility
Make-to-order manufacturing enterprise
Virtual entities for operating transparency

Physical activity recognition

Sensor-based fall detection

Lesion segmentation in breast image
Non-rigid heart motion estimation

Living assistance and risk awareness
Virtual health centers and hospital
Treatment planning and educative training

DeFi Human Resource

Virtual job fairs

Immersive recruitment experience

Revolution of working style and workplace
Virtual meeting platform supporting metaverse

Cryptocurrency-based financial platform
Leaning, borrowing, farming, and staking
Decentralized exchange and application
Trading products and NFT using crypto

Metaverse's
Applications

Console, mobile, and PC gaming platforms Q}.o% Intelligent transport system
Al-assisted game store telling P y Smart community portal
Procedural content creation 2 Video-based surveillance system

Collaborative home appliances control
Smart environmental trackind and awareness
Sustainable green agriculture

Virtual replication in metaverse ecosystem

Tactical planning for Al agent
Immersive gamming experience evaluation
Al-aided gaming developing optimization
Realistic player-NPC interaction
Real Estate
Virtual land investment in the metaverse
Land and house for trading
NFT-associated real estate in virtual worlds
Cost-efficient marketing channel for real estate companies

(Huynh-The et al., 2023)




Practical Applications of Al in Metaverse Environments

4 )

Virtual consultations and VR-based therapy sessions are enhanced by Al for real-time
monitoring and analysis, improving diagnostics, and expanding healthcare accessibility.

Healthcare ‘_ J
4 )
Hq E Digital twins for urban planning, pollution monitoring, and predictive analytics to
& manage city resources efficiently in virtual models that mirror real-life urban settings.

Smart Cities - J
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Practical Applications of Al in Metaverse Environments

Gaming &
E-Commerce

|l

Manufacturing

Al-driven digital twins simulate production processes, allowing predictive maintenance
and optimizing production line efficiency.

N\

4 )
Al supports real-time, responsive gaming environments and secure marketplaces for
virtual goods. Al-powered content generation tools allow users to create hyperrealistic
digital items.

N /

4 )

J
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Practical Applications of Al in Metaverse Environments

integrates Al for several functionalities: machine learning (ML) models improve the
intelligence of virtual agents, deep learning (DL) models enhance render quality, and Al
frameworks reduce gaming crashes and errors.
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Practical Applications of Al in Metaverse Environments

integrates Al for enhanced 3D visual rendering, avatar intelligence, and control. When
users are offline, Al-driven systems manage avatars autonomously. The decentralized
structure, managed by a DAO, combines VR, Al, and blockchain to provide a seamless,

immersive user experience in virtual shopping, gaming, and social interaction.
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Virtual is the Future, and the Future is here.
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Practical Applications of Al in Metaverse Environments

Star Atlas is avirtual gaming world that incorporates Al for NPC intelligence and strategy. The

game uses POLIS tokens for cross-metaverse trading, allowing users to acquire assets like land

and ships. Al techniques, including ML, enhance gameplay by making interactions and combat
more realistic.

3 emai I@example com
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Practical Applications of Al in Metaverse Environments

enables users to create, monetize, and interact with digital content. It leverages
Al in content curation, advertising, and social interactions. The platform has a three-layer
structure (consensus, content distribution, and real-time interaction) and uses MANA tokens
for in-world transactions.

Decentraland

Findryour people, explore diverse evenas,

and spark your creativity in a virtual world
built and owned by its community.

DOWNLOAD
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Practical Applications of Al in Metaverse Environments

focuses on healthcare in the metaverse, providing services like health analytics and
Al-driven diagnostic support. Patients and doctors interact within a 3D virtual environment,
and users can trade anonymized health data.

¥ DeHealth: Product v About ~ Resources v Contact C Buy Data )

The Medical Data Bank

Welcome to DeHealth — an Al & BlockChain-Based Web App forisecure and
anonymous storage, management, and monetization of anony e?eolth data.

DeHealth connects individuals, healthcare providers;a ers
in a secure and mutually beneficial partnership endabli g a win-win data
exchange of high—-quality, multi-structured datasets:
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METAVERSE
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Practical Applications of Al in Metaverse Environments
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A blockchain-based loT framework with ML to enhance
security & privacy
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A blockchain-based loT framework with ML to enhance
security & privacy
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A blockchain-based loT framework with ML to enhance
security & privacy
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A Data-Driven Digital Twin Framework
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A Common BMI Cycle With Primary Components for
Processing Neural Signals & Responding Neural Stimulations
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Processing Flow of Gonversational Al to deliver
Contextual &Personal Experience to Users

Automated Speech

Recognition
. . Sure, | need your
Hi, I need to IJStenmg 1 |D(—t’b cﬁgckbihe
access a virtual . access
meeting. Dialog Natual Language bermission?
=~ Management _, Generation
r ? Forming Response Offering response
J UN
Natual Language
Understanding j

Comprehending

i T i t i

Machine Learning and Deep Neural Networks

@ SWBpED (Huynh-The et al., 2023)




Conversational Al in the Metaverse



Processing Flow of Gonversational Al to deliver
Contextual & Personal Experience to Users

Conversational Al refers to Al technologies, particularly those based on Natural Language
Processing (NLP), which enable interactions between humans and machines through

I language. This technology powers chatbots, virtual assistants, and other dialogue-based

tools within the metaverse, helping users to navigate, interact, and retrieve information in a

human-like manner.

(Huynh-The et al., 2023)




Conversational Al Current Usage in the Metaverse

Enable chatbots and virtual Provide multilingual support
agents that assist users with and context-sensitive
queries, enhance customer responses, improving
support, and simulate human accessibility and
interactions. personalization.

Facilitate social interaction

within virtual environments,

enabling more engaging and
responsive experiences.

@ SWBpED (Huynh-The et al., 2023)



Conversational Al Current Usage in the Metaverse -Limitations

Understanding Nuance:

Difficulty in accurately
interpreting complex
language, tone, and context
across different languages or
dialects.

Limited Realism:

Current models may still
produce responses that lack
true conversational depth or

seem repetitive, reducing

immersion.

@ SwapED

(Huynh-The et al., 2023)

Data Dependency:

Requires extensive labeled
data to improve accuracy,
which can be challenging and
costly to obtain.
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The Future of Explainable Al (XAl)

Explainable Al (XAl) is seen as crucial for the future of Al in the metaverse, as it focuses on making
Al decision-making processes transparent and understandable to users.

Applying XAl for ethical Al in the
metaverse, ensuring fairness,
transparency, and accountability,
especially as Al plays a more
significant role in user interaction
and data handling.

Developing models that allow users
to see why certain responses or
recommendations were generated,
enhancing trust in Al-driven
interactions.

Implementing XAl could make
conversational agents more
adaptable, accountable, and
credible, fostering broader adoption
across metaverse applications.

(Huynh-The et al., 2023)




Al in the Metaverse Concerns and Solutions

With vast amounts of personal and behavioral data generated in the metaverse, risks related to
unauthorized access, data breaches, and privacy violations are significant. IoT devices and virtual
interactions create multiple points of vulnerability.

‘ Solution ‘

v Blockchain provides a decentralized ledger that securely records transactions and user
interactions, ensuring data integrity and privacy.

v Federated Learning (FL) trains Al models across decentralized devices, allowing data to remain
local. This approach minimizes privacy risks by keeping sensitive data on users' devices instead of
transferring it centrally.

@ SwapED (Huynh-The et al., 2023)



Al in the Metaverse Concerns and Solutions

The metaverse is vulnerable to cyberattacks such as data tampering, unauthorized access, and
distributed denial-of-service (DDoS) attacks, which can compromise user safety and the platform’s
integrity.

‘ Solution ‘

v Al for Anomaly Detection: Al models monitor for unusual patterns and anomalies in real time,
identifying potential security threats early and mitigating them quickly.

v Blockchain Smart Contracts: Automated contracts on the blockchain can enforce security
protocols, control access, and track transactions, helping to prevent unauthorized activities.

@ SWBpED (Huynh-The et al., 2023)



Al in the Metaverse Concerns and Solutions

Integrating data and systems across different virtual environments and ensuring scalable
infrastructure as the user base grows can be challenging.

‘ Solution ‘

v Standardized Protocols and APIs: Developing standard communication protocols across
platforms can improve interoperability.

v Cloud and Edge Computing: Leveraging cloud and edge computing resources allows the
metaverse to manage large-scale data processing demands, improving scalability.

@ SWBpED (Huynh-The et al., 2023)



Al in the Metaverse Concerns and Solutions

Al-driven decisions in the metaverse may lack transparency, raising questions around fairness,
accountability, and user trust.

‘ Solution ‘

v Explainable Al (XAl): Developing XAl helps clarify how Al systems make decisions, improving user
trust and aligning with ethical standards.

v" Privacy-Preserving Techniques: Methods like differential privacy add noise to data, preserving
user privacy while still enabling data analysis.

@ SWBpED (Huynh-The et al., 2023)



Al in the Metaverse: Benefits

Benefits of Al in the

Metaverse
Enhanced . Advanced Data : :
L Improved Efficiency . Enhanced Security Improved Learning
Personalization and . Analysis and . .
: and Productivity . . and Privacy and Training
[mmersion Decision Making
Personalized Immersive Automates tasks, » Aids decision-making Al-powered systems Virtual tutors and Personalized
: ‘ Focus on creativity Processes vast data . Safeguards user data . . .
experiences based environments enhances , . for businesses and detect and prevent " adaptive learning education through
‘ . . and problem-solving for insights and activities : R,
on user preferences tailored to interests collaboration users cyber threats experiences realistic simulations
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Data (Ethical) Considerations in the Metaverse



Data Privacy & Concerns




Data Privacy in the Metaverse

/ /,
DATA PRIVACY
INTHE
METAVERSE




Ethical Considerations in Data

Privacy Concerns

Data Ownership

Bias on Algorithms
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Ethical Considerations in Data

Priva Cy Conce rns Vast amounts of user data are collected in the

metaverse, from interaction logs to

potentially sensitive biometric data. Key

privacy issues revolve around consent, data

anonymization, and security.

@ SwapED (Anidjar, Packin, and Panezi, 2023)




Ethical Considerations in Data

Who owns the data in the
metaverse?

Data Ownership

This issue becomes more complex with

decentralized platforms where ownership is

shared among various network participants.

@ SwapED (Anidjar, Packin, and Panezi, 2023)



Ethical Considerations in Data

Bias in Algorithms

Al used to personalize metaverse experiences

may inadvertently introduce biases, affecting

user experiences unevenly.

@ SwapED (Anidjar, Packin, and Panezi, 2023)



Conclusion



Conclusion

= Al powers immersive and responsive virtual worlds in the metaverse, transforming user

experiences and enabling intelligent, interactive environments.

= The metaverse's vast data ecosystems, encompassing user interactions, transactions, and
assets, raise crucial privacy, security, and ethical concerns that demand careful management.

= Key Al-driven applications are emerging across industries, from virtual healthcare diagnostics
to real-time smart city monitoring, realistic gaming, and personalized e-commerce.

= Blockchain integration with Al enhances security by protecting data integrity and privacy
through decentralized systems and real-time threat detection.

= Conversational Al is advancing human-like interactions in the metaverse, although it faces

challenges in achieving fully contextual and natural engagement.



Conclusion

= Explainable Al (XAl) is critical for transparency, fostering user trust, and addressing ethical

concerns in complex Al-driven decisions within the metaverse.

= Standardized protocols and scalable infrastructure are essential to support the metaverse’s
rapid growth and ensure seamless interoperability across platforms.

= As Al increasingly influences user experiences, ethical and transparent practices are essential to

uphold fairness, accountability, and trust in virtual spaces.
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Please Contact Us:

Discover More Courses:

Continue your learning journey with us! Visit our website to explore more courses on technology, digital innovation, and beyond.
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