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Abstract: This standard adopts MPAI Technical Specification Version 1 as an IEEE Standard.
The Technical Specification MPAI Metaverse Model (MMM) Architecture specifies terms and
definitions, operation models, functional requirements of processes, etc.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all IEEE standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers involved in technical working groups
are not necessarily members of IEEE or IEEE SA and participate without compensation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning all standards, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement IEEE Standards documents do not
guarantee safety, security, health, or environmental protection, or compliance with law, or guarantee
against interference with or from other devices or networks. In addition, IEEE does not warrant or represent
that the use of the material contained in its standards is free from patent infringement. IEEE Standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is [EEE undertaking to perform any duty owed by
any other person or entity to another. Any person utilizing any IEEE Standards document should rely upon
their own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus balloting process involves the review of documents in English only. In the event that
an IEEE standard is translated, only the English language version published by IEEE is the approved IEEE
standard.

Use by artificial intelligence systems

In no event shall material in any IEEE Standards documents be used for the purpose of creating, training,
enhancing, developing, maintaining, or contributing to any artificial intelligence systems without the
express, written consent of IEEE SA in advance. “Artificial intelligence” refers to any software,
application, or other system that uses artificial intelligence, machine learning, or similar technologies, to
analyze, train, process, or generate content. Requests for consent can be submitted using the Contact Us
form.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual is not, and shall not be considered or inferred to be, the official position of IEEE or any
of its committees and shall not be considered to be, or be relied upon as, a formal position of IEEE or IEEE
SA. At lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE
standards shall make it clear that the presenter’s views should be considered the personal views of that
individual rather than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working
Group. Statements made by volunteers may not represent the formal position of their employer(s) or
affiliation(s). News releases about IEEE standards issued by entities other than IEEE SA should be
considered the view of the entity issuing the release rather than the formal position of IEEE or IEEE SA.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of
interests. For this reason, IEEE and the members of its Societies and subcommittees of the IEEE SA Board
of Governors are not able to provide an instant response to comments or questions, except in those cases
where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in evaluating comments or revisions to an
IEEE standard is welcome to join the relevant IEEE SA working group. You can indicate interest in a
working group using the Interests tab in the Manage Profile & Interests area of the IEEE SA myProject
system.! An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.?

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2 Available at: https://standards.ieee.org/about/contact/.
iv
Copyright © 2024 IEEE. All rights reserved. Doc um ents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 07,2026 at 01:47:03 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 3305-2024


http://www.avadocuments.com/doc/ieee-3305-2024
http://www.avadocuments.com/doc/ieee-3305-2024

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable
regulatory requirements. Implementers of the standard are responsible for observing or referring to the
applicable regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action
that is not in compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, neither IEEE nor its licensors waive any rights in
copyright to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.
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In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.? For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard
number and year of approval to access the web page of the published standard. Errata links are located
under the Additional Resources Details section. Errata are also available in IEEE Xplore. Users are
encouraged to periodically check for errata.

Patents

IEEE standards are developed in compliance with the IEEE SA Patent Policy.®

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard’s development. IEEE standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, data privacy, and
interference protection practices and all applicable laws and regulations.

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.
4 Available at: https://standards.ieee.org/standard/index.html.
5 Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.
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MPAI Technical Specification

MPAI Metaverse Model (MPAI-MMM)
Architecture

\'A

WARNING

Use of the technologies described in this Technical Report may infringe patents, copyrights, or
intellectual property rights of MPAI Members or non-members.

MPALI and its Members accept no responsibility whatsoever for damages or liability, direct or
consequential, which may result from the use of this Technical Report.

Readers are invited to review Annex 2 - Notices and Disclaimers.
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Technical Specification
MPAI Metaverse Model (MPAI-MMM)
— Architecture V1
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1 Introduction (Informative)

Metaverse is a word conveying different meanings to different persons and to date some 150 def-
initions have been formulated. In this document the word metaverse is characterised as “a system
that captures data from the real world (in the following, called Universe'), processes it, and com-
bines it with internally generated data to create virtual environments that users can interact with”.
So far, the developers of many systems responding to this characterisation have made technology
decisions that best responded to their needs, often without considering the choices that other de-
velopers might have made for similar purposes.

Recently, however, there have been mounting concerns that such metaverse “walled gardens” do
not fully exploit the opportunities offered by current and expected technologies. Calls have been
made to make metaverse instances (in the following, M-Instances) “Interoperable”.

MPAI — Moving Picture, Audio, and Data Coding by Artificial Intelligence — the international,
unaffiliated, non-profit organisation developing standards for Al-based data coding — has provided
initial contributions to M-Instance Interoperability with two Technical Reports:

1. Technical Report: MPAI Metaverse Model (MPAI-MMM) — Functionalities [1] has in-
troduced the following elements:

1.1. A set of definitions.

1.2. A set of assumptions, the most important of which are that metaverse:

1.2.1. Is a broad notion that may be used by different industries for different purposes.

1.2.2. Needs technologies, some of which do not even exist with satisfactory performance.

1.2.3. The notion of profile may help improve Interoperability.

1.3. A collection of high-level use cases.

1.4. A collection of exemplary service providers.

1.5. An organised set of ~150 Functionalities.

1.6. A review of the main metaverse-enabling technologies.

1.7. An analysis of metaverse governance needs.

1.8. The MPAI metaverse standardisation roadmap.

2. Technical Report: MPAI Metaverse Model (MPAI-MMM) — Functionality Profiles [12]

has introduced the following elements:

2.1. Arevised and extended list of definitions.

2.2. An operation model of the metaverse based on the notion of Processes performing or re-
questing other Processes to perform Actions on Items (Items are Data supported by an M-
Instance).

2.3. A specification of a first set of Actions, Items, and Data Types enabling:

2.3.1. Detailed descriptions of Use Cases using Actions, Items, and Data Types.

2.3.2. The definition of Functionality Profiles, i.e., subsets of Actions, Items, and Data Types that

satisfy a selected subset of identified Functionalities.

2.4. A collection of representative use cases tested against the Operation Model.

2.5. Four initial Functionality Profiles.

Technical Specification — MPAI Metaverse Model (MPAI-MMM) — Architecture provides
means to achieve M-Instance Interoperability by specifying the Functional Requirements of Pro-
cesses, Actions, Items, and Data Types that allow Interoperation of two or more M-Instances im-
plementing the Operation Model, executing Processes, and producing Data with Formats that

' Words beginning with a capital letter are defined in Chapter 3.
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comply with the Functional Requirements of this Technical Specification, possibly via a Conver-
sion Service.

Chapters, Sections, and Annexes are Normative unless they are explicitly identified as Informative.

2  Scope

Technical Specification: MPAI Metaverse Model (MPAI-MMM) — Architecture specifies:

1. Terms and Definitions

2. Operation Model

3. Functional Requirements of Processes, Actions, Iltems, and Data Types

4. Functional Profiles

enabling Interoperability of two or more metaverse instances (M-Instances) if they:

1. Rely on the Operation Model, and

2. Use the same Profile Architecture, and

2.1. Either the same technologies, or

2.2. Independent technologies while accessing Conversion Services that losslessly transform
Data of an M-Instancea to Data of an M-Instances.

Note: Full Interoperability may not be achieved if the M-Instances implement different Profiles.

The contents of this Technical Specification: MPAI Metaverse Model (MPAI-MMM) — Architec-

ture is:

1 Scope Normative
2 Terms and Definitions Normative
3. | Metaverse Functionalities Informative
4 Metaverse Operation Model Normative
5. | Functional Requirements of:

5.1. | Processes, i.c., Programs executing in an M-Instance Normative
5.2. | Actions, i.e., Functionalities provided by Processes Normative
5.3. | Items, i.e., Data and Metadata supported by an M-Instance | Normative
5.4. | Data Types, i.e., Data used in Actions and Items Normative
6. | Use Cases Informative
7. | Functional Profiles Normative

This Technical Specification has been developed by the MMM group of the Requirements Stand-
ing Committee. MPAI may decide to publish extensions or new versions of this Technical Speci-
fication, or other Technical Specifications of the MPAI-MMM series.

3 Terms and Definitions

Terms beginning with a capital letter have the meaning defined in Table 1. Terms beginning with
a small letter have the meaning commonly defined for the context in which they are used. For
instance, Table 1 defines Object, Scene, and User but does not define object, scene, and human.

A dash “-” preceding a Term in Table 1 means the following:

1. If the font is normal, the Term in the table without a dash and preceding the one with a dash
should be placed before that Term. The notation is used to concentrate in one place all the
Terms that are composed of, e.g., the word Decentralised followed by one of the words
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Application, Autonomous Organisation, Finance, System, and User Identifier, or definitions
belonging to the same class, e.g., Action and Items.

2. If the font is italic, the Term in the table without a dash and preceding the one with a dash
should be placed after that Term. The notation is used to concentrate in one place all the Terms
that are composed of, e.g., the word Interface preceded by one of the words Brain-Computer,
Haptic, Speech, and Visual.

Table 1 — General Terms and Definitions
Terms Definitions

Account An Item that uniquely references a Registered human.

Action A Functionality provided by a Process.

- Authenticate The Action of requesting that a Service confirm that an Entity is what it
claims to be.

- Author The Action of Calling a Service to obtain an Entity with associated Out-
Rights to Act on the Entity.

- Change The Action of requesting that a Service modify the Rights of a User and
provide OutRights, e.g., to further Change the Rights.

- Convert The Action of requesting that a Service change the Format of the Data of
an Item into a Format specified by a FormatID.

- Discover The Action of requesting that a Service provide a DiscoveryOut Item con-
taining:

1. The IDs of the Items relevant to the User’s request to Discover ex-
pressed in the Discoverln Item
2. The OutRights to Act on the DiscoverOut Item.

- Execute The Action of requesting that a Process execute a Contract.

- Hide The Action of requesting that a Service make the ID of an Item unavailable
and provide OutRights, e.g., to make the ID available again.

- Identify The Action of requesting that a Service produce an Item from Data &
Metadata.

- UM-Import The Action of a User requesting that a Service read Data & Metadata stored
at an Address.

- Inform The Action of requesting that a Service provide an InformOut Item con-
taining information about an Inltem, such as the Metadata of the Inltem,
with the OutRights to Act on the InformOut Item.

- Interpret The Action of requesting that a Service provide an InterpretOut Item con-
taining interpretation of an Inltem, such as translation or extraction of Per-
sonal Status, with the OutRights to Act on the InterpretOut Item.

-  MM-Add The Action of requesting that a Service add an Entity at an M-Location with
a Spatial Attitude and provide OutRights to Act on the MM-Added Entity.

- MM-Animate The Action of requesting that a Service change the features of a Model
MM-Embedded at an M-Location with a Stream and provide the OutRights
to Act on the MM-Added Entity.

- MM-Disable The Action of requesting that a Service stop MM-Enabling selected Entities
Embedded at an M-Location and provide OutRights to Act on the MM-
Disabled Entities.

- MM-Embed The Composite Action of requesting that a Service MM-Add and MM-En-
able an Entity either located at a Service or at an M-Location at a
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destination M-Location with a Spatial Attitude and provide OutRights to
Act on the MM-Embedded Entity.

MM-Enable The Action of requesting that a Service accept requests to MM-Send se-
lected Entities MM-Added at an M-Location or to MM-Embed those se-
lected Entities at a destination M-Location and provide OutRights to act on
the M-Entities.

MM-Send The Action of requesting that a Process forward an Item or Data/Metadata
to a Process with appropriate granting Rights.

Modify The Action of requesting that a Service produce a new Item from an exist-
ing Item by providing new Data and Metadata with the OutRights to further
Act on the new Item.

MU-Actuate The Action of requesting that a Device present an Entity available at a De-
vice to a U-Location as Media with a Spatial Attitude.

MU-Render The Composite Action of requesting that:

1. A Service MM-Send selected Entities Embedded at an M-Location to a
Device.

2. The Device MU-Actuate at a U-Location with a Spatial Attitude the
Entity received.

MU-Send The Action of requesting that a Process transmit an Item to a Device or
store an Item at an Address.

Post The Action of requesting that a Marketplace include an Asset to its reper-
tory of Assets.

Register The Action of a human requesting that an M-Instance grant their Users the
Rights to perform Actions in the M-Instance.

Resolve The Action of requesting that a Service forward a Request-Action or a Re-
sponse-Action to a Resolution Service in another M-Instance.

Track The Composite Action of requesting that a Service:

1. MM-Embed a Model at an M-Location with a Spatial Attitude.
2. MU-Animate the Model MM-Embedded at an M-Location.
3. MU-Render specified Entities at the M-Location to a U-Location.

Transact The Action of a User: requesting that a Service:

1. Assign Rights on an Asset to User2 (“buyer”).
2. Cause:
2.1. Wallet: of Useri (“seller”) to be increased by Value:.
2.2. Walletz of User: to be decreased by Valueo.
Wallets of the Service enabling/facilitating the Transaction to be increased
by Values (optionally).
UM-Animate The Composite Action of a User requesting:
1. A Device to
1.1. UM-Capture an animation stream extracted from a scene at a U-
Location.
1.2. UM-Send the animation stream and Metadata to a User.
2. A Service to Identify the Animation Stream.
3. A Service to MM-Animate the Model MM-Embedded at the M-Loca-
tion using the Animation Stream.

UM-Capture The Action of requesting that a Device capture Media from a scene at a U-
Location.

UM-Render The Composite Action of a User requesting:

1. A Device to:
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1.1. UM-Capture a scene at U-Location.
1.2. MM-Send Data and Device-provided Metadata to a User.
2. A Service to:
2.1. Identify an Entity from UM-Sent Data and Metadata.
2.2. MM-Embed the Entity at an M-Location with a Spatial Attitude.

- UM-Send The Action of a Device acquiring Data & Metadata from an Address.

- Validate The Action of requesting that a Service verify that a Process has the Rights
to perform or request a Process to perform an Action on an Item.

Avatar A rendered User (synonym of Persona).

Blockchain A shared immutable ledger stored on a peer-to-peer network of computers.

Certification The attestation that a Process or Item has specified characteristics.

Connected Autono-
mous Vehicle

(CAV) A vehicle able to autonomously reach a U-Location by using its
own sensing and processing capabilities to generate an M-Instance, sharing
its M-Instance with other CAVs and issuing actuation commands.

Conversion The process of changing the Format of Data.

Data Information represented in digital form.

- Format The syntax and semantics of Data.

DataMdata The combination of Data and Metadata that is not (yet) an Item.
Data Type Data used in Actions and Items.

- Address The URL of a storage facility.

- Amount A number expressing a Value in a Currency.

Cognitive State

The representation of a User’s Personal Status that reflects the way they
understand the environment, such as “Confused”, “Dubious”, “Con-
vinced”.

- Coordinates A set of numbers representing a Position in a Metaverse environment using
a coordinate system.

- Currency A medium of exchange enabling Transactions in a Metaverse environment.

- Emotion The representation of a User’s Personal Status that results from their inter-
action with an environment, such as “Angry”, “Sad”, “Determined”.

- Orientation The set of the 3 roll, pitch, yaw angles indicating the rotation around the

principal axis (x) of an Object, its y axis having an angle of 90° counter-
clockwise (right-to-left) with the x axis and its z axis (pointing up toward a
viewer viewing from above).

- Personal Status

The representation of the information internal to a User characterising their
behaviour.

- Point A point in an M-Environment identified by the set of local Coordinates.

- Point of View | The Spatial Attitude of a Persona watching an Environment.

- Position The Coordinates of a point in a Metaverse Environment using a Coordinate
system.

- Social Attitude | The representation of a User’s Personal Status related to the way it intends
to position vis-a-vis an environment, e.g., “Respectful”, “Confrontational”,
“Soothing”.

- Spatial Attitude | The Position and Orientation of an Entity, and their velocities and acceler-
ations.

- Time The representation of the measure of time.

Decentralised

- Application (dApp) A Process that runs on a decentralised computing system.

- Autonomous (DAO) An organisation without centralised leadership, where the main

Organisation governing rules are typically encoded by means of a Smart Contract.
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- Finance (DeFi) A financial technology based on a secure infrastructure of distrib-
uted ledgers like those used by crypto currencies.

- System A set of dApps enabling a group of Users to make decisions without a cen-
tralised entity.

Device Equipment enabling:
- A U-Environment to interact with an M-Instance and/or
- An M-Instance to interact with a U-Environment.

Duty A moral or legal obligation to act or behave.

Entitlement The state of a User having certain Rights in an M-Instance.

Functional Re- | A Functionality that is expected to be provided by an entity.

quirement

Human

- Digital Either a Digitised or a Virtual Human.

- Digitised The digital representation of a human.

- Virtual A computer-created Object that has a human appearance when rendered but
is not a Digitised Human.

Governance The action or manner of directing and controlling actors of the Metaverse
Ecosystem.

Information  and | (ICT) Technologies that enable the processing and distribution of infor-

Communication mation via the network.

Technologies

Interface A communication pathway enabling systems to interact.

- Brain-Com- (BCI) A communication pathway that allows a human to interact with an

puter M-Instance by sensing and processing the electrical activity of the brain.

- Haptic A communication pathway that allows a human to interact with an M-In-
stance through bodily movements and sensations.

- Speech A communication pathway that allows a human to interact with an M-In-
stance using spoken language.

- Visual A communication pathway that allows a human to interact with an M-In-
stance through bodily movements and visual messages.

Interoperability The ability of an M-Instance to exchange and make use of the data of an-
other M-Instance.

Item Data and Metadata supported and identified by an M-Instance.

- Account An Item that uniquely references a human who has Registered. A User may
have more than one Account with one or more Services.

- Activity Data An Item containing the record of all the Actions made by a User.

- Asset An Item that may be the object of a Transaction. It may be MM-Embedded
at an M-Location or Posted to a Service.

- AuthenticateIn | An Item containing:
1. The Entity or the ID of the Entity to be Authenticated.
2. Information related to the rendering of AuthenticateOut.

- Authenti- An Item containing the result of processing the Request-Authenticate Ac-

cateOut tion and its rendering.

- Contract A Program and its Metadata stored on a Device. It is activated by an exter-
nal entity, e.g., a User, or another activated Contract.

- Discoverln An Item containing:
1. A description of the Items to be Discovered.
2. Information related to the rendering of DiscoverOut.
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DiscoverOut An Item containing the description of the Items Discovered and information
related to its rendering.

Entity Any of the following Items that can be MU-Rendered: Object, Model,
Scene, Event, and Experience.

Event An Entity that includes selected Entities at an M-Location and their Ani-
mations during a period.

Experience An Entity comprising User-selected Entities of an Event and the User In-
teractions with the Entities of the Event.

Identifier An Item that uniquely references an Item in an M-Instance.

InformIn An Item containing:
1. A description of the Item about which information is requested.
2. Information related to the rendering of InformOut.

InformOut An Item containing the description of the Item object of an Informln.

Interaction An Item containing the Request-Action issued by a User on an Entity at an
M-Locations and the corresponding Times.

Interpretin An Item containing:
1. The ID or the Item to be Interpreted.
2. Information related to the rendering of InterpretOut.

InterpretOut An Item containing the description of the Item object of an Interpretin Item.

Ledger An Item containing a list of Transactions involving Assets.

Map An Item containing a structure establishing a correspondence between U-
Locations with M-Locations.

M-Environ- An Identified subset of an M-Instance.

ment

Message An Item containing application-specific Data MM-Sent by a Source Pro-
cess to a Destination Process.

M-Instance An implementation of the Common Metaverse Specifications.

M-Location An Identified delimited space of an M-Environment.

Model An Object representing an object with its features ready to be MM-Ani-
mated or UM-Animated.

Object An Item with at least one of Audio, Visual, or Haptic perceptibility attrib-
utes.

Obligation An Item expressing the promise of a Process to perform Actions on Items
at M-Locations during a Time.

Persona A Model representing a human.

Personal Profile | An Item containing the Data about the human represented by a User.

Program Data that can be executed

Provenance The Ledger associated with a specific Asset.

Request-Action | An Item of the request to a Process to perform an Action as defined in this
document.

Response-Ac- | An Item containing the response of a Process to a Request-Action as de-

tion fined in this document.

Rights An Item expressing the Process’s authorisation to perform Actions on Items
at M-Locations during a Time.

Rules An Item expressing the terms and conditions under which a User operates
in an M-Instance or M-Environment.

Scene A possibly hierarchical Composition of Objects having Spatial Attitudes.

Social Graph A representation of a User’s network of connections with Items, M-Loca-
tions, and Processes.
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- Stream An Item made by a continuous flow of Data.

- Transaction Item representing the changed state of the Accounts and the Rights of a
seller User and a buyer User on an Asset and optionally of the Service fa-
cilitating/enabling the Transaction

- U-Location An identifiable delimited portion of the Universe.

- Personal Data | An Item containing Activity Data, Personae, and Social Graph of a User.

- Value An Amount and the Currency with which the Amount is expressed.

- Wallet A container of Currency units. In general, a Wallet is implemented outside
of the M-Instance.

Level A subdivision of a Profile indicating the completeness of the user experi-
ence provided by the Profile.

Media 1. Data acquired by a Device using a Sensor.
2. Data converted by a Device from an Item to a format that can be pre-

sented.
Metadata An attribute of Data, e.g., of a human, a Process, an M-Location, a U-Lo-

cation, or an Item.

Metaverse Instance | (M-Instance) A set of Processes providing some or all the following func-

tions:

1. To sense data from U-Locations.

2. To process the sensed data and produce Data.

3. To produce one or more M-Environments populated by Objects that can
be either digitised or virtual, the latter with or without autonomy.

4. To process Objects from the M-Instance or potentially from other M-
Instances to affect U- and/or M-Environments using Objects in ways
that are:

4.1. Consistent with the goals set for the M-Instance.
4.2. Effected within the capabilities of the M-Instance.
4.3. Complying with the Rules set for the M-Instance and applicable

laws.
- Actuator A component of a Device able to MU-Render an Entity and environment
Data to a U-Environment.
- Asset An Item Embedded at an M-Location or Posted to a Service that may be
the object of a Transaction.
- Ecosystem The ensemble of entities and rules ensuring that Metaverse Instances oper-

ate in the interest of Metaverse Stakeholders.
- Enabling Ser- | The set of Services such as payment, security, identity, privacy, etc. that

vice Layer enable operation of an M-Instance.

- Entity Any of the following Items that can be MU-Rendered: Scene, Object,
Model, Event, and Experience.

- Environment (M-Environment) A portion of an M-Instance run by a Registration system.

- Experience The set of functions, such as Devices, that generate Experiences.

Layer

- Functionality The attribute of a Process of being endowed with the capability of perform-
ing particular Action(s).

- Industry The collection of players that support the design, development, deploy-
ment, operation, and content and service provisioning to Metaverse In-
stances.

- Instance (M-Instance) An implementation providing all or a subset of the Metaverse
Functionalities.
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Interoperability

The ability of M-Instance #1 to use data from and as intended by M-In-
stance #2. Interoperability can be Direct or Mediated by a Conversion Ser-
vice.

- Infrastructure The set of functions such as network, transport, storage, and (cloud, edge)
Layer processing that enable an M-Instance to operate.

- Item Metaverse-specific Data that may include Metadata that may include
Rights.

- Level A subdivision of a Profile that indicates the degree of completeness of the
user experience provided by that Level.

- Location (M-Location) An identifiable delimited portion of the Metaverse.

- Manager The entity overseeing the operation of an M-Instance.

- Operation The components and sequence of steps involved in an M-Instance provids

Model Functionalities.

- Operator The entity overseeing the operation of an M-Environment.

- Partner A User participating in activities of a Metaverse Operator (i.e., a business
customer of an Operator)

- Platform Layer | The set of Services, such as content creation, content discovery, and content
access functions that enable an M-Instance to operate.

- Process The instance of a program being executed.

- Profile A recognised subset of the Functionalities (Functionality Profile) or Tech-
nologies (Technology Profile) specified by the Common Metaverse Speci-
fications.

- Sensor A Device able to UM-Capture a scene and other environment information
as Data.

- Specification The collection of standards specifying the Technologies and Technology
Profiles enabling Metaverse Interoperability.

- Stakeholder An entity performing a function aimed at achieving a goal in an M-Instance.

- State The set of values and stored data of an M-Instance at a given time.

- Tool A Technology or group of Technologies enabling an M-Instance to provide
a Functionality.

- Technology A structured application of scientific and/or technical methods that supports
a Functionality.

- User One or a set of Processes representing a human.

Object

- Audio The digital representation of an object or a computer-generated Object that
can be rendered to and perceived by a human ear.

- Autonomous A Virtual Object animated by a Process giving it the ability to act (e.g.,
move, speak, respond, execute) with a degree of autonomy.

- Composite An Object that includes more than one Object Type.

- Digital A Digitised or a Virtual Object.

- Digitised The digital representation of an object.

- Haptic An Object with the haptic features of an object able to be rendered to pro-
vide haptic sensations in a human.

- Human An Object representing a human.

- Speech The digital representation of a sound emitted by the vocal tract of a human
or generated by a computer with similar audio characteristics.

- Type One of Audio, Visual, Haptic, Olfaction, and Gustation.

- Virtual A computer-generated Object that is not a Digitised Object.
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- Visual The digital representation of an object captured by an electromagnetic or
high-frequency audio signal or computer-generated that can be rendered to
and perceived by a human eye.

Oracle A Service providing information from a U-Environment to a Blockchain.

Privacy The Rights of a User to keep their Personal Profile secret.

Process

- App An application-specific Program executed on a Device.

- Capability The characteristics of a Process.

- Device A Process able to:

1. UM-Capture Data from a U-Location

2. UM-Send Data and Metadata to a User.

and/or

1. MM-Send an Entity from an M-Location to the Device.
2. MU-Render an Entity at a U-Location.

- Service A Process that can be called to provide specific Functionalities.

- User A Process representing a human that is UM-Animated by a Stream or MM-
Animated by an autonomous agent.

- App An application-specific Program executed on a Device.

- User A Process representing a UM-Captured human as a Persona that are either
UM-Animated by a Stream or MM-Animated by an autonomous agent.

Profile A set of base standards and/or their subsets.

- Functional The set of Functionalities offered by a Metaverse Profile.

- Technology The set of Technologies offered by a Metaverse Profile.

Registration The provisioning by a human of a subset of Personal Data to an M-In-
stance/Environment to obtain an Account.

Render The process of making an Item perceptible by human senses.

Representation Data that represent an entity of a U-Environment in an M-Instance.

Sense of

- Agency The subjective awareness of being able to decide, execute, and control one's
own actions in an M-Environment.

- Embodiment The engagement of senses to form a complete M-Instance Experience.

- Presence The feeling of being in an M-Instance with other Digital Humans for real.

Service

- Conversion A Service converting the Data produced by an M-Instancea into Data un-
derstood and acted upon by M-Instances as intended by M-Instancea.

Smart Contract A Program stored on a Blockchain that runs when activated by an external
entity, e.g., a User or another Smart Contract.

Token

- Fungible A representation of an Asset that is interchangeable with other Assets of
the same type.

- Non-Fungible | (NFT) A unique digital identifier of an Asset that:

- Cannot be copied (i.e., a copy is known to be a copy), substituted, or
subdivided.

- Isrecorded in a digital ledger.

- Isused to certify Object authenticity and ownership.

Trust-less system A system allowing a User to make reliable Transactions without trusting or
knowing the parties the User makes Transactions with.

Universe The physical world.

- Location (U-Location) An identifiable delimited portion of the Universe.
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Use Case An example of how an application domain can be supported by an M-In-
stance/Environment.

User Keys The pair of public and private keys where the public key is used to encrypt,
and the private key is used to both encrypt and decrypt Data.

User Identifier
- Decentralised | An Identifier that enables the verifiable association with a User without
requiring a centralised registry.

- Self-Sovereign | A Decentralised Identifier derived from the User's Public Key owned and
managed directly by the User based on the knowledge of their own Private
Key, e.g., stored in the Crypto Wallet enabled by the Blockchain underpin-
ning the Metaverse Instance.

Wallet

- Crypto Software or hardware holding the Public and Private Keys of a User to en-
able them to make Transactions by accessing their Account on a Block-
chain.
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5 Metaverse Functionalities

This Chapter collects the Functionalities of an M-Instance supported by this Technical Specifica-
tion. Terms beginning with a small letter have the common meaning, Terms beginning with a
capital letter are defined in Chapter 3.

5.1 M-Instance

An M-Instance

1. Is characterised as a set of Processes providing some or all the following functions:

2. Sensing data from U-Locations using Devices.

3. Processing the sensed data and producing Items.

4. Producing one or more M-Environments populated by Items either imported or internally gen-
erated.

5. Processing Objects from the M-Instance or potentially from other M-Instances to affect U-
and/or M-Environments in ways that are:

5.1. Consistent with the goals set for the M-Instance.

5.2. Effected within the capabilities of the M-Instance.

5.3. In compliance with the Rules set for the M-Instance and the applicable laws.

6. May operate in a centralised or decentralised way.

7. May be subdivided in administratively separated M-Environments.

8.  Monitors:

8.1. The Rights held by Processes on Processes to Act on Items at M-Locations.

8.2. The Entities placed at M-Locations with a Spatial Attitude.

9. Should be secure, e.g., to prevent malicious Users from:

9.1. Accessing the Account of a human who is not the human represented by the User.

9.2. Taking control of a Process.

9.3. Acting on Items for which it does not have Rights.

10. Should withstand denial of service attacks.

5.2 Processes

1. Process types

1.1. Devices: they connect U-Locations with M-Locations and vice-versa.

1.2. Users: they represent humans and are humans’ agents in the M-Instance or on Devices.

1.3. Apps: they run on Devices. A User may be an App running on a Device.

1.4. Services: they are generic Processes providing Functionalities.

2. Certification

2.1. Processes may be connected or imported to an M-Instance if they have passed Certification.
2.2. Contracts may be imported to an M-Instance if they have passed a Certification Process.

5.3 Rules

An M-Instance may be governed by Rules that may include:

The Personal Data retention, processing, and access policy.

The Rights and Obligations, e.g., ethical behaviour of Users.

The permission-based or permission-less access policy to M-Environments.
The trusted or trust-less relationship between Users and M-Instance.

The subset of required for each Account type.

The sanctions applied to a User whose Actions do not comply with the Rules.

Sl e

5.4 Registration
1. A human, possibly on behalf of a legal entity, may Register with an M-Instance.
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2. The M-Instance may

2.1. Request:

2.1.1. A subset of the human’s Personal Profile.
2.1.2. WalletIDs

2.1.3. Users

2.1.4. Personae

2.2. Create an Account with AccountID including:
2.2.1. The subset of the human’s Personal Profile.
2.2.2. WalletlDs

2.2.3. Users

2.2.4. Personae

2.2.5. Rights and Obligations

3. Personal Profile may have a scalable representation to enable an easy creation of a subset.

5.5 Rights

5.5.1 General Rights

Rights may include:

1. The maximum number of:

1.1. Users a human can deploy.

1.2. Personae a User can be rendered as.

1.3. Concurrent Users and Objects an M-Location can support.
2. The ability to:

2.1. Create persistent (as opposed to ephemeral) Scenes at M-Locations.
2.2. Store, search, and retrieve Experiences.

2.3. Develop economic activities.

2.4. Book M-Locations for a duration.

2.5. Support persistent storage.

2.6. Connect with or import Processes to an M-Instance.

2.7. Make Transactions to acquire Rights.

5.5.2 Perception Rights

A User may, depending on the Rights it holds:

1. Perceive scenes at U-Locations as captured by Devices endowed with audio, visual, haptic,
and BCI capabilities, and the spatial attitudes of their objects.

Receive Messages from a U-Location as a result of an event there.

Import audio, speech, visual, and haptic models.

Perceive Entities.

Render perceived Entities at a U-Location with spatial attitudes.

Import Data and Metadata from and export Items to an Address.

ISARRANE SR N

5.5.3 Interaction Rights
A User may, depending on the Rights it holds:

1. Interrogate a Process about its Functionalities.
2. Interact with Entities.
3. Send public or private Speech, Visual, and Haptic Messages to Users.
4. Send selected Entities to a User.
5. Place Entities with Spatial Attitudes.
6. Animates Models.
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5.5.4 Service access Rights

A User may, depending on the Rights it holds, perform or request a Process to perform:

I e

— = 0 %N

0.
1

12.
13.
14.
15.

Author an Item.

Authenticate an Item.

Change the Rights of a Process.

Discover Objects, Processes, Events, or Experiences.

Find the Transactions involving an Asset under specified conditions.
Obtain an interpretation of an Item, e.g.:

Request From To
Extract Text Personal Status
Extract | Speech Text

Translate | Text or Speech Text or Speech
Extract Face and/or Gesture | Personal Status

Obtain Conversion of an Item from a Format to another Format.

Obtain information about a Process or an Item.

Obtain a recommendation of Processes or Items.

Record all the Actions made by a User (Activity Data) at an M-Location during a time.

. Create a representation of a User’s network of connections with Items, M-Locations, and Pro-

cesses (Social Graph).

Posts an Item that can be Transacted (Asset) to a marketplace.
Retrieve Objects, Events, or Experiences.

Store Objects, Events, or Experiences.

Formulate:

15.1. The information it intends to obtain from a Service.
15.2. The Rights it intends to acquire on the response of the Service.
15.3. How the response should be rendered.

5.5.5 Acquisition of Rights
A User may acquire, or have as part of its Account the Rights to:

e~ A e

0.
1.

Perform or request another User to perform Actions on Items.

Develop an economic activity in an M-Environment.

Make an Asset out of an Item.

Make a Transaction on an Asset specifying which Rights to the Asset it grants to the buyer.
Make an agreement with another user, e.g., via a Contract.

Copy or Modify, i.e., change Data (e.g., by editing it) and/or Metadata of an Item.

Change the settings and attributes of Entities of an M-Locations (e.g., SFX during a concert).
Set the Point of View from which it perceives a Scene.

Make inaccessible to any User an Item for which it has Rights.

Make or request a Process to make Actions in its own or another M-Instance.

Be rendered as one of the Personae uploaded at registration time.

5.6 Personae
A Persona may:

—_—

2.
3.
4

Faithfully reproduce the visual appearance of the human.

Have their visual appearance altered, compared to that of the human.
Have an unrelated visual appearance.

Display a presumptive Personal Status in speech, face, and gesture.
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5. Bedriven by
5.1. The movements of the human.
5.2. A Process.

5.7 Locations

1. An M-Location may be:

1.1. Private, i.e., only a User or a group of Users have Rights to it.

1.2. Public, i.e., a Metaverse Operator or a User grant anybody the Rights to enter, move in, and
perceive the M-Location.

1.3. Persistent

1.4. Ephemeral.

2. A U-Location

2.1. May require that a User hold Rights to Capture a scene, Render a Scene, or store Data at an
Address.

5.8 Objects and Scenes

1. An Object may:

1.1. Be Virtual, i.e., Authored in an M-Instance.

1.2. Be Digitised, i.e., Digital Twins of objects.

1.3. Be Autonomous, i.e., Animated by a Process.

1.4. Have Audio, Visual, or Haptic attributes, or combinations of these attributes.
2. A Scene may be composed of:

2.1. Only Virtual Objects.

2.2. Only Digitised Objects.

2.3. Partly Virtual and partly Digitised Object.

5.9 Identifiers

1. All Items have an Identifier.

2. An Identifier:

2.1. Uniquely references an Item or a Process.

2.2. May be issued by a central, distributed, or no authority.

2.3. May have a Format accepted by more than one M-Instance.

2.4. May enable to trace the Identifier of an Item back to the Item that spawned the Asset.

2.5. May enable to trace the Identifier of a Modified Item back to the Item that spawned the
Modified Item.

6 Metaverse Operation Model

A M-Instance operates according to the following Metaverse Operation Model.
1. An M-Instance is an Information and Communication Technology platform operating accord-
ing to this Technical Specification and providing the following general functions:
1.1. To sense data from U-Locations.
1.2. To process the sensed data and produce Data.
1.3. To produce one or more M-Environments populated by Objects that can be either digitised
or virtual, the latter with or without autonomy.
1.4. To process Objects from the M-Instance or potentially from other M-Instances.
1.5. To affect U- and/or M-Environments using Objects in ways that are:
1.5.1. Consistent with the goals set for the M-Instance.
1.5.2. Within the Capabilities of the M-Instance.
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1.5.3. According to the Rules of the M-Instance.
1.5.4. Respecting applicable laws and regulations.
2. An M-Instance
2.1. May be subdivided in administratively separated M-Environments.
2.2. May make its Capabilities known.
2.3. May allow a human to Register with the M-Instance or one of its M-Environments.
2.4. May request a Registering human to provide a subset of their Personal Profile.
2.5. May give a Registered human the Rights to deploy one or more:

2.5.1. Users and Devices each with M-Instance-specific Rights.

2.5.2. Personae, i.e., human-like, or humanoid Models used by deployed Users to render
themselves.

2.6. May establish Rules that the Users in the M-Instance shall comply with.
2.7. May penalise Users for lack of compliance with the Rules.
3. An M-Instance
3.1. Is implemented as a set of Processes providing Functionalities defined by this Technical
Specification.
3.2. Creates Items by processing sensed data and autonomously produced data.
3.3. Employs Data Types to represent entities such as Amount (of a Currency), length, area,
and volume etc.
4. An M-Instance may support four types of Processes:
4.1. User represents and is under the control of a human who has Registered with the M-In-
stance. A User may run on the M-Instance or on a Device connected to the M-Instance.
4.2. Device is one or more Processes running on a physical device connecting M-Locations to
U-Locations, specifically the Registered human, by:

4.2.1. Capturing scenes as Media and providing Media as Data/Metadata (U-Location to
M-Location). Data/Metadata shall be Identified as an Item to enable Processes to per-
form Actions.

4.2.2. Receiving an Entity and rending it as Media with a Spatial Attitude (Position and
Orientation) — M-Location to a U-Location.

4.3. Service provides specific functionalities.
4.4. App runs on a Device. A Device may run the User Process as an App.

.,\

v v - Process
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Figure 1 - The human-device-user-persona chain

5. A Process in an M-Instance:
5.1. Is composed of:
5.1.1. A Program having a Format supported by the M-Instance.
5.1.2. Metadata describing the Program and containing the following as a minimum:

Table 2 — Minimum Metadata of a Process

Metadata elements Details
ProcessID The ID of the Process.
InRightsID The ID of the User’s Rights to Act granted to the Process.
OutRightsID The ID of the Rights a User may acquire on the Process.
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