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| Current metaverse
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Virtual Shibuya (KDDI): https://vcity.au5g.jp/shibuya XR world (NTT docomo):

https://official.xrw.docomo.ne.jp/
https://www.youtube.com/watch?v=LywmqgSfZdI8
/Metaverse In the world A
« The Sandbox, Fortnite, Roblox, VRChat, Decentraland,

Horizon, etc
e Cluster, HIKKY, DOOR, ZEPETO, etc

In Japan, several metaverse use cases exist. Especially local
governments want to promote their sightseeing assets.
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Virtual Yabu
(Yabu City, Hyogo pref.) 3
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| Concept of metaverse

The concept of metaverse and multiverse is shown in FGMV-01, Exploring the metaverse:
opportunities and challenges. ITU-T FG-MV aims to create additional value by multiverse,
and the key is collaborative space achieved by standardizing interoperable metaverse.

ONE unique Various metaverses
metaverse N 70 “multiverse”
Metaverse
Metaverse .vaem
ZIINN

Metaverse

[Source: ITU-T FGMV-01]
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| Metaverse development stage

Use cases of metaverse starts entertainment and commerce areas, and then will
extend to industrial areas.

Emerging stage

Gaming & E-sport

Advanced stage ‘

Mature stage

Manufacturing

Fashion Healthcare
Work & Educatlior; Trlanlsportation
Main |1 L
scenarios Virtual eventls . Polw?r&energy
Tourism City governance

Standards

—

Features

* Pilot projects
* FEarly adoption

Regulations & laws

" Ecosystem
" |ntegration of projects

» Mass adoption

[Source: ITU-T FGMV-01]
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| Need standardization for interoperability

Challenges in the metaverse

Potential
standardization
subjects

(Red indicates
Security related issues)

(Blue indicates
Network related issues)

[Based on figure 4 of ITU-T FGMV-01]
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Planned document structure of metaverse interoperability

Stage 1: Requirements

Stage 2: Architecture

D5.3:High-level
architecture for
interoperability

Stage 3: Signaling protocols

[ FGMV-19:Service scenarios and requirements

Use case and high-level requirements for cross-platform metaverses (D5.1)

High-level interoperability architecture for cross-platform metaverses (D5.3)

Functional
requirements
and architecture
for avatar
interoperability

Functional
requirements
and architecture
for asset
interoperability

Functional
requirements
and architecture
for content
interoperability

Functional requirements and
architecture for identity
interoperability

thing(D5.2)

Signaling
protocols for
avatar
interoperability

Signaling
protocols for
asset
interoperability

Signaling
protocols for
content
interoperability

/

Signaling protocols for
identity interoperability

D5.2:Requirements for ID
interoperability of 0T
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metaverse cross-platform interoperability
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| Images of cross metaverse interoperability

Cros-platform interoperability realize that Bob (avatar) in virtual world B can move to virtual
world A where Alice (avatar) lives, to make conversation and other interaction like commerce
using their avatars.

-Metaverse platform 1 _ ____________ : _Metaverse platform 2. _ _ __ _____ :
| | |
Virtual world A I | :
. 1
| Asset :
y |

; . Virtual world B
interoperability

Avatar
interoperability

Content interoperability

ID interoperability User: Bob

 Vitwalworld C . _C l Metaverse cross-platform
interface
[Source: ITU-T FGMV-19] 9



5t Forum on Integrating virtual and physical worlds in the metaverse with digital twin

| Service scenarios and requirements for interoperability

Currently there exist no interoperable services across metaverse platforms, so FGMV-19, Service\
scenarios and high-level requirements for metaverse cross-platform interoperability,
estimates 9 potential interoperable service scenarios. y
Scenarios Avatar IOP Asset I0P Content IOP ID IOP
Metaverse Search Content Discover/preview/

purchase/publish | mashup
Metaverse Learning Migration Retrieval/purchase
Metaverse Exhibition Migration Migration Migration
Metaverse Safety Patrol Avatar dispatch Access control
Metaverse SNS Migration Migration Sharing photos Access control
Metaverse Shopping Migration Migration ltem purchase
Metaverse Tourism Migration Purchase
Metaverse Signage Migration
Metaverse Co-working Migration Material migration

[Source: ITU-T FGMV-19] 10
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| Metaverse exhibition service

Content of User B is moved to metaverse art gallery
(Content interoperability)

User A visits metaverse photo gallery
(Avatar interoperability)

[Asset of user C is transferred to metaverse photo gallery ]

” o : —
Cross-platform metaverse exhibition service
| | | Taking photos | | Purchasing artworks | | Discussing artworks |

Metaverse e _Avatar migration ) Mectaverse Metaverse
painting gallery photo gallery Asset migration media art gallery
Metaverse Platform Avatar interoperability | Metaverse Platform | Content interoperability | Metaverse Platform
A B Asset interoperability @

User A User B User C

[Source: ITU-T FGMV-19] 11
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Requirements for
metaverse cross-platform interoperability

12
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| Overview of metaverse cross platform interoperability

Two types of metaverse cross platform interoperability are considered in FGMV-19. Metaverse
interconnection bridge function might be provided by 3" party services.

[ Direct connection (need special IF)

Metaverse Platform A Metaverse Platform B

. Avatar . Avatar

Functional Direct Functional

Other Components Content interoperability Content Components Other
Functional for for Functional
. Asset Asset .
Components Interoperability i = Interoperability Components
Identity Identity
i. Indirect '_'

Yo, interoperability

L ]
Yo, .u“
.I_._._'_l

"<|/ Indirect connection (require bridge providers) ]
1§

Virtual asset
exchanges

Ownership and intellectual
property rights management

Identity verification and
authentication services

3 party services

[Source: ITU-T FGMV-19] 13
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| High-level requirements for metaverse interoperability

General requirements

Req.ID Requirements
GENHR-001 | It is recommended that metaverse platform is interoperable with other metaverse
platform.
GENHR-002 | It is recommended to be interoperable between metaverses on heterogeneous
platforms.
GENHR-003 | It is recommended to ensure secure and trust environment for exchanging information
between metaverse platforms.

High-level requirements for avatar interoperability

Req.ID Requirements

AVIHR-001 It is recommended to enable avatars to migrate across different metaverse platforms
while retaining their original characteristics.

AVIHR-002 It is required that each metaverse platform exchanges the constrains during the
migration procedures for compliance and performance.

AVIHR-003 It is recommended to synchronize attributes of avatar after experiencing by roaming
avatar across metaverse platforms.

AVIHR-004 It is recommended to ensure avatar’s consistent representation across metaverse
platforms.

AVIHR-005 It is required to be accessible to the avatar-related data across the metaverse platforms.

[Source: ITU-T FGMV-19] 14
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| High-level requirements for metaverse interoperability

High-level requirements for asset interoperability

Req.ID Requirements
ASIHR-101 It is recommended to ensure secure and trust environment for transforming digital assets between
metaverse platforms.
ASIHR-102 It is recommended to facilitate the seamless exchange, recognition, and use of digital assets across
different metaverse platforms.

High-level requirements for content interoperability

Req.ID Requirements
COIHR-101 It is required that content data including information for management, searchability, and interoperability,
be able to transfer between metaverse platforms.
COIHR-102 It is required to ensure content portability and format compatibility on moving or sharing content across
metaverse platforms.
COIHR-103 It is recommended to facilitate secure sharing of user content across metaverse platforms.

High-level requirements for ID interoperability

Req.ID Requirements

IDIHR-101 It is recommended to use the same identity of digital entity in the home platform when digital entity
moves to other metaverse platforms.

IDIHR-102 It is required to follow the policy of identity usage of visiting metaverse platform when digital entity
moves to other metaverse platforms.

IDIHR-103 It is recommended to support a variety of authentication methods for identity from visited metaverse
platforms.

IDIHR-104 It is recommended to support users to view and manage all identities of their digital entity when it moves
to other metaverse platforms.

IDIHR-105 It is recommended to support users to view and manage all avatars associated with their unique identities

across the metaverse platforms.
[Source: ITU-T FGMV-19] 15




5t Forum on Integrating virtual and physical worlds in the metaverse with digital twin

High-level architecture for
metaverse cross-platform interoperability

16
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| Stakeholders for metaverse interoperability
e N & N N

/

Virtual space

End users in 7 ﬂ
\_ physical world N |

J

\_ Virtual space provider /
4 )

-

Avatar \_Avatar provider )
4 ] 4 — )
ﬁé’;‘ 7 Other components Virtual component
\_provider J
loT in physical ID info. Metaverse Component
world k Provider /
Digital ID
- J Metaverse Platform
\ Provider / / \
[ J
1|
( N \Ql& -
Metaverse Platform — —
[Source: ITU-T FGMV-D5.3] Provider Metaverse Bridge
' i Network Provider L \_ Provider -
(High-level architecture) \_ J J
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| metaverse without loT nor digital twin

Metaverse platform

: Virtual world & ﬁJ ¢
: /-_ I Ll R
I 1 |

e — .

1 L

I .

Virtual asset and content

Virtual world C

(= 5

User: Alice
Real world

[Source: ITU-T FGMV-D5.3]
(High-level architecture) 18
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| metaverse based on loT

Metaverse platform

Alice

Virtual world C

— o e S R R R R R R e e e e e S e e e e e e e

? loT: ID1 Non loT loT: ID2

User: Alice

[Source: ITU-T FGMV-D5.3] Real world
(High-level architecture) 19
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| metaverse with 10T and digital twin

Metaverse platform

____________________________________ |
Virtual world A 2.
Ir

Alice (avat

Virtual world C

=] | DT includes loT
\-‘:/ management function

— o e e e o e e e o e e e e e Em RN o e e e o

? loT: ID1 Non loT ‘ loT: ID2

User: Alice

[Source: ITU-T FGMV-D5.3]
(High-level architecture) 20
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| Types of interoperability between different types of metaverse

Metaverse platform

Metaverse platform

_____________________________________

| Virtual world A .
1 E |
1 /__ ¥

Metaverse platform

i Virtual world A__ -
X

—

Alice {ava

iy
Alice i(ava ’

1
1 1
i i i (
1 | |
1 I LI
] 1
! Alice Cavg&?'
| Virtual asset and content | 1 —
1 ]
1

| 1
U
| Metaverse based on loT |
' 1
1

E Virtual

IworldA _
X

L—/U;/ ¥

————————————————————————————————————————

| Virtual world C / i Virtual world C / 1
| < oo . T; & = B = E : il ~i- A -.é.._ = "7- !
| '!:i : i " ! | DT includes loT
i \-—:/ X 1 \:/ 1 management function
E ‘ loT management functionality ‘ E ! Digital Twin |
e R I Data: 1-D2 t--—tfp------t-----------q------- Data: sz

?‘ Non loT loT: ID1 Non loT loT: ID2 Non loT loT: ID2

v “7 - o — = - —— 1 “’V‘) = — B ‘ m ) = = ——
User: Alice R User: Alice ) - B User: Alice T T
Real world Real world
(a) Without DT nor loT (b) With loT (c) With DT

Type of metaverse

(a) without DT or IoT | (b) with 10T

(c) with DT

(a) without DT or 10T

Case A Same as A

Same as A

(b) with loT

- Case B

Same as C

(c) with DT

Case C

[Source: ITU-T FGMV-D5.3]
(High-level architecture)
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| Architectural domain for metaverse interoperability

Virtual space

provider

Avatar provider

Virtual component

rovider

[Source: ITU-T FGMV-D5.3]
(High-level architecture)
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® ® ® ®
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\I;)vg)r/lﬂcal End user ( ‘ ) [_2____) _____________ c ‘ \ ( ‘ \ End user \I;)Vr(;?’llsdlcal
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| Architectural overview of metaverse interoperability

A metaverse platform can interact with other platforms using standardized protocols. Since the
interoperable metaverse platform bears both Metaverse Platform (MP) and Metaverse
Interoperability Functional Module (MIFM), there is no need for reference points.

Interoperable Metaverse Platform Interoperable Metaverse Platform
Metaverse Metaverse
Interoperability Interoperability
Functional Functional Module
Module
\ RE- \
Avatar -1f-- Avatar
N\ RE- N\
Asset 51" Asset
Metaverse N RE- N Metaverse
Platform Content 3" Content Platform
. RE- .
Identity i Identity
.............................. RE.
Interoperability _5/__ Interoperability
Management Management
RE- \
Digital Twin -gf-- Digital Twin

[Source: ITU-T FGMV-D5.3] | |
(High-level architecture) Scope of this specification 23
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| High-level metaverse interoperability architecture

MIFM | [re
Avatar Interoperability Functional Component Asset Interoperability Functional Component
RI-1 Avatar Avatar Avatar Asset Asset Asset RE-2
Synchronize Transfer Convert Transfer Exchange Tokenize
Functions Functions Functions Functions Functions Functions
RI-2 RI-2
RE-3
Content Interoperability Functional Component Identity Interoperability Functional Component
RI-3 Content Content Content Identity Identity Identity REA
Synchronize Transfer Convert Migrate Verify Synchronize
Functions Functions Functions Functions Functions Functions
RI-4 RI-4
MP Other
RI-4 MIFM
Interoperability Management Functional Component
RI-5 -
Metaverse Platform . . Metaverse Bridge RE-5
[ Manage Functions ] [ Log and Audit Functions ] [ Manage Functions ]
o R R R R A A A A A RNy,
E Digital Twin Interoperability Functional Component E
RI-6] & Digital Twin Digital Twin Translation Digital Twin Brokering Digital Twin A IRE6
E Federation Functions Functions Functions Synchronization Functions E
".-------------------------------------------------------------------------------------------------------------------------l’.

[Source: ITU-T FGMV-D5.3]

(High-level architecture) 24



provided by individual digital twins alone

Synchronization functions

5t Forum on Integrating virtual and physical worlds in the metaverse with digital twin
| Interoperability of metaverses with Digital Twin

® Data and functions of each metaverse with digital twin can be linked to provide services that cannot be

« Use cases for smart sustainable mobility and cyber physical security

Use case: Smart sustainable mobility

City Mobility Metaverse

Traffic congestion
reduction route guide

Environmental hotspot  Eco-driving assistance
prediction

A e 4 _{/‘1:_:/'\
¥ A
e

Smart Traffic Metaverse

« Traffic monitoring
« Traffic control

Digital Twin Interoperability Functional Component (DTIFC) provides Federation, Translation, Brokering,

» Operation flow for eco-driving assistance

City mobility metaverse

Smart environment metaverse

Smart driving metaverse

Smart Environment Metaverse Smart Driving Metaverse
+ Environmental monitoring * Driving navigation
» Emission control + Participatory sensing

[Source: ITU-T FGMV-D5.3]
(High-level architecture)

DTIFC DTIFC DTIFC
; T .
' . H Transfer air pollution
' . redictoin entit
:  Federation : p y )
1 . (1 ) Translate data
E <
' Refine entit
H . i Uodate entity
' Aggretate air pollution o
! prediction entity B
Brokering e e I
RYTTErE ST T T T T T T he,
. —Subscribe emissin restriction plan———» .
. «€—Subscribe emission restriction E
: (3) :
. .
. [€«——Publish emissin restriction plan .
H Determine targets .
. » Publish emissin restriction .
: :
S s n?
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ID interoperability of 0T devices for
metaverse cross-platform interoperability

26
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| Identity interoperability

-
In order to utilize the same |0T devices in different metaverses, Identity (ID) interoperability for 0T
| devices across metaverse platforms is now under development.

Metaverse platform 1 Metaverse cross-platform interface

Virtual world & **( { ID interoperability Metaverse platform 2
A
B

L Virtual world B
(3)Move to A

Data: ID3 |
‘| (2)Move to A

ilir

1
1
|
1
1
1
|
1
1
1
Allce(iavatar) Data: |52 i
: (1)Move to C :
: e MmO
I — - = = — SN, -
I I mm _— 1] [ 11 | I
Data: ID3
1 . i 1
D - " 1
: <y Datd: ID2
I — T _— I
: Data:4D1 Virtual \vorld C :
- —-—-—fF----FSf-—-—-——-———_———_————————-—- Real world
: ' - I - | . ‘I T: ID4
[Source: ITU-T ? loT: ID1 | loT: ID2 ) loT: ID3 >3 | 10T
FGMV-D5.2] ‘ “" == T = @VG) )rJr \‘\
(ID User: Alice User: Bob

interoperability) 27
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| Technical feature of ID interoperability

| Metaverse 1 ( ------------- > Metaverse 2 |

identity interoperability across —_——— = i i ;'W”””"W?”"Jﬁ} K- — — — — 3 3 3 i
metaverses in one platform J K L Metaverse 3 | K “} 3 Metaverse 4 ;

) Identity_ ) Identity

interoperability interoperabi lity
across across 1 A
metaverse ‘\ metaverse
Metaverse platform A platforms Metaverse platform B platforms Metaverse platform C
A

identity interoperabi lity between 10T platforms and metaverse platforms
store or retrieve identity

v
- e e e e e e e - 1
| trustworthy shared | < | trustworthy shared ﬂ| I trustworthy shared | |
| c L storage 1 | L storage 2 | L storage 3 |
LA A /50 S bt et b S |

| A A A
loT device :'f:-:-:-:-:-:-:-:-:-:':-:-:-:-:-:-:-:-:-:-:-:-:':':-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-I:::::::::::::::::::::::::::::‘i...........................E

store or retrieve identity

identities
(identifier and corresponding Grmmmmnnneees > identity interoperability across metaverses in the same metaverse platform
identity object) . I .
10T platform < — — —> identity interoperability across metaverse platforms

<—» identity interoperability between IoT platforms and metaverse platforms
<----- > identity interoperability between 10T device of loT platform/entity of metaverse and trustworthy storage
[C——1 metaverse platform
{ ... 10T platform

[Source: ITU-T FGMV-D5.2] ™ = =, trustworthy storage

(ID interoperability) 28
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Future work and conclusion

29
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| Collaboration with other SDOs

[FG—MV collaborated several SDOs inside and outside ITU by using liaison statements, and some of ]

key players participated FG-MV. This collaboration should continue in the future.

ISO/IEC JTC1
ITU-T  ISO SEG15, TC68, TC69,
TUR \ __TC133,TC184, TC307
| SEb [TSAG ][ SGs J IEC TC57, TC65, TC79,
s L TC85, TC100 )
| sGl| sg2 | FG-MV (" JTC1SC35, SC24, SC27, )
: : SC29, SC38, SC41, ,SC 42,
. SC43 )
Regional SDOs 4 \ ([ )
IEEE IETF
[ ETSI M CEN M ANSI ][ NIST ][SGPP] \ ; /
W3C IEEC
For a and consortia : h ’
| Khronous || MsF || omA3 |[ omi || omF |[AousD || IPv6e-F |

| TM Forum || INATBA || wMmc |[ DT cCons || VRM-C |[IOWNGF || BSI |

30



| Future work

5t Forum on Integrating virtual and physical worlds in the metaverse with digital twin

v’ Study for remaining work for metaverse interoperability
v Collaborate with SGs and other SDOs

v’ Utilize existing specifications of other SDOs

v" Promote standardized interoperable metaverse platform

Stage 1: Requirements

Stage 2: Architecture

Stage 3: Signaling protocols

Use case and high-level requirements for cross-platform metaverses (D5.1)

High-level interoperability architecture for cross-platform metaverses (D5.3)

Functional
requirements
and architecture
for avatar
interoperability

Functional
requirements
and architecture
for asset
interoperability

Functional
requirements
and architecture
for content
interoperability

Functional requirements and
architecture for identity
interoperability

[ thing(D5.2) | |

Detail functional requirements and
architecture should collaborate
with other SDOs

Signaling
protocols for
avatar
interoperability

Signaling
protocols for
asset
interoperability

Signaling
protocols for
content
interoperability

Signaling protocaols for
identity interoperability

Signaling and protocol standards
in other SDOs might be utilized
for Stage 3
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Thank you!

Email Website
tsbfgmv@itu.int WWW.ItU.Int/metaverse



mailto:tsbfgmv@itu.int
https://www.itu.int/en/ITU-T/focusgroups/mv/Pages/default.aspx
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