VIRTUAL DIMENSION CENTER %

Emerging Standardization Requirements for the Metaverse
in Defense Use Cases

Prof. Dr.-Ing. Dipl.-Kfm. Christoph Runde

Managing director - Virtual Dimension Center (VDC)

VP Industry & End Users — EuroXR

Founder - XR EXPO

Co-Chair — Standards Registry WG at Metaverse Standards Forum (MSF)

Chairman - Standardization Committee ,,eXtended Reality und Metaverse* at DIN e.V.

nzzentrum Virtuelle-Realitat.und Kooperatives Engineering w. V. — Virtual Dimension Center (VDC )



ViWISSO background

What is the ViWISSO project: background

The ViWISSO Project is preparing a complete
and exhaustive assessment of standardization
activities in diverse virtual world technologies,
collecting requirements from a wide range of
experts and sources and, based on gaps
between the current activities and future
requirements, will propose actions and
recommendations designed to accelerate
development and adoption of standards for
virtual worlds.
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Co-funded by
PYS
Co-funded by the .gL.'EFTA“

European Union

Standards 920+ 1184 total
(amendments removed)

Record type

Technical Reports, White Papers, 354 415 including some other

Recommendations + Guidelines documents

Standards Development Org 130 149 includes all
organizations

Standards Working Groups 378  Not all currently active

Work-in-progress 46

Total 1782 2172
+ 3 Party Standards Landscapes 55
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XR standards clustering: focusing on 7 topics VIRTUAL DIMENSION CENTER

CI USterl ng XR applications
*human models fundamentals of XR
u XR Sta ndal’dS, =content creation f modelling svirtual reality
. . »applications: education ftraining =augmented reality
= XR gUIdellneS, »applications: design / engineering s

. =applications: health e - : e
= XR recommendations  -applications:assistance ~

gpplications: collaboration

|nto 7 toplcs =zpplications: marketing...

¥R management

*basics/terms

=XR management
—=regulation fethics / governance

hardware: optics, haptics, acoustics, tracking, mobile =evaluation / conformity

=graphics hardware / optics f displays
=haptics —
sguralisation f audio f acoustics

stracking f zensortechnology / motion capturing

*mohbile XR

=gther XR hardware

UX, ergonomics, human factors

=userexperience [UX) f user interface design (UID)
_=ergonomics f usability

vinteraction / pattern

graphics software, CGI -
sgraphics software f algorithmics_— coding, mapping, interoperability, communication
=AP1 application programming interface

=formats / coding / compression

=communication / interoperability
mapping
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Use Cases

examples

Operating Center - War Room » OGC “OpenGlS City Geography Markup Language
(CityGML) Encoding Standard”

= |EEE “P2888.3 Standard on Orchestration of Digital
Synchronization between Cyber and Physical Worlds”

= 3GPP “Virtual Reality (VR) streaming interoperability
and characterization”

AGPP TR 26 999 7000

= 3GPP - TR 26.962 “Immersive Teleconferencing and

o . Telepresence for Remote Terminals (ITT4RT) o
standardization requirements Operation and Usage Guidelines” s | &
= geo data and mapping = Khronos “COLLADA 3D Asset Exchange Schema”
= compression and streaming = ASAM “OpenDrive” e

= video conferencing and collaboration " ASAM “OpenScenario”

= scenario development and
management
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VIRTUAL DIMENSION CENTER =
Use Cases
examples
AR assistance for MRO = |SO 9241-115 “Ergonomics of human-system
interaction - Part 115: Guidance on conceptual :
design, user-system interaction design, user
interface design, and navigation design” (wip)

= |SO 9241-300 “Ergonomics of human-system
interaction — Part 300: Introduction to electronic
visual display requirements” -

= |TU-T - FG-MV-2023-19 “Service scenarios and high-
level requirements for metaverse cross-platform —
interoperability” i,
standardization requirements = |TU-T - FG-MV-2024-28 “Requirements for the
metaverse based on digital twins enabling
integration of virtual and physical worlds”

» |TU-T - FG-MV-2024-29 “Reference model for the
metaverse based on a digital twin enabling &®
integration of virtual and physical worlds”

= |TU-T - FG-MV-2024-39 “Use cases and
requirements for virtual and real fusion coding in
metaverse applications”

= universal interaction concepts

= ergonomic design of assistive
systems

hardware-agnostic apps

digital twinning
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examples e

Training and learning = |EEE 1589 ARLEM “Standard for an Augmented Reality ~“=+*
Learning Experience Model”

Use Cases

ot

ISTANDARDS

= ISO-IEC 23127-1 “Information Technology - Learning,
education, and training - Metadata for facilitators of ...
online learning - Part 1: Framework”

= |SO-IEC 23842-1 “Information technology for learning,
education and training — Human factor guidelines for
virtual reality content — Part 1: Considerations when
using VR content”

= |SO-IEC TR 18121 “Information technology - Learning,
education, and training - Virtual experiment _
framework” i

= OGC “CDB Vol06 Rules for Encoding Data using
OpenfFlight 1.2”

= SAE “ARINC450-1 Flight Simulator Design and
Performance Data”

standardization requirement

» |earning management

SIS

SISO-REF-086-2021

" meta data for learning resourc
= human factor guidelines

= didactic concepts

= scenario development and
management

NATO DigitaliPolicy Committee-Briefing —Brussels, April-1st 2025.

Prof-Dr.-Ing. Dipl.-Kfm. Christoph Runde. © Virtual Dimension Center (VDC)



VIRTUAL DIMENSION CENTER %

examples ——

Assistance and navigation for the field = |EC 62629-1-2 “Information technology — Coded
representation of immersive media. Part 18:
Carriage of geometry-based point cloud
compression data”

= |EEE P2048.07 “Standard for VR and AR: Map for
Virtual Objects in the Real World”

Use Cases

IecEc 23000

= |EEE 1857.7 “Standard for Adaptive Streaming” e O
= UL 8400 “Standard for Safety. Virtual Reality, mmn K
Augmented Reality and Mixed Reality Technology BBkt ‘

Equipment” ‘

@

= |SO 92419 “Principles of the ergonomic design of
assistive systems”

= geo data and mapping
= |SO-IEC DTS 10866 “Information Technology - Cloud =@ o
computing and distributed platforms - Framework
and concepts for organizational autonomy and

digital sovereignty”

= compression and streaming

safe and robust mobile devi

= assistance concepts

= video conferencing and collaboration
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Use Cases
examples

Logistics = |DTA 02045-1-0 “Data Model for Asset Location”

= |EC, ANSI - 62264 - ISA-95 “Enterprise-control system
integration - Part 1: Models and terminology”

= VDI 3633-01 “Simulation of systems in materials
handling, logistics and production — Fundamentals”

= |ETF RFC 2326 “Real Time Streaming Protocol (RTSP)”

» |EC 62629-52-1 “AR/VR safety-- guidance on safe
immersion, set up and usage”

= ETSI GR ARF 002 V1.1.1 “Augmented Reality
Framework (ARF). Industrial use cases for AR
applications and services”

standardization requirements

= geo data and mapping

= |TU-T P.IXC “Interactive test methods for subjective
assessment of extended reality communications”

ETSI GS ARF 003 vi.o1 sz

= compression and streaming

safe and robust mobile devic s
= assistance concepts /
video conferencing and collaboration I
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Overview

examples
Standards to be implemented for: " W3C “WebXR Device API"
_ 3D models = Khronos “OpenXR”

= Khronos “Vulkan Safety Critical”

- content preparation and delivery
= |TU-T - FG-MV-2023-19 “Service scenarios and

- compression and streaming high-level requirements for metaverse cross-
- distributed collaboration protocols and platform interoperability”
mechanisms * ETSI GS ARF 004-4 V1.1.1 “Augmented Reality
. Framework (ARF); Interoperability Requirements
- geo referencing .
for AR components, systems and services; Part 4: (-\7u\li(an“|@“
- scenario definitions World Analysis, World Storage and Scene

Management functions”

= |EC PWI 110-8 ED1 “Coded representation of
immersive media - Part 28: Interchangeable scene-
based media representations”

- learning management

ETS| GS ARF 004-4 w11 e
7 -

- usage and interaction
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XR & metaverse standards database / register VIRTUAL DIMENSION CENTER :

Q  search database

A free, online accessible database for the entire
XR community with references to

type v SDO v status v year v tags ~ N Defaultor...

standard (industry) X specification X 3GPP X published X
[] applications: geo & constuction

They are qualified (by tags) and with a searchable
description. The group’s entry further comprises identifier  title English Pror

3GPPTR Virtual Reality (VR) profiles for streaming type

the organizing/leading SDO and a link to this T dnwe waess I
resource in the WWW. year

tags [_] augmented reality
virty

Please support by adding standards and SDOs. o simteatcnl andis senat

3GPPTR Virtual Reality (VR) streaming audio; type
—T=EE 26.818 Characterization test results

() applications: health

(] applications: marketing

cat] [] basics / terms

year. evio

tags: communication / interoperability,
virtual reality, auralisation / audio /
acoustics, mobile XR

i 3GPPTR Mobile stereoscopic 3D video type: specification
~ 26.905 status: published
year: 2022

tags: graphics software / algorithms,
mobile XR

- 3GPPTR Virtual Reality (VR) media services over type: specification
TEEE 26.918 3GPP status: published
year: 2022

tags: communication / interoperability,
virtual reality, mobile XR
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XR & metaverse standards database / register

search for actual standards

= example: search for published standard from ANSI and

CTA

type 500
sranda (indsrgh standars
idantifiar
AMNSICTA
2088
|
AMSLCTA
= 2087
o =y
= AMNSIHFES
b 100-2007
! ETA 2095
CTAZ103

status tags

jafficial] X techeicalreport X ANSI X OTA W

titla English

Definitians and Characteristics for VR Video and
VR Images

Recommendations and Best Practices tor
Connaction and Use of Accessorias far KR
Tachnalogias

Human Fagtors Enginaaring of Camputar
Workstations

Bast Practices for Limitad Maobility in X

Bt Practices for Diversity in XR

% Default order o

auslishad

Properties

tyme: stomdard (officlall

nhie pubilivhad

yoar: 2009

tags: bastcs / verms, virtual reality, graphics software /
algarithns

type: standard (officlal)

status: published

year 2019

Lags: XR managomeat, virtuad reality, sugmentod roality,
wrgamomics ¢ unability, other XR hardwars, spplications:
athers

by dtandard [elficial)
status: published

year: 2007

Fag )

g9 iy, £ unakility,
graphics kardware / optics ! displays

type atandand (intdustey)

SAahie: pubilivhed

year: 2027

tage: XR ien ! athics | g "
wirtual reality, sugmented reslity, user sxperisnce (UX) /7 user
Intorace desigm (LD

type standard (industey)
stabus: pubiished

search for recommendations
= example: search for recommendations on regulation /

ethics / governance

Ll saarch database

ype SDO status

recommiendasion / gudsine X

identifier
N ConnectSafely MV E Parents
| )
= Council of the European Union Metaverse

ke Cyber-KR Coalition Cybaer XR-2020-1.0

European Parliament Mataverse
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togulnion { BEIE § governance X

tags

title English

Metaverse and Virtual Reality Safety Tips
Tor Parents

Metaverse - Vinual Woeld, Real
Challenges

Immersiva Tachnalagy Standards far
accesaibility, inclusion, ethics, and safety

Metavarse Opponunitias, risks and
policy implications
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% Defsult order

Propeies

tyoe: recommuend ation |
guidaling

tatis published

rags: regulation § ethics /

gawarnancs, applications:
entertalnment / culture

tyoe: recommend ation |
guldaling

status: published

e 2022

tags: KR mansgament,
rogulation { athics /
governance, vistual reality.
augmented reallty

by ragain e Mian |
guidsline

stabus: pubfithed

s 2020

eape: regulntion / ethics /
gawernance

by ragammand atian | m
guideline

status; published

e 2022

tags: KR management,
regulation / ethics /
govarnancs, wirtual reality,
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XR & metaverse standards database / register VIRTUAL DIMENSION CENTER

search for upcoming standards search for SDOs and working groups

= example: search for standards with status “draft” or “work in = example: search for standards development organizations (SDOs)
progress” in the field of graphics hardware / optics / displays and working groups in the field of education and engineering

8 aarch databa o B R
b SO0 SiEhis Iogh : % Dalault order 2 typa o S00 tatus w tags % Dafault arder
specilicobion X stendard {industry} standdrd (oficall = draft ¥ wiotk it pragress 00 X warking graup sppicancns aducetan /Irmining X apalicabans: deaian f engrigormg A Hasata
graphees hardeare L optcs s dspliys X fezsrall
Identifier title English Properties
identifier title English Proparties AREA Intaraperability and Standards fype: 500 m
MAREA program year: 2013
IEC 62629-1-  future IEC/TR 62629-1-3 ED1: 3D display devices - Part 1-3: typee: standaed (aMficial) tags ¥R ! L raality,
& 3 Depth perception and determination of the position of 3D statius: work in progress Spplcations: aducaliod (i, Sppitcaicas: Siagy | engieing.
; : W o
shject an the non-physical screen tags: interaction f patterns, graphics hardware ighine
-% Foptics /- displa;
¥ L EVASAM  asam Association for Standardization of type: 50O m
5 Autamation and Maaguring s 1098
IEC 62629-1- 3D display devices - Fart 1-3: Depth perception and type: standard (officiall ity Systems i Ko —
RS e : e it
& IEM determination of the position of 3D object on tha nan-physical stalus work in progress iy i dasian faopbeacing
m SCresdn tage; graphics hardwars / optics | displays
m’rf BDCG Simulation and Training Working by working group m
Simulation Group tage applications: sdueation | training
IEC 62629- 3D Display devices - Measurement method of plane- type: Mandand fabficial)
& 502-1 symmetrical real image forming optics for aerial display status: work in progress —_— DINWork Innavative world of wark Fypn: wsrking group m
p year: 2023 D l N Innovation tage applicationg: sdueation / training, applications: dasign |
m tags; evaluathon § conformity, graphics R ring, appll collaboration, applications: others
hardware / optics [ displays
— DIN 4.0 Indfustry 4.0 Ly workdng group m
IEC 62629 3D Display devices - Part 52-1: Fundamental measurement ype: standard (edficial) D I N tags applications: design / engineeriog, applications: athers
& 52-1 ED1 methods of aerial display - Optical status: work in progress ——
m y=ar: 2024
L tags: evaluation [ camfarmity, graphics — DI NIA Information Tachnology and by working group m
hardware / opiles £ displays D I N Applications (NIA] Ly applications: education / training, applications: daslga /
—_— engineering, applications: health, applications: assistance, applications:
IEC62629- 3D display d M hods for virtuaki type: standard official) bkt i iy !
- isplay devices - Measurement methods for vinual-image i cultare, apilicsions: gus & e, bl & aibick
&2-12ED1 type - Image Quality status: wark in progress
woRk year: 2024 ETSIISG-ARF Industry Specification Group (5G] type: working group oo |
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Our interest: transfer from defense to civil

156
ANEP-61-2001
MSG-159
MSG-ET-206
TR-AVT-290
HFM-MSG-323
AVT-256
AVT-290
AVT-334

AVT-ET-169

Correlated Dynamic Synthetic Environments for Distributed Simulation

Guidance in the use of simulation and virtual prototyping in ship design

Reference Architecture for Human Behaviour Modelling in Military Training Applications
Common Framework for the assessment of XR Technologies for Use in Training and Education
Augmented Reality for Improved Situational Awareness and Survivability of Combat Vehicles
Guidelines for Mitigating Cybersickness in Virtual Reality Systems

Augmented Reality for Improved Situational Awareness and Survivability of Combat Vehicles
Standardization of Augmented Reality for Land Platforms in Combat Environments

CDT on Augmented Reality (AR) to Enhance Situational Awareness for Armoured Fighting
Vehicle Crew

Standardization of Augmented Reality for Improved Situational Awareness in Combat Vehicles

AVT-HFM-ET-216Human Systems Integration of Augmented Reality for Land Platforms in combat environments

AVT-IST-398
HFM-021
HFM-058
HFM-121
HFM-136
HFM-165
HFM-169
HFM-182
HFM-231
HFM-249
HFM-297
HFM-297 RTG
HFM-AVT-ET
HFM-ET-077
HFM-ET-137
HFM-ET-153
HFM-ET-154

Development of a STANREC for Augmented Reality in Land Platforms

Human Factors In Virtual Reality Applications

What is Essential for Virtual Reality Systems to Meet Military Human Performance Goals?
Virtual Environments For Intuitive Human-System Interaction

Virtual Media for Military Applications

Improving Human Effectiveness Through Embedded Virtual Simulation

Human Dimensions in Embedded Virtual Simulation

Use of Advanced Technologies and new Procedures in Medical Field Operations

Beyond Time and Space

Emerging Technological Advances in Tactical Casualty Care

Assessment of Augmentation Technologies for Improving Human Performance

Assessment of augmentation technologies for improving human performance, TAP, 6 Apr 2017
Human Systems Integration of Augmented Reality for Land Platforms in combat environments
Improving Human Effectiveness through Embedded Training

Leveraging Technology in Psychiatry

Assessment of Augmentation Technologies & Opportunities for Training

Assessment of Human-System Interaction (HSI) Technologies & Opportunities for Training

HFM-IST-ET-200 Extended Reality (XR) technology for mediated communication

HFM-MSG-323
HFM-MSG-346
HFM-MSG-354
IST-013
IST-029

Guidelines for Mitigating Cybersickness in Virtual Reality Systems

Assessment of Factors Impacting Cybersickness

Study, Design, Building and Deployment of a CBRN XR Training Platform

Visualisation Of Massive Military Data-Sets: Human Factors, Applications, And Technologies
Use of Intelligent Agents in Virtual Reality
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IST-173 (AI2S) Mission-Oriented Research for Al and Big Data for Military Decision Making

IST-AVT-213
IST-ET-013
MSG-127
MSG-140
MSG-146
MSG-162
MSG-173
MSG-174
MSG-181

MSG-189

MSG-203
MSG-206

MSG-ET-049
MSG-ET-050
MSG-ET-052

MSG-ET-30

Implementation, Integration and Development of Augmented Reality in Land Platforms
Use of Intelligent Agents in Virtual Reality

Reference Architecture (RA) for human behaviour modelling

Urban Combat Advanced Training Technology (UCATT) Live Simulation Standards
Simulation for Training and Operation Group-Land (STOG-L)

Guideline for Scenario Development

Simulation for Training and Operation Group — Next Generation (STOG-NG)

Urban Combat Advanced Training Technology - Live Simulation Standards (UCATT-LSS)
Physics-Based Electro-Optic/Infrared Simulations — Best Practice Recommendations for
Decision Support

Al augmented immersive simulation in Training and Decision Making Course of Actions
Analysis

The Role of Modelling and Simulation to Support Current and Future NATO Operations
Common Framework for the assessment of XR technologies for use in Training and
Education

High-Fidelity Electro-Optic/Infrared Scene Simulation for Decision Support

Standards for xR (Virtual, Augmented and Mixed Reality)

Common Framework for the assessment of XR Technologies for Use in Training and
Education

Immersive Environments Interoperability Requirements

MSG-HFM-220 Effectiveness of Medical Training based on eXtended Reality

MSG-TR-ET-050

MSG-TW-010

SCI-342

SCI-349
SCI-ET-052

SET-248
SET-305

SET-306

SET-323
SET-ET-117

Standards for xR (virtual, augmented and mixed reality), Final Report, 2020
Immersive simulation devices for improving dismantled soldier preparation with augmented
and mixed reality devices

Explosive Ordnance Disposal (EOD) Tele-manipulation Robot Technology Roadmap
Development

Heterogeneous Data-Driven Space Domain Decision Intelligence

EOD Tele-manipulation Robot Technology Roadmap Development; Operators Remotely
Handling Objects with Dexterity, 3D Perception and Haptic Feedback

Panoramic optical systems for military application

Improved Field of View for Night Vision Goggles — Technical Challenges, Concepts,
Performance Assessment

Improved Panoramic Situational Awareness for Vehicle Platforms — Technical Challenges,
Concepts, Performance Assessment

Advanced Methods for Laser Dazzle Evaluation

Panoramic Vision Systems For Military Applications

NATO DigitaliPolicy Committee-Briefing —Brussels, April-1st 2025.

Prof-Dr.-Ing. Dipl.-Kfm. Christoph Runde. © Virtual Dimension Center (VDC)



VIRTUAL DIMENSION CENTER s

you for your attention.
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