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Executive summary

Education and training is evolving at an acceleraterate along with an increasedevel of integration
with ICT systems. Growth in this area will only continue. Education and training integrated with ICT
systems is progressing in two ways: one is in the use of virtual digital information without the use of
devices, and the other is inhie use of both virtual digital information and sensor devices. Both types of
education and training will expand based on the advance of ICT including virtual reality (VR) and
augmented reality (AR). Note thamixed reality (MR) is a mix of real and virtuakeality and is therefore
presumed to be included in the continuum of VR and AR in this paper.

Virtual education and training systems are typical applications for systems integration. They are based
on the technologies of VR and AR with sensors. Althouglilueation and training areas are diverse,
virtual education and training systems an have unique information modding, as well as common
functionalities. Common teaching and learning technologies for virtual education and training systems
can be determinedby categorizing use cases for education and training based on VR and AR.
Education and training has been integrated with digital information systems and the development of
education and training information systems is increasing. It is presumed that appht¢ion-dependent
methods are being used since the areas of education are vast and simulating education and training
with a unified procedure may not be feasible. However, from the point of view of ICT integration and
information modeling, virtual education and training systems can be developed based on a systematic
design approach with standards. In this paper, a systemat&tandards-baseddesign approach that can
be used asa guideline for developing virtual education and training systemsin various areas §
provided.
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1. Introduction

Virtual education and training systems are typical applications for systems integratiort.hese systems
usevirtual reality (VR) and augmented reality (AR) with sensordor education and training. Although
education and training areas are diverse, virtual @ucation and training systems can have unique
information modelling requirements, as well ascommon functionalities. Common teaching and learning
technologies for virtual education and training systems can be determinelly categorizing use cases for
education and training based on VR and AR.

VR and AR based virtual education and training systems have requirements related to learning and
teaching technology, representation, exchange, data, and devigethe following ways. First, existing
learning and teacling technology should be extended and integrated with the use of VR and AR
technology. Based orchanges in learning and teaching methods when usingR and AR, requirements
for interaction and simulation should be added. Second, 3D visual and interactivepresentation should

be provided to enhance the effectiveness of education and training. 3D simulation is an important
aspect inrepresenting educational information and inunderstanding education and training content.
Third, information for education and training should be exchangeable over heterogeneous computing
environments so that users can access education and training information anytimanywhere. Fourth,
information data for education and training should be organized and transferred securely and wvhibut
delay.Fifth, interfacesfor interacting with devices and sensors should be included. Safety should also be
a considerationwhen using larger devicessuch as in industrial education.

This paperprovides guidelinesfor developing VR and AR based education and training systeasmeet
the requirements listed above. The guidelinesinclude concepts, information modelling architecture,
standards based functional components, and implementation components for virtual educatioand
training.

© ISWUEC z All rights reserved 1
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2. Scope

This white paper describes guidelines for developing virtual education and training systems based on
VR and AR technologylt is intended toillustrate information modeling with standards that can be used
for virtual education and training systems.It provides procedures or methodsfor developing 3D virtual
education and training systems based onSO/IEC JTC Istandards. It also provides a systematic
approach to developing applications for systems integration areas. Virtualeducation and training
systems based on VR and AR are typical examplesp$tems integration applications.

This white paper includes several topics that relate to virtual education and training systems First,
concepts of VR and AR basededucation and training are defined. Second, i describes software and
application development technology necessary for virtual education and training systems Third,
standards for VR and ARinformation generation, transfer, and exchangevhen developing the systems
are described The information model and architecture of virtual education and training systemsare
specified asbasicstandards concepts Fourth, components for organizing virtual education and training
systems are discussed based on the standardoncepts.Fifth, standards based apfication development
technology and software interfaces between computers and devicesare described Finally,
implementation components for developing VR and AR based education and training systenase
included.

This white paper excludesdevice hardware technology for virtual education and training systems.
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3. Concepts

Virtual education and training is a representative areafor the application of systems integration
technology. It is based on MARonceptd1l] which include VR andAR. It includes computer simulated
education and training processes, and provides for repetitive and empirical learning in immersive
virtual environments.

Use cases fovirtual education and training systems can be classified as two typesach defined sightly
differently. The first is virtual education, which facilitateseducation viadigital information and devices
based on ICTincluding VR Virtual education systems include online and offline learning and teaching
(Figure 3.1, 3.2). Online virtuallearning and teaching are wholly accomplished using computing devices
in virtual environments, while offline virtual learning and teaching partially usesdigital information
and virtual environments. The latter case corresponds to an environment wherboth students and
teacher are presentin a classroom and where digital information with virtual environments is
sometimes used.

clicktoeducation.com

N

Education content and materials Learning and teaching

Figure 3.1 Virtual education systems(1)
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Movement of charged particles (AR case) Project EAST Consortium (VR case)
(Canada) (France)

Apollo 11 (VR case) SendDraft (MR case)
(VR Experience) (Korea)

Figure3.2 Virtual education systems (2)

The secondype refers to virtual training systems that make use of real world sensor deviceslong with
virtual environments. It is based on MAR virtual environments with training devices sensor
information , and interactions with sensors(Figures 3.3,3.4).

Driving simulation CycleOps virtual training
(Road Traffic Authority, 2013) (CycleOps, 2012)

EPARASINA’ L.

Boeing CRVS Military training
(The Boeing Company) (STI, USA)

Figure 3.3 Virtual training systems(1)
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Harbor crane training simulator
(Total Soft Bank)

Virtual medical education
(Virtual Medical Coaching)

Virtual military training

Figure 3.4 Virtual training systems (2)

Virtual education and training systemsare computer hardware and software integrated systems for
virtual education and training in virtual environments. They can includeimplementation of education
and training simulation in 3D virtual environments. When simulating education and training
information, sensor data from education or training devices in the real world can be imported to and be
represented ina 3D virtual environment. All virtual education and training systems can have similar
system functions so systems integration methods for virtual education and training can be
standardized. As a result, standardized systems integration guidelines can th@awn on and used when
developingvarious virtual education andtraining applications.

Figure 3.5 shows the phases of systems integrationecessarywhen developing virtual education and
training systems in variousareas. The first phase represents a systems integration process including VR,
AR, and 3D simulation based on representing information for virtual education and training. Ithe
second phase, real world sensor information can be included and simulated. The third phase represents
the necessity ofstandardized systems integrationso tha common processesfor integration can be
applied to all virtual education and training areas.

For the first phase, vhile virtual education and training systemsis one typical application area amongt
many, these applications are, in factMAR applications. Figure3.6 shows thewhole range of mixed
reality, including augmented reality, and the relation between virtual education and training systems
and mixed and augmented reality. Ishowsthat virtual education and training systems arehe result of
implementing 3D simulation with sensors in MAR environments.

For the second phase,ensor based virtual education and training systems integrate physical sensor
devices (or just physical sensors) and their functionalities in 3D virtual enviroments. A physical sensor
device means ghysical device that includes sensors such as a simulatorhe appearance and physical
properties of a physical sensor can be represented in a 3D virtual world. In addition, the physical
properties and events for edweation and training can be controlled and managed in the virtual world.

In order to provide the capability to represent and simulat physical sensors in education and training
systems, the systems require the following: representation of physical sensorgisual and functional
properties of each physical sensor, physical properties of each physical sensor, control of a physical
sensor® data stream, and an interface for controlling physical sensors in a 3D scene.

© ISWUEC z All rights reserved 5
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[ VR AR ] { 3D Simulation }

e 1%t phase

‘ Virtual education and training systems integration ‘

e 2nd phase

‘ Real and virtual environment and sensor devices simulation ‘

. 3 phase
[ Systems integration standardization }

Training Training Training Training
system 1 system 2 system 3 system 4

machine archi- road facility interior mangfac- medicine health
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sports harbor aircraft military science eng- elegtro— space
neering nics

Figure 3.5 Virtual education and training systems, and systems integration

MIXED REALITY (MR)

>

VIRTUAL
ENVIRONMENT

<

REAL
ENVIRONMENT

AUGMENTED AUGMENTED
REALITY (AR) VIRTUALITY (AV)

D

3D simulation
with sensor functions

in virtual education and

training systems

ISO/IEC 18038 DIS 2019

Figure 3.6 Mixed reality, and virtual education and training systems

Figure 3.7 shows a physical sensor representation model that can be used for implementing virtual
education and training systems in 3D virtual worlds. It consists of a sensor simulated MAR world, a
spatial mapper, and an event mapper. A simulated sensor MAR wortiiganizes MAR content with
scene composition. ISO/IEC 1803BISdescribes details othe model2] .
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Figure 3.7 A ®nsor representation model ina MAR world

The sensor representation model can be used as a basis for implementing virtual education dradning
systems. The middle of the figure shows 3D scene informatiomodeling for education and training,
while at the left is a spatial mapper that recognizes location and orientation. At the bottom is an event
mapper that sends sensor information to tle 3D scene. Finally, at the right is the rendering and display
of the 3D scene.

The framework for virtual education and training systems consists of various components (Figui28).

In the figure, the upper half represents various applications of virtual ducation and training, while the
lower half shows virtual training system components.The middle part in the lower half representsthe
required technologies for the systems. Education and training content can be input to the systems via
the combination ofa virtual simulation platform and an experience and knowledge database. Simulator
software should be provided for education and training. Thisncludes a simulator control management
tool, operations management, and evaluation.

When developing virtual edu@tion and training systems based on the framework the following
technologies, in addition to VR and AR, are needed:

1 Content creation and manipulation

1 Information modeling

1 Visualization and simulation

1 Sensor representation

1 Real world representation

I Graphical user interaction
Content creation and manipulation should includealefinition, storage, retrieval, transfer, and interaction
with teaching and learning knowledge Since learning and teaching technology can be combined with

knowledge databasesguidelines on howto create and manipulate knowledge databases @ducation
and training content should be provided. In addition, user interfaces for learning and teachirstpould be

© ISWUEC z All rights reserved 7
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standardized. Information modeling using VR and AR is necessary to be de#d andimplemented for
virtual education and training systems so that content in knowledge databases can be simulated in
virtual environments. How to defineand represent education and trainingnformation in relation to VR
and AR should beanalyzed Visuwalization and simulation should include 3D representation, and
simulation methods or procedures for education and training. Sensor representation should include
real world sensor information used for education and training. Real world representation should
include real world physical objects represented in virtual environments. Graphical user interaction
should include types and usage of interfaces with virtual environments during education and training.

Application areas of VR AR education

Simulator S/W

= Simulator control
management tool
Opérations managementy

Training content

Virtual simulation platfor
PR ence « Knowleuy

Virtual training KATS 2015
simulator

Figure 3.8 Virtual education and training systemsframework

4 Information modeling architecture for virtual education and training

Virtual education and training systems can be developed with systems integration technologies. Figure
4.1 illustrates the basic informationmodeling architecture for the systems. The four horizontal layers
at the left represent the hierarchy of technologies necessary for systems integration in all areas. Starting
with the bottom layer, ICT fundamental technologies should be the basier all areas of systems
integration. The next layers represent the need for ICT informatiomodeling, ICT information exchange,
and ICT information interaction and interface when developing the systems. The four vertical layers at
the right represent the integration of technologies. ICT visualization includes all technologies #he
horizontal layers, as does ICT visualization processin§ystems integration includesall technologies at
the vertical layers, as well asn additional area to be integrated with ICT. Therefag, virtual education
and training systems need all the technologieat the horizontal and vertical layers. ISO/IEC JTC 1/SC 24
is focusing on standards development in ICT visualization and its data processing areas. 2Cis
focusing on standards developmet in ICT data transmissionprocessing and encoding/decoding. SC36

is focusing on learning, education, and training and their data processing areas.

In Figure 4.2, the horizontal layers correspond to visual technology, visual informatiomodeling, visud
information exchange, and visual information interaction fromthe technical point of view for ISO/IEC
JTC 1/SC 24 and SC29. For SCB®, layerscorrespond to education technology, education information
modeling, education information exchange, ancducation information interaction. When developing
systems integration applications, real world information, including various types of sensorshould be
included. In this caseanother layer should be added to the horizontal layers. In Figuré.3, the tq most
layer represents information processing in relation to real word sensors anthe facilities necessary for
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systems integration applications. In order to process real world information at this layer, VR, AR, and
MR technologiesshould be used. The tweightmost columns represent these technologies. Amorgjthe
many applications in systems integration areas, virtual education and training systems are typical
examples.Thesereside in the systems integration area.

SC24 SC29 SC36

[ l [ 1 l |

aoneziensia 101
uissaooad uoneuriojul [ensia 1D
uoneIgo1ul SuR1sAS

ASorouroa) Surureny Suryoes) Suruies] uopedNpy

Figure4.1 Basicarchitecture for developing ICT integration systems

ICT information
interaction and interface

ICT information exchange

ICT information modeling

ICT fundamental technologies
(computer system, operating
system, programming
language, database, software
engineering, network,
algorithm, graphics,
multimedia, artificial
intelligence, etc.)

SC24 SC129 SC36 SC24 SCl29 SC36

I 1 I 1

Visual Education
information information
interaction interaction

Visual Education
information  information
exchange exchange

Visual Education

information  information

modeling modeling

uonezifensia 101
durssadoad uoneuniojul fensia 1]
uoneIdolul sulsAS

Visual Education
technology technology

A3ojouyoa) Suryoea) Jurures] uonednpy

Figure 4.2 Architecture for integrating ICT visual information and education
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Figure 4.3 Virtual education and training systems and systems integration

Regardingthe development of virtual education and training systemskigure 4.4 shows the role of each
working group in JTC 1/SC 24, Figurd.5 shows the role of each working group in JTC 1/SC 29, and
Figure 4.6 shows the role of each working group in JTC 1/SC 36.

Figure4.4 SC24 working and studygroups for virtual education andtraining systems
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