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1. The Principles of Augmented Reality (AR)
1.1. Introduction

In the age of advanced technology, our interaction with the digital environment has evolved
significantly, transforming the way we perceive and engage with the information and objects
around us. Technologies such as Augmented Reality (AR), Virtual Reality (VR) and Extended
Reality (XR) have revolutionized various fields, from education and entertainment to health and
business. These concepts, although distinct in their applications, fit into a common landscape of
immersive experiences, giving us unique opportunities to explore and interact with the world
around us.

Augmented Reality (AR) refers to the integration of digital content into the real world. This
allows users to see additional information, such as images, texts or animations, superimposed
on the environment. For example, AR applications can be used in tourism, to provide
information about destinations visited, or in retail to allow customers to visualize how a product
would look in their own home. A popular example is the IKEA Place app, which allows users to
virtually place furniture in their rooms. AR can improve the user's perception and can facilitate
a deeper interaction with the available information.

In the literature we find several definitions of Augmented Reality (AR) such as:

e "Augmented reality is a technology that combines digital data with real data, helping users
visualize additional information based on the surrounding context." (Caudell, T. & Mizell, D.
(1992). "Augmented Reality: An Emerging Technology for Human-Computer Interaction");

e "Augmented reality is a technology that merges the real world with the virtual world, aiming
to create a fusion of human perception with digital information" (Milgram, P., & Kishino, F.
(1994). "A Taxonomy of Mixed Reality Visual Displays.");

e "Augmented reality is a technology that allows virtual elements to be superimposed on the
real world, in real time, in order to improve the user experience." (Azuma, R. (1997). "A Survey
of Augmented Reality");

e "ARis a form of technology that augments human perception of reality by integrating digital
information into physical environments."(Reitze, M. (2013). "Augmented Reality: Applications
and Future Trends");

These definitions reflect various perspectives on augmented reality and how it interacts with
the environment. In summary AR is a technology that overlays digital information (images, texts,
sounds) on top of the real world, thus improving the user's perception of the environment.

On the other hand, Virtual Reality (VR) creates a completely simulated environment where
users can experience another reality. By using VR headsets, consumers are transported into a
virtual space where they can interact with digital objects and environments. This technology is
commonly used in video games, but also in professional training simulations, such as those for
pilots or surgeons. The immersive experience offered by VR allows users to feel an integral part
of the environment, induced by the realistic sensations and scenarios created by the software.

In terms of Extended Reality (XR), this term serves as an umbrella that encompasses AR, VR,
and Mixed Reality (MR). XR includes any form of interaction that combines digital and physical
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elements, giving users the flexibility to experience various levels of reality. This can range from

education applications that use VR for simulations, to collaboration solutions that use AR for

virtual meetings. XR is showing promise in various industries, facilitating collaboration and

interaction in a way that was not possible before.

Each of these technologies comes with its own advantages and challenges. AR is accessible

because it works on most mobile devices, but it can have performance and connectivity

limitations. VR provides an immersive experience but requires expensive equipment and can

cause discomfort to the user. In contrast, XR, while versatile, faces complex development and

standardization challenges.

AR
Augmented Reality

VR
Virtual Reality

XR
Extended Reality

AR combines digital VRis a fully digital simulation of = XR is an umbrella term that
elements with the real an environment that the user includes all forms of
world through devices can interact with through immersive technologies,

such as smartphones,
tablets or AR glasses.
Users can see additional
information or images
superimposed on reality.

various devices, such as VR
headsets, to experience an
alternate reality. Users are fully
immersed in a virtual
environment that can induce

including AR, VR and Mixed
Reality (MR). XR refers to
experiences that combine
elements of multiple

Definition . . . realities, whether virtual or
sensations similar to those in ]
the real world. augmented. (Paul Milgram
(Jaron Lanier, "Dancing in the and Fumio Kishino - "A
Mind Field") Taxonomy of Mixed Reality
* The VR experience involves Visual Displays")
the use of headsets, controllers
and other immersive devices.
Interaction with digital Interaction in a completely Flexibility in interactions,
Interaction elements integrated into = virtual environment, = combining AR and VR.
the real world. disconnected from reality.
Improves user Total immersion in virtual Versatility through the
experience by adding experiences, offering realistic integration of  various
useful information. sensations. technologies.
Accessibility through = Training and education = Ability to customize
Advantage | mobile devices, without opportunities without physical = experiences for users.
s advanced technical = risk. Promotes collaboration and
requirements. Ability to explore dangerous or interaction in a digital
Possibility to integrate inaccessible environments. environment.
interactive learning in
various contexts.
Challenges = Hardware limitations, = High cost of the VR equipment The complexity of
which may restrict the (headset and accessories). developing applications that
quality of experience. Potential to cause discomfort or = integrate multiple

The need to have an
Internet connection for
some applications.

Data privacy and security
challenges.

dizziness to wusers due to
simulated travel.

The need to develop quality
content to attract users.

technologies.

The need to standardize
protocols for
interoperability.
Challenges related to the
consumption of technical
and financial resources.
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By using these technologies, users can experience a unique fusion of physical and digital reality,
improving the way we learn, work and play. The continued development and implementation
of these technologies will have a significant impact on the future of human interactions with
technology. Each technology has its own applications, advantages and challenges. However,
their shared potential to improve user experiences continues to grow, with applications in fields
ranging from education and training to entertainment and commerce.

1.2. Principles of Augmented Reality (AR)

Augmented reality (AR) is an emerging technology that combines digital elements with the
physical environment, providing users with an integrated experience. The basic principle of AR
focuses on creating meaningful interactions between the user and the virtual content, ensuring
that it enhances the perception and understanding of the environment.

Contextual Perception is the key to AR. This technology uses the ability to recognize and
understand the surrounding context, integrating digital information in a relevant way. This
means that AR continuously analyses data from the environment and adapts to provide useful
and accurate information to users.

Interactivity is another essential aspect. Users must be able to connect with virtual objects in a
natural and understandable way. This can include simple gestures, voice commands or different
methods of interaction, all aimed at creating a personalized and pleasant experience.

AR also aims to provide an immersive experience. Users need to feel like an integral part of an
enhanced environment, which emphasizes the importance of quality design. A well-crafted
interface can make the difference between a mediocre experience and an engaging one.

Another crucial principle is reactivity and adaptability. AR content should be able to respond
quickly to changes in the environment as well as the user’s actions. This responsiveness ensures
a fluid interaction, adjusting information in real time to meet the user's needs.

Finally, information integration is an essential component of augmented reality. AR should
facilitate quick access to the necessary information, thus improving the decision-making
process. This involves effectively integrating data from various sources, presenting it in a way
that is easy to understand and use.

In conclusion, Augmented Reality is not only a cutting-edge technology, but also a way to
improve our everyday experiences by connecting us better with the information around us.
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2. Basics of Augmented Reality

2.1. Types of augmented reality

Augmented reality terms and their definitions are useful for understanding AR
technology: (Source: Augmented Reality Glossary - AREA (thearea.org) )

e Augmented Reality SDK - The AR Software Development Kit (SDK) is an all-inclusive
software package for creating AR applications. AR SDK includes: 2D and 3D tracking technology,
image recognition and tracking, geo-location capabilities, support for cloud storage of objects,
support for the Unity game engine, SLAM support, support for wearables and APIs for different
computer languages.

¢ Field of View - the size of the augmented reality image when viewed through a display
device.

¢ Gesture interaction is a way for users to control and interact with AR-assisted
applications. Gestures include all the movements the user can make with their hands, head, and
other body parts.

¢ Head-Worn Displays are a common display technology for augmented reality,
encompassing everything from lightweight smart glasses to goggles and more elaborate
projection displays.

¢ Heads-up Display is a display technology in which relevant information is presented to
the user, superimposed on his field of view on a transparent surface, in a user-centric manner.

¢ Head Tracking - a sensor technology that monitors the positioning and orientation of
the head.
¢ Hotspots - touchable points in the AR experience that reveal more content or options.

¢ Mixed Reality is a form of AR where digital overlays are blended into the environment
and have a spatial relationship with surrounding objects. While the user moves, the overlays
stays in the same position, attached to the real environment. Virtual and real objects are
potentially indistinguishable.

¢ Multimodal interaction refers to solutions that allow the user to interact with the
solutions in multiple ways, which may include speech, touch, vision, and gestures.

¢ Marker less AR - technique that allows the use of any part of the physical environment
as a basis for placing superimposed virtual objects.

e Markup is the method of creating a composite scene using increments, triggers, or other
information.

¢ Object Target objects can be used as targets to trigger the AR experience on camera
view recognition.

e Object Recognition and Tracking - feature that allows recognition and tracking of
arbitrary objects for augmented reality experiences.

e Optical character recognition - electronic conversion of images of handwritten or
printed texts into automatically coded text.

Camara
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¢ Rendering Engine is a software module that creates the increments based on the model
processed by the tracking module.

¢ Recognition describes the process of finding an image or object in the camera's
viewfinder as a starting point for real-time object tracking.

¢ Scene Recognition is used to recognize and track larger structures that exceed table-
sized objects.

¢ Spatial Computing - is defined as a human interaction with a machine in which the
machine retains and manipulates references to real objects and spaces.

¢ Target image and associated extracted data are used by the tracker to recognize an
image.

¢ Tracking - The AR experience should "understand and track" where a certain object is
placed in the real world to anchor its content.

At the moment, we distinguish several types of augmented reality:

Superimposition AR

|

Markerless
AR

Marker-Based AR

Overlay
AR

Contour-Based AR

Projection-Based AR Location-Based AR

Markerless requires no image to produce visual effects. This

A technology uses a device's camera, location software and
AR accelerometer to obtain information about the position and

orientation of objects in space.

A mobile device with a markerless augmented reality application can

be used to recognize images from the cloud or stored on a server.

Images must be unique.

® AR technology based on the projection of light on a flat surface

Projection-Based to create 3D images (holograms).
AR

e User interaction is achieved by touching the light on the surface
and touching the surface on which the interaction is projected.

¢ Content is fixed to a specific physical space.

* AR does not need a special marker to identify the location of virtual
objects.

'-006“‘;';3333“ » Works using technologies like GPS, accelerometer, digital compass

etc. to pinpoint the location and position of a device.
e Pokémon GO is the best-known example of location-based
augmented reality.

Belgium
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Seilay the same item, complete with multiple visual perspectives.

l p * AR replaces viewing an object with an enhanced virtual image of
AR

* Digital datais superimposed on the actual displayed environment
and is designed to interact with it.

e Contour-based AR updates an object's image to a real-time

assisted virtual image.

Contour-Based * AR creates edges and outlines of less recognizable objects.
AR

¢ AR uses SLAM to contour the object and simulate realistic human
interaction.
¢ Contour-based AR is used in navigation systems
e Maker-based AR works by scanning a marker that triggers an
enhanced experience (either an object, text, video, or animation) to
appear on the device.
Marker-Based . .

AR ¢ The most used markers are two-dimensional QR codes.
e Marker-based AR can only be used with mobile devices such as a

smartphone or tablet

2.2. Augmented reality hardware

Augmented Reality technology uses two types of hardware interfaces to overlay digital
information on the physical world:

a. Heads-worn displays
b. Handheld displays.

{\ AUTODESK.

Source: https://beyonddesign.typepad.com/posts/bim-360-docs/
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a. Heads-worn displays

Head-mounted displays are wearable devices that allow users to view digital content overlaid
on the physical world. These devices are designed to provide a hands-free experience, allowing
users to interact with digital information without having to use their hands to hold a device.
There are several types of head-worn displays, each with its own characteristics and
applications.

Types of Head Displays:

¢ AR glasses: These devices show information directly in the user's field of vision, using
projection technology or holograms. They are often used for industrial, educational or
entertainment purposes.

Example: Microsoft HoloLens, which allows users to view and interact with holograms in the
environment, seamlessly integrating them with real objects.

¢ AR Headset: This type of hardware is larger and provides better coverage of the field of view.
AR headsets can include a variety of sensors for gesture and environment recognition.
Example: Magic Leap One, which uses advanced technology to place holograms in physical
space, giving users a fluid and natural interaction.

Advantages:

¢ High Immersion: Gives users an immersive experience, allowing them to interact with digital
content directly in their environment.

¢ Discretion: Allows users to access information without having to stop or focus on a device,
which is ideal in professional applications.

Challenges:

e Comfort: Some devices can be bulky or uncomfortable when worn for longer periods.

e Costs: The advanced technology used in these devices can be expensive, limiting their
affordability

b. Displays for the Hand

Handheld displays are smaller, portable devices that allow users to interact with digital
information at their fingertips. These may include smartphones, tablets or special controllers
designed for AR applications. Handheld displays also allow users to view and control digital
content in a more interactive way.

Types of Handheld Displays:

¢ Smartphones and Tablets: These devices are most used for AR applications due to their
advanced cameras and sensors.

Example: AR apps like Pokémon GO or Snapchat that use the device's camera to overlay virtual
objects onto the real environment.

¢ AR Controllers: These allow users to interact with digital objects through gestures or physical
buttons, providing a more immersive experience.

Example: Controllers used with AR devices, which can simulate interactions with virtual objects,
facilitating their manipulation.

Advantages:

. 71 TECHNISCHE
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e Accessibility: Users can quickly access AR applications without the need for expensive or
complex equipment.

¢ Interactivity: These enable a greater level of interaction as users can use gestures and
movements to manipulate digital content.

Challenges:

e Screen Limitations: The size of the screen can limit the user experience compared to the
experiences offered by head-up displays.

¢ Need for Hands-Free: Although smartphones and tablets are easy to use, users may need a
free hand to interact with content

2.3. Augmented reality software

Augmented reality (AR) software is essential for developing and deploying applications that
integrate digital content with the real world. It allows the generation, processing and display of
virtual elements in real-time using available hardware. There are several types of AR software,
each with specific features and different purposes.

a. AR Development Platforms

AR development platforms provide tools and resources for programmers and developers to
create AR applications. These platforms provide code libraries, SDKs (Software Development
Kits), and tutorials to facilitate the development process.

Examples:

«» ZAPPAR: Zappar is an AR development platform because it allows users and developers to
create and publish AR content using their own tools and templates but also provides APIs and
development tools that make it easy to integrate augmented reality functionality into apps and
websites (category 5 software).

Q Zappur https://www.zappar.com/

«» ARKit: A platform developed by Apple that allows developers to create AR apps for iOS. ARKit
offers advanced surface detection, facial recognition, and motion tracking features.

https://developer.apple.com/augmented-reality/arkit/

< ARCore: Similar to ARKit, but developed by Google for Android devices. ARCore enables the
development of applications that integrate digital content with reality through position tracking,
plane detection and illumination estimation.

T TECHNISCHE
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https://developers.google.com/ar

ARCore

«» Wikitude: An AR platform that provides development solutions through an SDK, enabling the
creation of location-based AR applications and image recognition.

b. 3D modelling software

3D modelling software is used to create virtual objects and animations that can be integrated
into AR experiences. This type of software allows designers to create detailed models that can
be overlaid in real time over the physical environment.

Examples:

<® Blender: An open-source software used for 3D modelling, animation and rendering.
Blender is often used to create AR content because of its advanced features and accessibility.

A®blender https://www.blender.org/

<* Autodesk Maya (Pro, free for students): A professional software used in the industry for
3D modelling, animation and simulations, also useful for creating AR content.

#4 AUTODESK https://www.autodesk.com/

SketchUp (Free with paid options)

2
°o

@SketchUp https://www.sketchup.com/en

<* Tinkercad (free)

I AUTODESK
Tinkercad .
D https://www.tinkercad.com/

<& Fusion 360 (free for students, paid options):

DEE

AUTODESK"

" FUSION 360° https://www.autodesk.com/products/fusion-360/

c. Image recognition software
Image recognition software is crucial for identifying real-world objects and integrating them with
digital content. It allows AR apps to analyse what devices’ cameras "see" and react accordingly.

Examples:

<* Vuforia: An AR development platform that provides advanced image recognition and
3D object tracking. Vuforia is frequently used in commercial and educational applications.
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vuforia engine” nitps://www.ptc.com/en/products/vuforia/vuforia-engine

2

< OpenCV (free): An open-source library used for image processing and computer vision.
OpenCV can be integrated into AR applications to facilitate image recognition and analysis.

o https://opencv.org/
OpenCV
< Clarifai (Free with paid options):
m https://www.clarifai.com/
<® Microsoft Azure Computer Vision (Free with limitations, paid options):

https://azure.microsoft.com/en-us/products/ai-services/ai-vision/

<* Google Cloud Vision API (Free with limitations, paid options)

o

Google vision APl https://cloud.google.com/vision/

d. Mixed reality integration software

Mixed reality integration software allows elements of augmented and virtual reality to be
combined, giving users a richer experience. This type of software allows users to interact with
digital objects in a way that simulates interactions with physical objects.

Examples:

< Microsoft Mixed Reality Toolkit (MRTK): A collection of resources for developers
creating mixed reality applications, facilitating interaction with virtual environments.

https://github.com/microsoft/MixedRealityToolkit-Unity

X Unity: A game engine that supports the development of AR and VR applications, with
dedicated tools for integrating elements from both types of reality.

R

<& ARKit (only free for iOS):

https://developer.apple.com/arkit/

<> HoloLens Development Kit (Pro, needs HoloLens):

https://developer.microsoft.com/en-us/windows/mixed-reality/

<> OpenXR (free):

https://www.khronos.org/openxr/
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e. APIs and development tools
APIls and development tools make it easy to integrate and use AR features in applications. These
tools reduce development complexity and allow developers to quickly integrate AR

functionality.
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3. Hands-on Practical training in AR Technology

3.1. How to start? Create a ZappAR account
Link: https://my.zap.works/projects/

Zappar and ZapWorks are two components of the same ecosystem, but they have different
functions and purposes.

Zappar is an augmented reality (AR) application available on mobile devices that allows users to
interact with AR content by scanning Zapcodes or other markers. Users can discover and view
AR content such as animations, videos and 3D objects. It is an easy-to-use platform for
consumers who want to experience AR without requiring advanced technical knowledge.

ZapWorks is an AR development platform that provides tools and resources for developers and
designers to create custom AR content such as 3D animations, videos and interactions. The
platform includes a visual editor (ZapWorks Studio) and other tools for developing complex AR
applications.

Otherwise:
e Zappar is the mobile app for end users who want to interact with AR content.

e ZapWorks is the development platform that provides tools for creating custom AR
content for developers and designers.

The Zapworks platform offers several PRO login options, but for the free version we only have
13 days.

Your trial expires in 13 days.
® zapworks il

After opening the direct account, we have the following home page:

Your trial expires in 13 days.
® zapworks i y @
Upgrade

S Welcome to Zapworks

0o Zopworks

@ We are excited for you to be here!

Your workspace comes with a set of award-winning immersive

X tools. Get started with Designer - a browser based no-code

f creator tool for AR and headsets or jump straight into Mattercraft

I . - a fully featured immersive developer tool. Click below to create
C) 5
I o your first project today.
% m rm 4“".{ .‘
: . Create project
- . | [ i
A s ;‘\( ;\" & Rﬁﬁ P | &
’ - 4 p =
o N @ : v Not sure where to begin? Learn about AR and the different types

@ of experiences you can create, with our interactive tour.

Ay
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We have at our disposal the Menu on the left:

S X @ 58

5@ Do

e

My workspaces

New workspace

create apps,

0o
oo

)

Distribution hub

WebAR Distribution methods

" l
g8
° Subseribe ta weekly performance email
- o View example email | Send (est emai
il el | ¢
b o ES
' P Total views Unique users uerage dwelltinse Total dwiel time

k“gmm/' ” 0 0 - -

“Duwell i s nat rcorded in WebAR Wiy?

@&

oo L-‘.r_, i .
v°>_2 3 ‘Q Iﬁ b

Views over time (selected date fange)

where we can see the statistics, after we access the AR

your workspace, and add new custom ones.

2
Available for projects built using Zapworks Studio and Zapworks Designer.

Learn more

Selected destination

©))

7oppar

Your trial expires in 13 days.
®zapworks

jele]
oo

@

Downloads & SDKs

ARTools

Create AR using our in-house developed tools,
Check oul our tutorials and documentation.

Zapworks Studio 6

Start creating awesome 3D
experiences in AR, MR and VR

Available destinations

Zapworks CLI

Command line tools to help you
build and publish your

ways of distributions,

but also, the

-
-

JS
e—— — S— g modules we
can
download.

O babylon.js

@hmejs

SDK for Three s
Thvee. i

SDK for Babylonjs

experiences.

From the main page, we are offered a tour through the application galleries that the platform
offers in the three major categories to guide us later when we leave a project:

Camara
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@ trolis.arweb.app ¢

Face tracking uses computer vision to build an understanding of a
users’ face: recognising key landmarks such as the eyes, mouth, nose,
and chin. By understanding where these landmarks are, we enable you
to build interactive experiences by attaching 3D models and 2D images
to them.

In addition, we also know when a user completes certain actions, such
as raising their eyebrows or opening their mouth, which opens a range
of use cases:

° Virtual product try-ons (e.g. sunglasses)
° Drive social shares with selfie photo booths
° Create fan engagement experiences
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World tracking allows us, through the phone camera, to build an
understanding of a user’s environment, and place digital content on to
flat surfaces. The position of content placed in the world is often set to
remain fixed, allowing users to walk around and view it from any
angle, making it feel like it is part of the room with you.

You should use world tracking if you want to:

° Create a portal for users to ‘step’ into
° Visualise people & products in the real world
. Create room-scale mini-games

1428 -

Image Tracking

Printed materials such as posters and magazine covers can be
uploaded to ZapWorks to make ‘ Target images ’. Using our image
tracking technology, through the phone’s camera, you can bring these
materials to life.

You should use image tracking if you want to:

° Create an interactive magazine or book
° Build a mini game tracked to a cereal box
° Connect product packaging to eCommerce stores

3.2. Platforms to Create Augmented Reality - ZapWorks Studio
A brief overview of the ZapWorks Studio platform: The platform offers us 4 options to create
an AR app: Designer, Mattercraft, Universal AR and Studio.

Select a project type

Most popular

Mattercraft
Designer Universal AR
Our latest & most advanced
Create world & image tracked tool for building immersive AR, Power up your favourite
3D projects with our drag & VR & 3D experiences for the frameworks and engines with
drop editor. web. our AR SDKs.
More ways to create AR
m Studio Create 2D and 3D experiences with our powerful AR-first engine.
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Regardless of which option we choose, the first window is identical, later after pressing the Open
Designer/ Mattercraft/ Studio button, the option windows are different

A. DESIGNER interface

Zapworks Designeris a browser-based, no-code immersive experience development tool.
Designer gives you the platform to easily create stunning WebAR (Augmented Reality) and
WebXR (Mixed Reality) experiences without coding expertise.

m Politebnica Bucur.

Unpublinhed

Untithed project

. &% Aations Ty Labeln S Learm {5 Gt product updates
E N
) Triggers ) Project icon & tithe
|-} 1 i) QR Code Deestination Project icon [Recommended sire
258x254)

) Leank Support Untigied profect
& e cokear

Within this variant, we must decide for which hardware equipment we apply:

Choose device type

.,
I~ i o« Zapworks

74 D

~ esignher
Headset devices Handheld devices
Immersive AR content suited ARc
for headsets.

Afterwards we have to decide which

content we choose as a template/model:

New Scene Blank projects
3 Choose an empty tracking scene to start your project with. You can later add scenes of muitiple types to the same
= Blank project .
project.
Templates
FR .
B, World tracking

:JénJ 360 content

£,  Image tracking

Eal z

©, Facetracking
World tracking 360 content Image tracking
Place content on flat surfaces, Create immersive experiences Content will anchor to images.
like the ground or tabletop. with 360 images and videos. Great for posters and cards.

e

=

—1

S
Face tracking Screen only
Attach content to anchor Add content to your screen to
points on parts of the face. easily create menus or quizzes.

Lusemboarg
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Thus, for each category we have several models that we can use and develop/ modify:

World tracking templates:

e =] e &
Vocal Warm-ups $ri B ’“
L v |
e \
H ® ‘
<l | e
Public Speaking skills Company Values Mastery Loop (L&D) Tourism promo
Tips and exercises to speak Learn about the company Watch a video and answer A city and language promo
confidently in public. values of Zappar. questions to proceed.

using alpha video.
4 “
% W @ o

pe=il
Honey —m:,vi

Honey promo Beverage promo Product showcase Treasure hunt
Use curved tracking to Use curved surface and alpha Shpwcase pﬂ?d uct features Atreasure hunt experience
promote your product. video to promote a product. using alpha video.

using all three tracking types.

All new watch J .. -
new wateh ﬂ ﬁ e,
@ -
Expanding watch Headphones promo Drink promo Guitar Shop Promo
Animated product that Visualise your product in an Visualise a product in world AR-enabled marketing
expands when you tap. immersive experience. tracked space. material for a guitar store.
== oper
e .52
m .
o 3 o il ]
§£% - © J| =m
Product Hotspots Onboarding (L&D) 3D Model (World) Animated Avatar
Visualise and interact with a Showcase of an employee Simple experience containing a World tracked animated 3D
product via hotspots. onboarding experience. world tracked 3D model. avatar (Ready Player Me).
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Rocket Game Multiple Animations
Quiz functionality, showcasing Play multiple 3D animations
scenes and transitions. activated on button taps.

For the option 360 content

Choose from our selection of immersive 360 image and video projects.

Identifying Hazards Office Tour
Find all the potential hazards Navigate through the Zappar
in this 360 environment offices in 360

For the option: Image tracking we have the next templates

(N

v l-‘lon‘e_v J &%ﬁ%{
Honey promo Beverage promo Avatar business card
Use curved tracking to Use curved surface and alpha Avatar and 3D assets, tracked
promote your product. video to promote a product. to your business card.

I [ s
. — = -
1 L S
@ e
Treasure hunt Photo album Collectable card
A treasure hunt experience Image tracked photo album for Track an animated object toa
using all three tracking types. a fictional honeymoon. collectable card.
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‘»\
Business card Guitar Shop Promo
Track AR to your business card AR-enabled marketing
and make it pop. material for a guitar store.

Face tracking offers us other models/ templates

‘ ' A %
s \ Q2
oo
Identifying Hazards Department try-on Mastery Loop (L&D)
Find all the potential hazards Personalise your teams’ Watch a video and answer
in this 360 environment onboarding experience questions to proceed.

-

k.

o e
W

Beverage promo Glasses virtual try-on Treasure hunt
Use curved surface and alpha Avirtual try on for a glasses e- A treasure hunt experience
video to promote a product. commerce store. using all three tracking types.

Regardless of the chosen template, the following window will open where the AR application is
edited and built:

& B 3 AR [ Custom > || & Scene Global

Button
g 400 w 80O W Targetimage

T $:23PM il

Text

@ example.com

Image

Opacity

100

Orientation

Q0
oF A - 4
Applets ; Front B)
Phri

< @ 1~ = @ 20%

=

B. Mattercraft interface

Mattercraftis a fully integrated, browser based 3D content development environment
perfected for building interactive experiences for the web. Mattercraft's intuitive 3D editor lets
you create web experiences visually, while leveraging the best features the web has to offer.
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Create project All  Templates Examples Search
Select a project type
Most " e Basic
oSt popular A Basi Barebones project that comes with the basic setup for a 3D web experience.
&5 Basic
Templates
"l ' Templates & examples
@ e o
= - & Augmented Reality
-
- @ Immersal VPS
. Mattercraft . ‘C Headsets & VR
Designer Universal AR
Our latest & most advanced P
Createworld & image tracked tool for building immersive AR, Power up your favourite L Physics & Simulations
30 projects with our drag & VR & 3D experiences for the frameworks and engines with o
dropeditor. wreb, our AR SDKs. AT
5 Interactions Blank (with Splash)
A simple 3D project, including a
More ways to create AR 0 Other & Misc placeholder splash page.
Handheld ) Desktop
B8 oo Create 20 and 3D experiences with our powerful AR-first engine.
Augmented Reality
Import from ZIP Immersive experiences for the web using Zappar's high performance augmented reality technology.
Mattercraft offers support for
immersive World, Face, and
Image tracked Augmented
Reality experiences. Powered
' .
by Zappar's cutting-edge
tracking technology,
Mattercraft enables you to
Create project Al Templates Examples Search
hleve Headsets & VR
A ; AR, VR and MR experiences for headsets, including Meta Quest, leveraging WebXR.
oo Basic
Templates
Templates & examples

& Augmented Reality

© Immersal VPS
‘0> Headsets & VR
X Physics & Simulations
> 360°
-13 Interactions VR Starting Template VR /MR Passthrough Starting Template VR/AR /MR User Placement Template
Headset experience where content is Headset (or handheld) experience where Headset (or handheld) experience where
© Other &Misc added to the user's real world. content is added to the user's real world. content is added to the users real world.
Headset Headset Headset
-
360° Panorama
Details
. .l .
This template features a 360° image that the user can view by rotating their mobile device.
’
. . . . The project includes a default splash page - a ‘launch’ screen shown to the user when they
to b ul | d Immersive vi rt ua | first land on your page. It's important for both technical and user experience related reasons.
’

You can customize it in the index. html file.

mixed and augmented reality
experiences for deployment

to headsets a nd handheld Rendering Engine Supported Browsers
. * threejs * Safari oniOS and MacOS
devices over the web. : oot
Scripting Language
* TypeScript
& Back
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Explorer

Node Properties

Behaviors

Tips & Tricks

Mattercraft Zappart:

R
*

% 3D AR Content Creation: Mattercraft Zappart allows users to create and integrate
complex 3D models into augmented reality experiences, facilitating the use of
interactive objects directly from the 3D environment.

R
L X4

Gamification Features: This module includes options for implementing gamification
elements such as scores, levels, and interactive feedback, which are not predominantly
featured in the other modules.

R
L X4

Advanced User Interface Customization: Mattercraft Zappart offers advanced options
for customizing the user interface in AR applications, allowing developers to fully adapt
the look and functionality of the application to meet their specific user needs.

R
L X4

AR Data Analytics System: Zappart includes integrated tools for monitoring the
performance of AR applications, enabling developers to better understand how users
interact with the content and optimize the experience.

R
L X4

Support for Collaborative Augmented Reality: Mattercraft Zappart allows for real-time
AR interactions between users, facilitating collaborative experiences that are not
available in the other modules.

These features make Mattercraft Zappart ideal for developing more sophisticated AR
applications, enabling users to create innovative and engaging experiences.

C. Universal AR interface
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Select a project type

Most popular

Designer

Create world & image tracked
3D projects with our drag &

drop editor.

More ways to create AR

=

| B

) -

‘ < Select an SDK
Mattercraft

Universal AR

Our latest & most advanced Our SDKs
tool for building immersive AR, Power up your favourite
VR & 3D experiences for the frameworks and engines with
web. our AR SDKs,

Unity

B O

Create 2D and 3D experiences with our powerful AR-first engine. games.

Co-funded by
the European Union

PlayCanvas Create amazing AR experiences using the web-based 3D game engine, PlayCanvas.

Unity is one of the world's most popular cross-platform engines for building 3D

# Js JavaScript Developers can access our computer vision technology via a low-level APl wrapper.

A-Frame is an open-source framework for creating AR with HTML & entity

A-Frame
components.

project.

React + Three.js Build your WebAR campaign combining the popular React and Three.js libraries.

. Leverage Babylon's ecosystem of tools, supporting libraries and docs for your AR
Babylon.js

Three.js Three,js is a popular library and APl used to create 3D animated content for the web.

The Universal AR Interface module in Zappar AR offers several unique features that differentiate

it from the other three modules (Designer, Studio, and Mattercraft):

amara

R
%

R
°o

R
L4

R
%

R
L X4

Flexibility and Adaptability: The Universal AR Interface is designed to be highly flexible,
allowing developers to build AR applications that can quickly adapt to various types of
content and interactions, unlike the more specialized modules.

Customizable Interactions: This module provides advanced options for customizing how
users interact with AR content, including gestures, touches, and voice commands, which
may not always be available in the other modules.

Easy Content Integration: The Universal AR Interface facilitates the rapid integration of
different types of content, such as animations, 3D models, and visual effects, while
maintaining a consistent user experience.
Support for HTML and WebAR: Unlike the
other modules, which may focus more on
native applications, the Universal AR
Interface offers support for WebAR,
enabling developers to create AR
experiences that are accessible directly
through web browsers.

Unified Interface: This module provides a unified interface that streamlines the
development process, allowing users to create and deploy AR applications more quickly
and efficiently, regardless of their complexity.

Accessibility and Ease of Use: The module focuses on providing an easy-to-use
experience for both developers and end-users, making it simpler to create AR
applications without the need for advanced programming skills.
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Universal AR is Zappar's best-in-class computer vision libraries (including image, face and
instant world tracking) available as SDKs for a wide variety of platforms and languages.

D. STUDIO interface

Zapworks Studio allows you to create fully customizable augmented reality experiences. With
support for image-, face-, and world tracking, 3D models, and custom animations.

ZapWorks Studio's world tracking functionality allows you to position digital content in the user's
real-world environment.

The position of content placed in the world will remain constant, allowing users to walk around,
and view, the content from any angle. World tracking builds upon ARKit and ARCore
technologies and must be launched in the Zappar app or custom app equivalent to function
correctly.
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Downloads & SDKs

(i Download Zapworks Studio 6

Create AR using ourin-house developed tools.

Check gt our futorials and oo ='D'.!='- o Start creating awesome 3D exeperiences in AR, MR and VR.

Download for Windows

‘A Download for Mac \‘

Zapworks CLI

Zapworks Studio & ‘Command line toods to help you

Start cresting swesome 30 build and publish your
experiences in AR, MR and VAL experiences.

Universal AR

e = LNt ’“‘“f_‘_“_:’"xo.nhhm Subscribe to updates to Zapworks Studio.

and creztie bools. Learm More.

Min requirements: Win 7 or later, MacOS Yosemite or later.

(-@unitv £ &

SDK for PlayCanvas SDK for Unity SDK for JavaScript SDK for A-Frame

Create amazing AR evperiances Unity i ane of the warld's most Developars can soomss our A-Frame iz zn apan-source
uzing the web-bazed 20 zzme mopulzr cross-platform engines computar visian technalozy viz framewark for crezting AR with
engine, PlayCameas. far building 30 zames. 3 low-level APl wranper. HTML & enkity components.

=] ==
B babylon.js 4
Vi ! three.js
SDK for Babylon js SDK for React + Three js SDK for Threejs
Leverzz= Bzbylon's scasystem Build your WebAR campaizn Thire j= iz 2 papular library and
of tools, supporting libraries comiining the populsr Resct APl used ta crexte 30 animated
and does for your AR project. and Thras j fibrarias. comtant for thawes.

World-tracked experiences require the target device to support ARKit (i0S) or ARCore (Android).

ZapWorks Studio provides a number of project templates, accessible from the New
Project modal. These include projects which demo certain functionalities, as well as templates
that can be modified by swapping in your own assets.

Modification notes are displayed when a project template is opened in Studio, and provide
instructions on how to correctly edit the project.

While Actions make it easy to add interactivity, ZapWorks Studio provides the ability to define
custom functionality and behaviour for full control over your experiences, through
its TypeScript environment. Studio's script editor also provides a number of shortcuts to help
speed up your development workflow.

The Studio module offers several unique features that set it apart from the other three editing
modes (Designer, Mattercraft, and Universal AR Interface):

« Comprehensive Editing Tools: Studio provides advanced editing tools that allow for in-
depth customization of AR experiences, including features for manipulating 3D objects,
animations, and interactions in a more granular way than other modules.

2
o

Enhanced 3D Content Creation: Studio focuses on 3D content development, enabling
users to create, import, and edit 3D models directly within the platform, which is not
as prominently featured in the other modes.
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< Animation Capabilities: The Studio module includes robust animation tools, allowing
developers to create complex animations and transitions for AR objects that can
enhance user engagement, something that may be limited in the other editing modes.

< Scripting and Logic Integration: This module supports scripting capabilities, allowing
users to add custom logic and functionalities to their AR applications, enabling
dynamic interactions and behaviors that are not available in the more template-driven
modules.

< Multi-User Collaboration Tools: Studio encourages collaborative development,
providing features that facilitate real-time collaboration among team members
working on the same AR project, which may not be as effectively handled in other
modules.

R
L X4

Testing and Debugging Functions: Studio offers integrated testing and debugging
tools, enabling developers to evaluate their AR experiences within the environment
before deployment, which enhances the quality assurance process.

These unique features make the Studio module particularly suitable for developers looking for
a comprehensive and customizable environment for creating sophisticated AR applications,
distinguishing it from the other editing modes in Zappar.

3.3. Example of AR in Zapworks Designer

Zapworks Designer is a browser-based, no-code immersive experience development tool.

After selecting the type of device for which we are creating the AR application (Headset or
handheld devices), we choose the type of desired AR experience and the associated template.
In this example, we select Image Tracking.

Choose device type

o Zapworks

Designer

£

Image Tracking can detect and track digital content to a flat or upright image. This is great for
building content that's augmented onto print material such as business cards, posters, and
magazine pages.

Upon selecting Image Tracking, you'll be prompted to upload a target image in which your
content will track to. To do this, select the Upload target image button in the Project
Properties panel. Your target image will be trained, and once uploaded, will appear on your
canvas.
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POLlexp Project > @ Published

@ | Q@ (- SN
& + g 8 H AR/ (] = Scene Global
Button Targetimage
T
Text
IFH Enabling Industry 4.0 Skills .
mage $ 3
in Textile SMS
[.E_ Would you like to know more?
Video
S| Opacty
® 25 %
* Orientation
o0 I:O
o7 Upright e
Applets
| Switching orientation x
will affect all imase
@ Scene1 A E] 100%

Choose image type

Which image tracking type would you like to use?

Flat Curved

You are also able to choose whether the image you track to is oriented in
the Upright or Flat position through the Project Properties panel

Zapworks Designer is made up of a number of different panels, each of which are
essential when developing experiences.

POLlexp | Project > | @ Published @ @ e ﬁ Preview m
& + 4 )f AR /(] ) Scene Global
Text
= TEX4.0
' Enabling Industry 4.0 Skills R
Imag s .
in Textile SMS
.E_] Would you like to know more? 4
Video
= Opacty
@ 25
3D Orientation
oo ©
o+ Upright
Applets

I Switching orientation X
will affect all imase

fe) y

i Scenel A 100%

1. Components Panel: The components panel shows digital elements that you can add to
your scene. Here you can find Button, Text, Image, Video or import a 3Dmodel.

In this AR application, a button has been added to each scene, along with at least one
piece of text.
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Applets Buttons
Button Button
Basic buttons
T T
B Stylised buttons
Image Image
- g
Video Video “
Social buttons
og ® zapworks i 37 ﬁ u m
ki Applets
Appiets Video transparency % D d u
Remove solid color
< backgrounds from videos @
Xz
2. Scene Manager Panel: the scene manager panel alters the properties of the scenes in
your project(Select which scene is currently displayed in the viewport; Change the name
of your scene by selecting on your scene name, or via the burger menu, on the scene
selection menu; Adds another scene to your project or Duplicates the scene that is
currently being viewed.)
Scene1 Scene 2 Scene 3 Scene 4) Scene 5
Scenel v
In this AR application we have 5 scenes, each launched by pressing a button from the
previous scene.
3. Global Properties The project properties section is for making changes to your overall

project. Here you can find:

Section Description

Upload Target
“:ac:r: e Upload the image you wish for your project to be tracked
8

AR Web Embed Embed your Zapworks Designer projects into a website.

Shadow Settings Enable shadows for 3D components inyour project.

to.

Add some background sound that plays when a user views your

Background Sound .
experience.

Scene Properties Edit the name and view the content of the scene.

Scene Transitions

Photo Ul Toggle the camera controls for saving and sharing your scene.
Zoom Determines how zoomed in or out the scene viewport is.
2D-3D Switch Change between a 2D and a 3D view.

4. Scene Properties

Add a transition that plays when you move between scenes.

Custom sl % scene

{83 Global

£ 40 w 800 Name
Sereen settings
Scene actions

Onload

Transition effects

The scene properties section is for making changes to the
specific scene you're on( add a transition that plays when
you move between scenes; toggle the camera controls for
saving and sharing your scene)

INFINITIVITY KAINOTOMIA I’f
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Snapshot and video sharing
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5. Scene Objects Panel - Selecting an object from the list will also update the selection in
the scene. This is great for quickly selecting objects that are overlaid by others.

6. Context Bar - the context bar allows you to manipulate components and switch between
AR or Screen Ul mode (Move or rotate the selected component in the X, Y, or Z axis;
Duplicate or delete the selected component; Recenter your view on the canvas to
defaults; Lock or unlock the selected component from transform functions, etc).

@ D AR/ 0

7. Action Bar -contains admin functions for your project:

«» Rename the project on your workspace by double clicking on the current

name.
® zapworks [T

™
B roteeteics e

Analytics

Replace the current project with a template.

R
S

R
L X4

Open a drop-down menu with links to view shortcuts, see what's new, find
helpful documentation, and send feedback.

R
%

Shows the users that are currently editing the project.

R
L X4

Generates a temporary QR code to scan and view your current version.
POLlexp preview

N

LE : 5 Enabling Industry 4.0 Skills in Textile SMEs

"0, Full Screen

R
L X4

Publishes your project so anyone with the project trigger to access your
project.

Project successfully published!

28 QrCode

- Scan the QR code with
your phone camera to

experience in AR

E L+ Edit/Download

The project can be added to or modified at any time by adding or deleting scenes, objects, or
actions. Each operation must be finalized by publishing it, ensuring that any changes are
visible/active in the AR application.

Camara
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4. AR Based Business Models

4.1. Introduction to Business Models based on AR

Augmented Reality (AR)-based business models in the textile industry and associated
applications like 3D printing significantly transform how consumers interact with products. By
using AR, companies can offer personalized, engaging, and educational experiences that not
only enhance customer satisfaction but also contribute to increased sales, brand loyalty,
improved customer interactions, optimized internal processes, innovative product
development, and better marketing.

An AR-based business model must consider the following fundamental aspects:

<> Campaign Objective: What does the company offer users with AR?

<> Customer Segmentation: Who are the targeted customers for AR-based products or
services?

<> Distribution Channels: How do products/services reach customers?

<> Revenue Streams: How does the company generate profit from AR?

<> Costs: What are the costs associated with implementing and maintaining AR solutions?

The architecture of an AR-based business model involves a complex approach, incorporating all
these five aspects.

Campaign Objective: What does the company offer users through AR?

In selecting a business model, it is essential to choose one or more specific benefits that a
company offers its customers through AR technology. These may include:

< Interactive Experiences: AR can transform how consumers interact with products. For
example, users can “try on” clothing virtually or view furniture in their homes.

< Campaign Personalization: Providing interactive customization options allows
customers to create products that reflect their style.

<> Detailed Information: Through AR applications, customers can access additional
information about products, such as user instructions, reviews, or technical details, presented
directly in their environment.

> Improved Purchase Decisions: AR helps consumers make more informed decisions,
reducing waste and enhancing customer satisfaction.

Customer Segmentation: Who are the targeted users?

Customer segmentation is a critical step in selecting a business model, aimed at defining the
specific groups to which AR-based products or services are targeted. In the AR field, we
distinguish four main customer categories:
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O

< Young Consumers: Younger generations, more receptive to digital technologies, can be
a primary target, especially for fashion and electronics products.

< Online Shoppers: Users who prefer online shopping and seek interactive experiences can
benefit from AR applications that enhance the buying process.

R

< Technology Enthusiasts: People interested in innovations and gadgets may appreciate
AR solutions that offer new ways to interact with products.

2

< Retail Companies (B2B): Companies looking to modernize the shopping experience they
offer their customers by integrating AR technology in stores or online platforms.

Distribution Channels: How do products reach customers?

Distribution channels contribute to the success of a chosen business model, referring to how
products or services are delivered to customers, such as:

2

< Mobile Applications: Offering specific apps that allow users to access AR features, either
to view or customize products.

<% E-commerce Websites: Integrating AR solutions on websites that enable customers to
view and interact with products available for sale.
&

< Physical Stores: Using AR installations in physical stores where customers can access
augmented experiences to explore products.

< Social Media: Platforms like Instagram or Snapchat provide AR options for product
marketing, allowing users to interact with brands in a new and engaging way.

Revenue Streams: How does the company make money from AR?

Revenue streams refer to how the company generates income from using AR. These may

include:
<& Direct Sales: Income from selling products that integrate AR (e.g., customized clothing).
<& Subscriptions: Subscription-based business models allowing users access to premium AR

functionalities through applications.

<& Digital Products: Selling digital products or AR content (e.g., custom AR filters, 3D
models).
<& Marketing Partnerships: Collaborations with brands or influencers for marketing

campaigns using AR, generating income from sales commissions.
Costs: What costs are associated with implementing AR?

The costs associated with implementing AR solutions can vary significantly depending on the
application's complexity, product type, and technical requirements. These costs may include:

<> Software Development: Creating and programming AR applications requires specialized

technical resources. Development costs may include team salaries, costs for AR software
technologies, software licenses (e.g., for Unity or ARKit), and testing expenses.
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<& Necessary Hardware: Companies may need specific hardware to test and run AR

applications, such as high-end smartphones, AR glasses, or VR equipment, depending on the
application.

R

< Content Creation: Depending on the AR application, significant investments may be
required in creating high-quality 3D content. This can include 3D modeling costs, animations,
and graphics, especially for premium solutions.

R

< Marketing and Promotion Costs: Implementing AR requires promoting the new
experience to customers, involving online and offline advertising expenses.

< Maintenance and Updates: Once the AR application is launched, frequent updates may
be needed to adapt to user feedback and technological advancements. These updates can
include bug fixes, adding new features, or support for new devices.

2

< Training and Technical Support: Companies may need additional training sessions for
employees in using and maintaining AR solutions. Ongoing costs for customer support may also
exist.

4.2. Different Types of Business Models Based on AR

Currently, the consumer market, including the textile sector, offers a variety of business models
that can be adapted to current consumption trends, including sustainability, personalization,
and digitalization. Each model can be adjusted to fit consumer needs and preferences,
contributing to the business's long-term success.

Among the most recognized are:

R

< Product-Based Direct Sales Model: Companies manufacture their textile products, from
fabrics to finished items (clothes, bed linens, rugs, etc.). In this model, companies can offer
physical products enhanced with AR experiences.

R

< Experiential Shopping Model: Stores that use AR to offer customers an interactive
experience where they can explore collections through augmented views and interactive
presentations. Clothing stores may have tablets or AR installations where customers can scan
products to obtain additional information, such as design inspiration, care instructions, or styling
combinations, all within an engaging visual experience.

R

< Interactive Customization Model: Customers can create their designs for items like t-
shirts or clothing through various applications. Using AR to allow customers to customize textile
products in real-time lets them visualize the design applied to the garment before purchase. The
combination of AR and 3D printing offers customers the ability to create personalized textile
items based on an AR model, which can then be printed. This model can include partnerships
with customers to create exclusive designs.

R

< Subscription-Based Model: Monthly textile product boxes: Customers pay a monthly fee
to receive a box with textile items (e.g., clothing, accessories, etc.) selected based on their
preferences. Visual details about the products can be accessed by scanning a QR code on the
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package or clothing label, allowing users to see how the material behaves under different
lighting or from various angles.

< Dropshipping: Selling without stock: Companies sell textile products without physically
holding them. When a customer places an order, the product is shipped directly from the
supplier to the customer. AR is used in this business model to inform customers about product
quality, maintenance, etc.

< Education and Information-Based Model (Reconditioning and Recycling Sustainable
Textiles): This model involves reusing textile materials to create new products. Companies may
collect used clothes and transform them into eco-friendly fashion items. AR in this business
model is used to inform and educate customers about textile product sustainability. For
example, by using QR codes to provide information on eco-friendly production processes or
textile recycling.

< Marketplace-Based E-commerce Platforms: Marketplace for sellers: Creating an online
platform that allows other sellers to list and sell their textile products, earning a commission
from sales. Developing online sales platforms that integrate AR allows users to interact with
products more dynamically. For example, customers can view textile items against different
backgrounds or experiment with how different items match each other.

< Fashion Rental: Clothing rentals: Providing a platform for renting clothes (e.g., evening
dresses, event suits) for special occasions, offering a sustainable alternative to purchasing rare
items. Implementing an AR application allows customers to “try on” clothes virtually, giving
users the ability to see how the clothes would look on them using a phone camera or specialized
device.

< Branding and Influencer Marketing: Partnerships with influencers: Creating partnerships
with fashion influencers to promote textile items and increase brand awareness. An AR
campaign allows both influencers and customers to engage in an interactive game featuring
products from the collection, thereby creating new interactions and earning rewards or
discounts.

< Textile Design Consulting: Consultancy services: Offering consultancy services for other
textile companies in design, marketing, and production, supporting innovation and process
improvement. Using AR technology allows designers and producers to visualize textile items in
different environments and contexts before production. This can include simulating different
colors, textures, and styles on various types of garments.

Benefits of AR/VR in These Business Models

The use of AR/VR technology in the above business models allows customers to “try on” clothes
online or see how textile items would look in their environment, such as clothing on their own
bodies using the phone camera or a specialized device. Additionally, creating a catalog of textile
products using AR offers a more attractive presentation. Customers can scan QR codes to view
clothing items in 3D or activate product demonstrations. Applications like "Dressing Room" use
smartphone cameras to overlay different garments on the user’s body, providing a simulation
of how these clothes would look.
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AR can also allow designers and producers to visualize textile items in different environments
and contexts before production, including simulating colors, textures, and styles on different
articles and environments.

AR-integrated marketing campaigns create captivating experiences for customers. For example,
companies can launch interactive games or challenges using AR, involving their products and
offering attractive rewards to participants.

Using AR to train employees in retail stores helps them better understand the products and how
to interact with customers. It may also include customer support during the buying process,
providing useful information about the products.

Implementing AR solutions in physical stores allows customers to explore collections
interactively, obtain product information, and see how different textile item combinations
would look in real-time.

These AR-based business models transform how customers interact with textile products. By
using AR, companies can offer a more interactive, personalized, and well-informed shopping
experience.

This innovation not only increases customer satisfaction but also helps drive sales and build
brand loyalty in an increasingly competitive market. Implementing these technologies presents
an excellent opportunity for textile brands to differentiate themselves and meet the ever-
changing needs of consumers.

4.3. Case Studies of Successful Use of Augmented Reality

One of the first companies to integrate Augmented Reality (AR) into the market was
Yellowjacket, which launched an AR application in 1990 to assist in evaluating construction
costs.

However, a more well-known and recognized company for effectively using AR in marketing and
sales is IKEA, with its IKEA Place app, launched in 2017. This app allows users to place virtual
furniture in their homes, significantly impacting the shopping and product interaction
experience. The application was developed to work on iOS devices using ARKit, allowing users
to virtually integrate various products from IKEA’s catalog into their real environment. IKEA has
successfully used Augmented Reality to transform not only how customers interact with its
products but also to improve the entire shopping experience.

The IKEA Place app is more than just an example of technology use; it demonstrates that
innovations can lead to increased customer satisfaction, enhanced sales, and ultimately, a closer
relationship between brand and consumers. With the success of this campaign, IKEA has set high
standards for other companies across industries to follow, demonstrating how technology can
revolutionize traditional business practices.

Other well-known companies that have integrated AR technology into their business models
include:
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< Puma AR Experience: Puma created an AR campaign allowing users to interact with its
sports shoes through AR games and filters.

R

< Nike — AR for Personalization: Nike implemented AR in its stores, enabling customers to
virtually customize their shoes. Customers who design their shoes can instantly view the
changes, from colors to patterns, before placing an order. This experience improved customer
satisfaction and increased sales by encouraging consumers to experiment with the products.

< Adidas - "Create Your Own" App: Adidas developed an AR app that allows users to design
their personalized sneakers. Once the design is complete, consumers can order the product
based on their specifications. By integrating AR with 3D, Adidas engages customers in a creative
process that enhances brand connection.

<> Sephora Virtual Artist: This app allows users to “try on” cosmetic products virtually using
AR. It boosted interaction with the brand and facilitated purchase decisions.

R

< Zara - AR Project: Zara launched an AR feature in its stores, allowing customers to scan
certain areas to activate interactive video content related to available products. This provides a
captivating and contemporary shopping experience, drawing attention to items from the new
collection and enabling users to “try on” clothing virtually.

Various fashion brands have begun experimenting with 3D printing in combination with AR.
Customers can create unique textile designs, which can then be 3D printed. For example,
designer Anouk Wipprecht used 3D printing to create garments that activate and transform
based on the wearer’s health, demonstrating how AR and advanced technologies can merge to
offer innovative products.

Examples of Using AR and 3D Printing in Fashion

2

< Anouk Wipprecht - Smart and Interactive Design: Designer Anouk Wipprecht is known
for using advanced technologies in her clothing designs. Her creations include the “Spider” dress,
which uses 3D printing to create a rigid design and also integrates sensors and AR elements. This
dress adapts to the wearer’s mood and responds to the environment, offering an interactive
clothing experience. Through AR, users can visualize how the dress behaves under different
lighting and how it interacts with various colors and accessories.

R

< Iris van Herpen - Haute Couture and Technology: Iris van Herpen is a brand in high
fashion that combines 3D printing technology with traditional design elements. Her creations,
such as the dresses from the "A/W 2014-15" collection, incorporate intricate 3D prints and
complex structures. Each time a dress is worn, AR can be used to highlight design details, like
how lights reflect off the material or how the dress moves while worn.

< Fashion Forward - 3D Printing with AR in Retail: Some retail stores have started
implementing AR solutions that combine 3D printing with real-time customization options. For
example, a customer might use an AR app to model a desired garment based on their
preferences. Once the design is finalized, it can be sent directly to 3D printing, resulting in a
unique garment created exclusively for the customer. This process not only enhances the
shopping experience but also allows customers to own unique items tailored to their personal
preferences.
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< Moar — 3D Printing for Customized Accessories: The brand Moar offers fashion
accessories created through 3D printing, which can be customized using AR applications.
Customers can choose different models, colors, and sizes, then see how the products would look
with various outfits or in different environments through AR. This model encourages creativity
and personalization, significantly impacting consumer choices.

< “Fashion-on-Demand” Philosophy: An emerging trend is the “fashion-on-demand”
concept. Here, customers can use AR applications to explore and design clothing based on 3D
images in augmented reality. Once users finalize their designs, these are transformed into real
products through 3D printing. This not only minimizes waste but also allows for the creation of
unique designs tailored to each customer's specific requirements.

AR-based business models in the textile industry and associated applications, such as 3D
printing, significantly transform how consumers interact with products. These case studies
demonstrate AR’s potential to drive innovation in the textile industry, providing a substantial
competitive advantage in today’s commercial landscape. This approach not only addresses
current market needs but also opens new horizons for creativity and sustainability in fashion,
textiles, and the industry as a whole. Brands that adopt these technologies can differentiate
themselves in a competitive market, offering consumers unique and personalized experiences.

5.  Virtual/Digital Prototyping — Introduction, Glossary

Virtual prototypes, especially in the textile industry, have evolved significantly, driven by the
industry's growing interest and that of artisans. Here’s an overview of the main advancements
made:

< Advanced 3D Modeling: Designers use 3D modeling software to create digital
prototypes that provide a clear representation of the shape and appearance of textile products.

< Material Simulation: Simulation technologies allow testing of fabric and texture
behavior in virtual environments, saving time and resources before physical production.

< Intelligent Algorithms: Developed algorithms optimize the generation of knitting and
weaving patterns, reducing distortions and computational costs.

< Rapid Prototyping: 3D printing and rapid prototyping allow for creating physical samples
from digital models, facilitating the assessment of functionality and aesthetics.

< CAD and CAM Integration: Integrating CAD (Computer-Aided Design) and CAM
(Computer-Aided Manufacturing) software ensures a smooth transition from design to
production, enhancing work efficiency.

< Design Validation: Analysis tools evaluate product performance and validate design
choices before market launch.

< Real-Time Collaboration: Digital platforms enable high-tech collaboration between
designers and manufacturers, accelerating product development and communication.
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These advancements not only improve the efficiency of the design and production process but
also contribute to creating high-quality textile products adapted to market demands.

5.1. Specialized Software for the Textile Industry

Choosing specialized software (in the textile industry and beyond) is crucial, as it can contribute
to increased efficiency and cost reduction by automating repetitive tasks. It also allows for rapid
and precise prototyping, providing the opportunity to adjust designs quickly based on customer
feedback. Moreover, it facilitates better integration of workflows across various departments.

Types of Software:

< CAD Software: Allows the creation of detailed textile designs, cutting patterns, and sizes
(Examples: Gerber AccuMark, Lectra).

2

< CAM Software: Automates the cutting and production process, improving efficiency and
reducing error risks (Examples: Optitex, CADmax).

2

< Material Simulation Software: Helps visualize the physical behavior of materials under
various conditions (Examples: 3D Textile, Fabric Simulation Software).

2

< Project Management Software: Enables tracking and managing tasks, resources, and
time within the production process (Examples: Trello, Asana).

5.2. Virtual/Digital Prototyping for Garments in the Fashion Industry

Virtual/digital prototyping for garments in the fashion industry has become an essential
component of the design and product development process. This advanced technology
transforms how designers create, test, and present clothing items, offering a series of
advantages that improve efficiency and reduce costs associated with traditional prototyping.

One of the most important aspects of virtual prototyping is the ability to create detailed 3D
models of clothing items. Using specialized software like CLO 3D, Optitex, or Autodesk,
designers can develop precise digital representations of products that reflect not only
dimensions and fit but also the textures and colors of materials. This allows designers to visualize
garments from various angles and make quick adjustments based on feedback or creative vision.
Unlike physical prototypes, which can require considerable time and resources to create, digital
models can be generated rapidly, facilitating a more efficient, iterative design process.

Material Simulation plays a crucial role in virtual prototyping. This technology allows designers
to test how different types of fabrics behave in virtual conditions, providing them with a better
understanding of how materials perform when worn. Simulations can evaluate factors such as
drape, flexibility, and durability, helping designers make informed decisions about material
selection before moving into production.

Another significant benefit of virtual prototyping is the ability to collaborate efficiently with
other members of the design team. Digital platforms enable designers, technicians, and
manufacturers to work together in real time. This seamless collaboration is essential in the
fashion industry, where the rapid pace of product development requires constant
communication and synchronized tasks. Additionally, feedback from clients and stakeholders
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can be quickly integrated into the design process, ensuring that the final products meet market
needs.

Virtual prototyping offers not only efficiency but also economic benefits. The costs of physical
prototypes are often high, involving material purchase, labor, and time. By using virtual
prototypes, companies can significantly reduce these costs, as tests and adjustments can be
made without investing in physical production for each prototype. Furthermore, the time
required to bring a product from concept to market is considerably reduced, allowing brands to
respond more quickly to market demands and adapt to emerging trends.

In conclusion, virtual/digital prototyping for garments in the fashion industry represents a
crucial innovation that revolutionizes the design and production process. By creating detailed
3D models, simulating materials, facilitating collaboration, and reducing costs, this technology
provides designers with a powerful tool to realize their creative vision and deliver high-quality
products in a shorter timeframe. Technological innovations in this field continue to evolve,
promising to further transform the fashion industry in the future.

References

Akcayir, M. and Akcayir, G. (2016). Advantages and challenges associated with augmented
reality crossMark for education: A systematic review of the literature. Educational Research
Review, 20, 1-11.
https://pdfs.semanticscholar.org/d588/bfb109693795ad4d9e3d57fa3e13f649¢c903.pdf

Biischel, W., Lehmann, A., Dachselt, R. (2021).: MIRIA: a mixed reality toolkit for the in-situ
visualization and analysis of spatio-temporal interaction data. In: Proceedings of the 2021 CHI
Conference on Human Factors in Computing Systems. CHI 2021, Association for Computing
Machinery, New York, NY, USA

Chang, H. Y., Wu, H. K. and Hsu, Y. S. (2013). Integrating a mobile augmented reality activity to
contextualize student learning of a socioscientific issue. British Journal of Educational
Technology, 44(3), 95-99.

Chen, P., Liu, X., Cheng, W. and Huang, R. (2017). A review of using augmented reality in
education from 2011 to 2016. Innovations in Smart Learning. Lecture Notes in Educational
Technology.

Concannon, B. J., Esmail, S. and Roduta Roberts, M. (2019). Head-Mounted Display Virtual
Reality in Post-secondary Education and Skill Training. Frontiers in Education, 4(80).
doi:https://doi.org/10.3389/feduc.2019.00080.
https://www.frontiersin.org/articles/10.3389/feduc.2019.00080/full

Cordeil, M., et al. (2019).: IATK: an immersive analytics toolkit. In: 2019 IEEE Conference on
Virtual Reality and 3D User Interfaces (VR), pp. 200—209

Crandall, P. G., Engler, R. K., Beck, D. E., Killian, S. A., O'Bryan, C. A., Jarvis, N. and Clausen, E.
(2015). Development of an Augmented Reality Game to Teach Abstract Concepts in Food
Chemistry. Journal of Food Science Education, 14(1), 18-23.

Garzon, J. and Acevedo, J. (2019). Meta-analysis of the impact of Augmented Reality on students’
learning gains. Educational Research Review, 27, 244-260. doi:10.1016/j.edurev.2019.04.001.

Camara

. 71 TECHNISCHE
8 CAMIS spsmmvm canoroma & LOTTOZERO EEE‘QE[)'ESE}TKT



/?{ . R Co-funded by
- PN the European Union

Enabling Industry 4.0 Skills in Textile SMEs

Hedberg, H., Nouri, J., Hansen, P. and Rahmani, R. (2018). A systematic review of learning
through mobile augmented reality. Interactive mobile technologies, 12(3). https://online-
journals.org/index.php/i-jim/article/view/8404/5057

Jensen, L. and Konradsen, F. (2018). A review of the use of virtual reality head-mounted displays
in education and training. Education and Information Technologies, 23(4), 1515-1529.

Kavanagh, S., Luxton-Reilly, A., Wuensche, B. and Plimmer, B. (2017). A systematic review of
Virtual Reality in education. Themes in Science and Technology Education, 10(2), 85-119.
https://www.learntechlib.org/p/182115/

Kraus, M., et al. (2022): Immersive analytics with abstract 3D visualizations: a survey. In:
Computer Graphics Forum, vol. 41, pp. 201-229. Wiley Online Library

Merchant, Z.,, Goetz, E. T., Cifuentes, L., Keeney-Kennicutt, W. and Davis, T. J. (2014).
Effectiveness of virtual reality-based instruction on students' learning outcomes in K-12 and
higher  education: A  meta-analysis. Computers &  Education, 70, 29-40.
doi:10.1016/j.compedu.2013.07.033.

Milgram, P., Takemura, H., Utsumi , A. and Kishino, F. (1994). Augmented Reality: A class of
displays on the reality-virtuality continuum. Proceedings of Telemanipulator and Telepresence
Technologies, 2351-34.

O'Leary J., et al.(2024): Tandem: Reproducible Digital Fabrication Workflows as Multimodal
Programs, CHI '24: Proceedings of the 2024 CHI Conference on Human Factors in Computing
Systems, Article No.: 334, Pages 1 — 16, https://doi.org/10.1145/3613904.3642751

Papanastasiou, G., Drigas, A., Skianis, C., Lytras, M. and Papanastasiou, E. (2018). Virtual and
augmented reality effects on K-12, higher and tertiary education students’ twenty-first century
skills. Virtual Reality, 23(4), 425-436. d0i:10.1007/s10055-018-0363-2.

Radu, I. (2014). Augmented reality in education: a meta-review and cross-media analysis.
Personal and Ubiquitous Computing, 18(6), 1533-1543.
https://link.springer.com/article/10.1007/s00779-013-0747-y

Saltan, F. and Arslan, O. (2017). The use of augmented reality in formal education: A scoping
review. Eurasia Journal of Mathematics, Science & Technology Education, 13(2), 503-520.
doi:10.12973/eurasia.2017.00628a.

https://azure.microsoft.com/en-us/products/ai-services/ai-vision/
https://beyonddesign.typepad.com/posts/bim-360-docs/

https://cloud.google.com/vision/
https://developer.apple.com/arkit/
https://developer.apple.com/augmented-reality/arkit/

https://developer.microsoft.com/en-us/windows/mixed-reality/
https://developers.google.com/ar

https://docs.zap.works/designer/navigating-the-ui/
https://github.com/microsoft/MixedRealityToolkit-Unity
https://opencv.org/
https://thearea.org/why-ar-for-enterprise/area-glossary/?pg=2

https://www.autodesk.com/
https://www.autodesk.com/products/fusion-360/
https://www.blender.org/
https://www.clarifai.com/

Camara

0 TECHNISCHE
i INFINITIVITY s A
& CAMIS sy cancrona (| [KRYeFAIde] () Dniversirar


https://azure.microsoft.com/en-us/products/ai-services/ai-vision/
https://beyonddesign.typepad.com/posts/bim-360-docs/
https://cloud.google.com/vision/
https://developer.apple.com/arkit/
https://developer.apple.com/augmented-reality/arkit/
https://developer.microsoft.com/en-us/windows/mixed-reality/
https://developers.google.com/ar
https://docs.zap.works/designer/navigating-the-ui/
https://github.com/microsoft/MixedRealityToolkit-Unity
https://opencv.org/
https://thearea.org/why-ar-for-enterprise/area-glossary/?pg=2
https://www.autodesk.com/
https://www.autodesk.com/products/fusion-360/
https://www.blender.org/
https://www.clarifai.com/

1 Co-funded by
x . PO the European Union

Enabling Industry 4.0 Skills in Textile SMEs

https://www.khronos.org/openxr/
https://www.ptc.com/en/products/vuforia/vuforia-engine
https://www.sketchup.com/en
https://www.tinkercad.com/

https://www.zappar.com/

INFINITIVITY I TECHNISCHE
Cgmw i mr.[ a C CAMIS DESIGN LABS KAINOTOMIA L LOTTOZERO UNIVERSITAT

— DRESDEN



https://www.khronos.org/openxr/
https://www.ptc.com/en/products/vuforia/vuforia-engine
https://www.sketchup.com/en
https://www.tinkercad.com/
https://www.zappar.com/

