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Typical AR Experiences

Web based AR
O Flash, HTML 5 based AR
<+  Marketing, education
Outdoor Mobile AR
o GPS, compass tracking
% Viewing Points of Interest in real world
o Eg: Layar, Wikitude
Handheld AR
Qo Vision based tracking
<« Marketing, gaming
Location Based Experiences
O HMD, fixed screens

% Museum, point of sale, advertising



What You Need

» Smart Device
O AR Glasses
O Smart Phone (Android /iOS)
» Authoring Tools/SDK
O Natfive SDK
QO Unity/Unreal game engine
O Non programming tools
» Content

a 3D models, videos, images, sounds ...



AR Display Technology

» Past
- Bulky Head Mounted Display
» Current
- Handheld, lightweight head mounted display
» Future
- Wide FOV see through
- Refinal displays

- Contact lens




AR Display
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XR Prototyping Tools

» Low Fidelity (Concept, visual design)
Sketching
Photoshop
PowerPoint
Video

» High Fidelity (Interaction, experience design)
Interactive sketching
Desktop & on-device authoring
Immersive authoring & visual scripting

XR development toolkits



XR Prototyping Technigues

Easy
Sketching o
: Digital
Paper Prototyping Authoring
Wireframing Immersive
Lo- Bodystorming [ Authoring Hi-
l Web-Based Development *
Wizard of Oz [ Cross-Platform Development*
Videoiro’ro’ryping Native Development*

Hard
* Requires scripting and 3D programming skills



Digital Authoring Tools for AR

» Support visual authoring of marker-
based and/or marker-less AR apps

» Provide default markers and support
for custom markers

» Typically enable AR previews
through emulator but need to
deploy to AR device for testing



Digital Authoring Tools for AR

Lens Studio | B
- :' ==

>
>
» Zapworks Studio
>

Snap LensStudio

Vuforia Studio

Lens Studio




Immersive Authoring Tools for AR

» Enable visual authoring of 3D
content in AR

» Make it possible to edit while
previewing AR experience in the
environment

Apple Reality Composer
» Provide basic support for =
interactive behaviors .

» Sometimes support export to
WebXR

Adobe Aero



Adobe Aero

» Create AR on mobile
devices

» Touch based interaction
and authoring

» Only iOS support for now

https://www.adobe.com/nz/products/aero.ntml



https://www.adobe.com/nz/products/aero.html

Apple Reality Composer

» Rapidly create 3D scenes and AR experiences s wa . e

- Creation on device (iPhone, iPad)
- Drag and drop interface
- Loading 2D/3D content

- Simple interactivity — frigger/action = ‘ + :
» Anchor content in real world (AR view) - ?E:;?%,-m ?;;::?omm
- Planes (vertical, horizontal), faces, images T

Choose the object to tap



XR Tools Landscape

» Digital & Immersive Authoring: Good for storyboarding but limited support for interactions
» Proto.io, Tour Creator, ...
» Tilt Brush, Blocks, Quill, ...

» Web-Based Development: Good for basic XR apps but often interactions feel unfinished
» THREE.js, Babylon,s, ...
» A-Frame, ARs

» Cross-Platform Development: Good for full-fledged XR apps but usually high learning curve
» Unity + SDKs
» Unreal SDKs

» Native Development: Good for full-fledged XR apps but limited to a particular platform
» Cardboard/Oculus/Vive/ ... SDK
» Vuforia/ARCore/ARKit/... SDK



XR Toolkits

A-Frame

AR.js

SteamVR
MRTK

Vuforia

AR Foundation
XR Interaction

W WebXR & unity

)

UNREAL

EEEEEE

Cardboard

Oculus

VIVE

WebCam

ARCore

ARKit

HoloLens




WebXR: A-Frame

Sy =,

Based on Three.js and WebGL A-FRAME
New HTML ngg for 3D scenes T —— s C.ﬁfﬁ?ﬁéﬂfﬁi&?éﬁ?&d'”g

Make WebVR with HTML and Entity-Component
Hello WebVR Works on Vive, Rift, Daydream, GearVR, desktop

A-Frame Inspector(not editor)

Asset management( image, video,

Animation

audio & 3D models) ‘

Lights

vV v v Vv

Snowglobe

ECS architecture with many open- e

Super Says

source components oy 055%
A-Painter &

» Cross-platform XR s
Museum

v




AR.]s — WebXR Tracking

» Web based AR fracking library

> C @ o - 9ld = oo ERTRETETR s e
= Marker frqcking: ARToolkit markers bt o N e oz e s @ :

@ horus-t firebaseapp.com
= Image tracking: Natural feature tracking
= Location tracking: GPS and compass
» Key Features
«  Very fast: It runs efficiently even on phones
=  Web-based : It is a pure web solution, so no installation required.
= Full javascript based on three.js + A-Frame + jsartoolkits

= Open Source : It is completely open source and free of chargel!

= Standards : It works on any phone with webGL and webRTC

See https://ar-js-org.github.io/AR.js-Docs/



AR.]s Demo

» Image Tracking Example

https://ar-js-org.github.io/AR.js-Docs/#tutorials

frex-image-big.jpeqg (1984x1264) (raw.qgithubusercontent.com)



https://ar-js-org.github.io/AR.js-Docs/#tutorials
https://raw.githubusercontent.com/AR-js-org/AR.js/master/aframe/examples/image-tracking/nft/trex-image-big.jpeg

Started out as game engine

Has infegrated support for many types of
XR apps

Powerful scene editor
Asset management & store

Basically, all XR device vendors provide
Unity SDKs

Q unity Products Solutions Made with Unity Learning More

Unity Core Platform s;;

Unity's real-time 3D development platferm lets artists, designers.and developers

work together to create amazing immersive and interactive eXperiences.

(Available for Windows, Mac, and Linux.)




Vuforia

» Highly optimized computer vision tracking
» Multiple types of tfracking

= Image tracking, object tracking, model
tracking, area tracking, etc.

» Interaction features

Assembly

= Virtual buttons, occlusion, visual effects, o et

» Multi-platform
= Mobile AR, AR headsets

See https://www.vuforia.com/




AR Foundation

=5
e ~".~‘.

» A unified Framework for AR o BT
. MUITi—pIGTform AP| = Getting Stafted,,Wit%

- ARFoundation
= Includes core features from ARKit, ARCore, | e
Magic Leap, and HoloLens

Set of behaviours and API with following
features

Tracking, light estimation, occlusion, meshing ,
video pass-through, etc.

» Integrates with Unity MARS

See
https://unity.com/unity/features/arfoundation




Unity XR Interaction Toolkit(Preview package)

» Easy way to add interactivity to AR/VR Q unity

experience ¥
. L . XR Interaction
Object interactions

Ul interactions
Locomotion

» Enabling common interactions without writing
code

AR gesture, object placement, annotations

https://docs.unity3d.com/Packages/com.unity.xr.i
nteraction.toolkit@1.0/




Unity MARS

» Features
Visually author AR apps (WYSIWYG)
Test apps in Unity editor

Develop apps that can interact with real
world

Intelligent real-world recognition
» Multi-platform development

Based on ARFoundation

ARKit, ARCore, Magic Leap and Hololens
See unity.com/mars




Mixed Reality ToolKit (MRTK)

» Open-Source Mixed Reality ToolKit
Set of Unity modules/Unreal plugin
» Interaction Models MRTK
Controllers, gesture, gaze, voice, etc.
» UXelements

Foundational elements
Material, text, light, etc.

Controls and behaviours
Button, menu, slider, etc.

» Tutorials, documentation, guidelines
See https://github.com/microsoft/MixedRealityToolkit-Unity




Top SDKs for AR

» ARKit
hitps://developer.apple.com/documentation/arkit
» ARCore
hitps://developers.google.com/ar
» PTC Vuforia
https://www.ptc.com/en/products/augmented-reality/vuforia
» Witkitude
hitps://www.wikitude.com/
» Maxst (KOR)
hitps.//developer.maxst.com/2lang=en



https://developer.apple.com/documentation/arkit
https://developers.google.com/ar
https://www.ptc.com/en/products/augmented-reality/vuforia
https://www.wikitude.com/
https://developer.maxst.com/?lang=en

Top SDKs for AR

» DeepAR
hitps.//www.deepar.ai/
» EasyAR
hitps://www.easyar.com/
» Xzimg
hitps.//www.xzimg.com/
» Kudan
hitps.//www.kudan.io/

» ARToolKit
https://qithub.com/artoolkit/artoolkits



https://www.deepar.ai/
https://www.easyar.com/
https://www.xzimg.com/
https://www.kudan.io/
https://github.com/artoolkit/artoolkit5

ARKIt

Current ARKit 5 (2021)
Supported platforms: iOS 14/15 and above
Pricing: free/$99 USD annual developer program for distribution.

Key Features:

» Depth API
Scene Geometry
Instant AR

People Occlusion

Motion Capture

vV v v v Vv

Simultaneous front back camera



ARKIt

» Examples:
AirMeasure (2017)

/ \ ) 0 LD A 7 <53 S g BN p- 2 [ <
A ‘ \ y \ /7 N
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& ® © & = = S - v = _d =4

the AR Measuring ToolKit for iOS 11




ARKIt

» Examples:
Dance Reality (2017)

Dance Pre in.
Augmented Reality |
with #ARKit

dancerealityapp.com



» Examples




ARKIt

» Examples:

- Solarscene (2017)



» Examples:
Skyguid (2021)




RealityKit

» Current RealityKit 2 (2021)
» Key features:
» Object capture
Custom shaders
Custom systems

Dynamic assets

Character conftroller

vV v v v Vv

RealityKit



RealityKit

» Examples:




Reality Composer

» Reality Composeris a code-less AR scene editor. Its essentially like Powerpoint in AR;
you can import assets and animate them, trigger events with input, do basic image
recognition, etc. Its built on top of ARKit and possibly the other APIs mentioned here.

» hitps://developer.apple.com/documentation/realitykit/creating_3d_content_with_rea

lity_composer




Reality Composer

» Anchor Your Composition to Something in the Real World

® Untitled ® @ Untitled
Qv n & == i > t N
: = e _—_ 4 0| @~ [ Q] + 0T > a 3>
Scenes Frame Snap  Modify Objects Text Play Edit oniOS Behaviors Settings
Choose an Anchor
v Scene
!! .! Name Scene1
v Anchor
Horizontal Vertical
For tabletop and For anchored to a wall or
experiences vertical surface. Type

<
&>

Image

For experiences attached to images
in your environment, like a poster or a
book.

| S

Create with default content

by

Face

For augmenting faces using the front

facing camera

Cancel

S

8.

Horizontal Vertical
Collides
Material
gS

Concrete Ice

Gravity

&

Fact

Image

Lead

Plast

9.8m/s?



Reality Composer

» Add Content to Your Composition

Add objects

Q Search Import
[ N \ Untitled
0| 8- + [ T > @ 3» Baslc St " Download all
Scenes Frame Qnan Madifu 0O ste  Tavt Dlav. Fdit an iNQ Behaviors Senings orage l' Storage items
[Qbmrt h ] Import
- Activities ' A
Basic Shapes DOWNLOADED
Scene 1
= Activities Al’tS
\ Arts or
~
Food
Food
Furnishings ] Furnishings
S N " g
N Q& Q
' Nature ] " >
Places v i Vertical Image Fac Nature
. s l
e s Places -
| Storage
Symbols " Retail { -
\..” < =
Work o &
Storage L
—— s Ice Lead Plast A

N Concrete
\ Symbols

i 2
Gravity 9.8m/s =)

Work




Reality Composer

» Configure an object

L N ]
O

Scenes

N

©) v

Frame

Snap

Untitled
+ 1T
Objects Text

o
Play

o
Edit on iOS

v Configure

Name

¥ Look

Style

v Physics
Collides

Material

@

Concrete

Collision Shape

[}

Behaviors Settings

Iconic

Style the
selected item

Scenes  Frame

Choose framing

©), Frame Selected

Untitled

+1T

Snap  Modify Objects Text

Untitled
+ 1T
Objects  Text

Play  EditoniOS

v Configure

Name

¥ Look

Material

Behaviors Settings

Height

Depth

Bevel Radius

v Phueire

>4
Play

Edit on i0S

v Scene

Toggle the
settings pane

|  Choose a
material

Set
dimensions

Behaviors Settings

Add a
Name | MyGreatScene
name

¥ Anchor

Type

.

rizonta

Collides

Material

Gravity

Vertical

e Fac



Reality Composer

» Trigger Movement and Sound with Behaviours

Toggle the behaviors pane

® ® Untitled — Edited l i N . "
CRECE + 1T > @ ‘
Scenes Frame Snap  Modify Objects Text Play  Edit oniOS Behaviors Settings

N

=

Behaviors S

Ne Add Behavior

Choose a >§< Tap & Flip
behavior Flips object after tapping.

Behaviors P

No Behaviors
4< Tap & Play Sound

Play a sound from the object after
No Behavior Selected tapping.

€> Tap & Add Force

Adds impulse force after tapping.

@ Start Hidden

Add a behavior



Reality Composer

» Trigger Movement and Sound with Behaviours

Add actions
\
® [ ] Untitled — Edited
0 g +]T > @ ‘
Scenes Frame Snap Modify Objects Text Play Edit on iOS Behaviors Settings
N 1

=

Action Sequence -+ P —— Play the sequence
P4 : :
>p< Emphasize B Play one action
Behaviors ar Trigger Action Sequence + » Affected Objects Choose
@ Behavior g Tap »&¢ Emphasize [ 3
e Choose the 1 ObJeCt
Affected Objects Choose Affected Objects Choose object to
1 Object 1 Object emphasize
Duration 15 Duration 1s
| Configure -
Motion Type the action
Flip
Srile — Motion Type

Choose the object to tap



Reality Composer

» See Your Content in the Real World

Scenes

N

@~

Frame

Choose a nearby iOS device

Snap Modify

Edit on iOS

Untitled — Edited
+ AT > [

Objects Text Play Edit on iOS

0

Behaviors Settings

Select Device To Open "Untitled" On

Cancel



ARKIt vs RealityKit vs Reality Composer

» ARKitis a software SDK that essentially provides and processes sensor data necessary
for AR experiences to work.

» RealityKit is a higher level SDK that provides some game engine functionality for AR
apps (input, multiplayer, audio, etc)

» Reality Composeris a code-less AR scene editor. Its essentially like Powerpoint in AR;
you can import assets and animate them, trigger events with input, do basic image
recognition, etc. Its built on top of ARKit and possibly the other APIs mentioned here.



ARCore

» Supported platforms: Android 7.0 and Higher, iOS 11 or higher

» Pricing: free/$25 USD one-time registration fee.

» Examples:
Measure App,
Just a Line,
AR Stickers,
Molecatch,

STOC'( TOWGI’, Android Unity Unreal

Beer Pong.




PTC Vuforia

» Supported platforms: Android, 10S, UWP and Unity Editor
» Pricing: tier-based starting at $29/month.

» Examples:
- Ask Mercedes
- LEGO Nexo Knights

- Fujitsu

Vuforia Expert Capture

Learn why over halfa.million



Wikitude

» Supported platforms: Android, 1OS, Windows for tablets, smart glasses
(Epson Moverio, Vuzix M100, ODG R-7).

» Pricing: free + tier-based.

» Examples: AR apps powered by Wikitude

JACK DANIEL'S NISSAN LEAF MUMOK MUSEUM WALMART

Image Tracking Object Tracking Scene Tracking Instant Tracking

TUI

Geo AR Tracking




Maxst

» Supported platforms: Android, 10S, Windows, Mac OS, Unity
» Pricing: tier-based starting at $50/month.

» Examples:
Canada AR,
Volvo AR Stories,
AR Money



DeepAR

» Supported platforms: PC, Android, iOS, Windows, WebGL

» Pricing: Flexible plans — pay as you grow.




EasyAR

» Supported platforms: Android, 10S, UWP, Windows, Mac and Unity Editor
» Pricing: free.

» Examples: Apps powered by EasyAR

Y VOGLE




) Vilagle

» Supported platforms: Android, 10S, Windows

» Pricing: Free trial version for non-commercial use/2200 Euro for unlimited
number of apps.




Kudan

» Supported platforms: Android, 1OS, Unity.

» Pricing: free and commercial licences.



ARToolKIt

» Supported platforms: Android, i0S, Windows, Mac OS, Linux

» Pricing: Free

Note: ARToolKit5 available on github (ARToolKité owns by DAQRI)



Augmented Reality Tools Comparison

ARKit ARCore PTC Vuforia Wikilude Maxst DeepAR EasyAR Xzimg

Maximum distance capture, m 155 | 1.0/3 1.213.7 2.4/5 0.5/0.9 | 0.7/5 0927 051
Recognition stability of immovable marker 9 9 10 B T a 7 -
Recognition stability of movable marker [ i 6 6 2 T 3 3
Minimum angle recognition 30 50 30 10 S0 a5 a5 45
Minimum visibility for recognition overlapped marker, % 50 75 20 100 50 10 10 25
2D recognition + + + + + + + T
3D recognition + + + + + = = +
Geo-location + i - . - - = =
Cloud recognition + + + * — — - -
SLAM (Simultaneous Localization and Mapping) + + + + + = — -

Rating 75 7.7 .7 8 5.2 4.7 4.4 31
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M+AR (http://www.sightp.com/ )
HAEAR (https://ar.baidu.com/home#/)
AR (hitps://tar.ag.com/)

QQ-AR (hitps://ar.gg.com/#/ )

il HEE AR &

M Z AR (https://ar.163.com )

WARAR (https://arjd.com/ )

=R% (https://www.hiscene.com/ )



http://www.sightp.com/
https://ar.baidu.com/home#/
https://tar.qq.com/
https://ar.qq.com/#/
https://ar.163.com/
https://ar.jd.com/
https://www.hiscene.com/
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AR Foundation Requirement

» Developer
Unity Editor with iOS/Android Platform support
AR Foundation & ARCore / ARKit packages
Mac OS X (for iOS)
Android/iOS device for testing on device
» End User
Android 7.0 or Higher
IOS 11.0 or higher
IPhone X or newer for face tracking



Installation

» ARCore SDKs:

SDK Release Notes Download SDK GitHub repo
ARCore SDK for Android Android release notes arcore-android-sdk-1.24.08.zip arcore-android-sdk
ARCore SDK for i0S i0S release notes arcore-ios-sdk-1.24.8.zip arcore-ios-sdk
ARCore SDK for Unity Unity release notes arcore-unity-sdk- arcore-unity-sdk

1.24.0.unitypackage

ARCore Extensions for AR ARCore Extensions for AR Foundation arcore-unity-extensions- arcore-unity-
Foundation release notes 1.24.8.tgz extensions

ARCore SDK for Unreal Unreal release notes arcore-unreal-sdk-1.7.08.zip arcore-unreal-sdk



Installation

AndroidStudioProject % Application B src main =r 3 Application v c B L a

A R ‘ O re Android | % image gridxm| « [B) AndroidManifest.xmi

2 Application <?xml version= encoding= 7> Q | { Os5%® @ ©
v manifests <android.support.constraint.ConstraintLayout b1 R

A d 'd B AndroidManifest.xml xm{ns:
2 i i xmlns:

o n rOI k:”/\ndro,d.\’an,lesz.xm! ek E '
s :layout_width= . 8’00

i res :layout_height=
. . drawable :la it =
A : layout_editor_absoluteY=
O ndrO|d STUdIO > layout :layout_editor_absoluteX=

menu

main_menu.xml * <ImageView

> Du values 1id=
(5 Gradle Scripts :layout_width=
:layout_height=
contentDescription=
: layout_constraintBottom_toTopOf=
: layout_constraintEnd_toStart0f=
: layout_constraintHorizontal_bias=
:layout_constraintStart_toStartOf=
:layout_constraintTop_toTopOf=
:srcCompat= />

<ImageView
1id=
android.support.constraint. ConstraintLayout ImageView

Design Text

Google Pixel_XL v com.example.android.displayingbitmaps EndSession O ® ® Live bl

d

MEMORY
CPU at 2.32m
4%

NETWORK = Sending = Receiving




Installation

» ARKit

o Xcode

HOOLKREROPaBNOO - O




Installation

» Unity



Unity Inferface

» Toolbar, Scene, Hierarchy, Project, Inspector
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ustomizable Interface
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Building Scenes

» Use GameObjects:
Containers that hold different components
o Eg 3D model, texture, animation
» Use Inspector
View and edit object properties and other settings

» Use Scene View

Position objects, cameraq, lights, other GameObjects efc

» Scripfing

Adding inferaction, user input, events, etc



GameQObjects

H H H H o M n Camera [JStatic =
» Every objectin Scene is a GameObject w PP —
. . ¥ A Transform Q&
» GameObjects contain Components Position o Ty ]2[10
Rotation X0 Y 0 zo
Scale X1 Y1 2N
- Eg Transform Component, Camera Component = [—— e
Clear Flags | Skybox 3
Backgrourd N
Culling Mask | Bveryihing 3
. Projection | Perspectve b
f’i GCameObject [ ]Static « Field of View —O .
- Clipping Planes Near 0.3
Tag | Untagged ¢ | Layer| Default $J Far 1000
Viewport Rect X0 Y 0
¥ .~ Transform &, w1 H1
Position X[O Y0 20 ] Depth [
Rendering Path | Use Player Semtings s )
Rotation x {0 IY 0 z 0 ] Target Texture None (Render :'cxture) ©
Scale X1 ¥ (1 Z|1 ] Occlusion Culling
: HDR O
¥ & M GuiLayer =
v @ M Flare Layer W #

v () M Audio Listener Q=



Adding 3D Content

» Create 3D asset using modeling package, or download
Flox, Obj file format for 3D models

» Add file to Assets folder in Project

» When project opened 3D model added to Project View

» Drag mesh from Project View into Hierarchy or Scene View
Creates a game object

| Shaded || 20| [ % | Q) | & 17| | Gizmos ~| (arAll D ||| create < | @Al | Create ',i._iq DA S| x|
Main Camera ¥ Favorites Assets » Models »

Directional Light Qum Materials
©1 All Models

©) All Prefabs
@gAll Scripts

Vi Assets Materials
» & Common
» Gl Editor
&l Materials
"= Models
» & Plugins
» & Resources

A&
]

skeleton



Positioning/Scaling Objects

» Click on object and choose transform

Translate (W) Rotate (E) Scale (R)



AR Foundation
Overview




AR Foundation

Preview Version 1.5 — Unity 2018.4
Verified Version 2.1 — Unity 2019.3
Verified Version 3.0 — Unity 2020.1
Preview Version 4.2.0 — Unity 2020.3

v v v Y




Preview vs Verified packages

» Verified Package

The package has undergone rigorous testing and has been verified to work safely
with this specific version of Unity, and all other packages verified for the same
version.

» Preview Package

Preview packages have not yet been verified to be safe to use with the current
version of Unity, so you should only use them for testing and to provide feedback.

Some package are neither verified nor preview packages. In AR Foundation’s
case, this is because a package was verified in a newer version of Unity but is
compatible with earlier versions of Unity.



“Build once, deploy anywhere”

Your AR app

AR Foundation
com.unity.xr.arfoundation

ARKIt SDK ARCore SDK Lumin SDK wWindows 10 SDK

10S device Android device Magic Leap device HoloLens device




Feature Support Per Platform

ARCore ARKiIt Magic Leap HololLens

Device tracking " - - ~
Planmna tracking " -

Point clouds oy -

Anchors " -~ ~ "
Light estirmaticon " -

Enwvironrment probes " el

Face tracking " -~

2D Image tracking " -~ ~

3ID Object tracking -~

hMeshing - - ~+
2D & ID body tracking -~

Collaborative participants -

Human segrmentaticon -~

Raycast " - -

FPass-through video " ~

Session mMmanagerment " -~ - "
Ooclusion 'y -~



Supported Platform Packages

Package Name Version
ARCore XR Plug-in 4.2
ARKit XR Plug-in 4.2
ARKit Face Tracking 4.2
Magic Leap XR Plug-in 6.0

Windows XR Plug-in 5.0



Getting started

Downloaded the packages
Configure the platform setftings
Configure XR management
Modifying a scene to use AR
Adding AR features

>
>
>
>
>



Useful links

» AR Foundation Samples
https://github.com/Unity-Technologies/arfoundation-samples

» AR Foundation Demos
https://aithub.com/Unity-Technologies/arfoundation-demaos



https://github.com/Unity-Technologies/arfoundation-samples
https://github.com/Unity-Technologies/arfoundation-demos

