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Introduction / Motivation

Augmented Reality, a key technology for 21st century
Investment of over 4.1 billion dollars in 2019
Industrial Augmented Reality

Microsoft, Google, Apple and many more invested
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Introduction / Motivation

 lvan Sutherland, Sword of Democles (1968)
* Limited military and industrial research until 2000s
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Introduction / Motivation

« 2000s:
« Creation of ARToolkit, wide usage of marker tracking
« Adoption in media and entertainment fields
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Introduction / Motivation

2010s:

Mobile AR with smartphones

Wearable AR: Google Glass, HoloLens, Magic Leap
« ARKIit, ARCore: successors to ARToolKit
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Problem Description: Issues

Many technical challenges are solved today

Good processes and supporting tools are still needed
for effective and efficient solutions

Content creation, authoring is lacking

Used authoring software do not utilize augmented
reality features well enough

Limited research regarding authoring tools for AR and
best practices
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Goals of this Thesis

« Conduct a research about the essential concepts of
industrial augmented reality authoring

» Use this research to create an authoring tool which
enables content creators to effectively author anything
using augmented reality interaction techniques and
ideas.

* Develop the authoring tool so that it fits RE‘FLEKT's
needs, combined with the previous research
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Critical Research Issues

« What are the best practices for authoring in industrial
augmented reality?

* Do these practices align well with RE‘FLEKT ONE?

« What are the problem areas for authors when creating
content?

« Which tools are needed in the authoring tool

 How can we realize the multi-device usage in
authoring?

« Which AR interactions are best suited for authoring?

Batuker: Authoring Tool for Industrial Augmented Reality 8
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Existing Solutions / Related Work

* Dynamics365 Guides

» Vuforia Studio, Spatial Toolbox
* Reality Composer

« RapidManual, QuadriSpace

« Unity's MARS
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Existing Solutions / Related Work

* Dynamics365 Guides (Microsoft)
— For HoloLens
— Industrial Use Cases
— Two step authoring process: First on desktop, then on HoloLens
— High-level design

Step 6/6

Plug in wire-
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Existing Solutions / Related Work

« Vuforia Studio (PTC) and Spatial Toolbox

— loT (Internet of Things) focused authoring
— Low level, suited mostly for industry

— Web-based

— Lightweight, but complicated

view-1

ffffffffff

> X
eeeeeeeeeeeeeeeeee S iz B X
> ‘&'_ s (/] X
> 2] 3pm: < S) ypos @) X

X

Batuker: Authoring Tool for Industrial Augmented Reality 11



]4’.] Fachgebiet Augmented Reality Technische Universitat Minchen m

Existing Solutions / Related Work

« Reality Composer (Apple)
— Cross-device authoring between iOS and MacOS
— High-level design
— Suited for entertainment, commercial use
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Existing Solutions / Related Work

« RapidManual (Cortona3D)
— Originally a CAD authoring tool
— Used by RE‘FLEKT
— Low-level, detailed design

— Does not include AR
features
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Existing Solutions / Related Work

« MARS (Unity Technologies)

— Development will end in 2020

— Toolkit for Unity Editor, used for AR authoring
— Good use of AR elements and visualization

— Easy to utilize
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RE’FLEKT GmbH ;l:

 Industrial Augmented Reality Solutions RE'FLEKT

« RE’FLEKT ONE: All-in-one solution for industrial use
cases

* |ntegration into RE’'FLEKT ONE Pipeline

REFLEKT ONE AUTHORING PROCESS

AUTHORING PUBLISHING CLIENT

REFLEKT ONE PUBLICATION ENGINE

TECH DOC (XML) TOOLS (E.G.
DOCUFY)

VISUALIZE ON

e ‘ ] AUTHOR/RE-USE (YOUR) ANY MOBILE
X ‘ — CONTENT DEVICE OR
= SMART GLASS

PUBLISH IN AR
3D/CAD TOOLS
(E.G. CORTONA 3D)

3D (model-based) Tracking
2D (marker/markerless) Tracking
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Proposed Work / Approach

Extensive Research

— Industrial Augmented Reality

— Research on Authoring Methods and Implementations
— Contemporary Authoring Tools

— Augmented Reality Interaction Techniques, Key Points

Gather Feedback from UX Department

Collect all Data in a Mindmap, Establish Priorities
Create an Authoring Tool with Regards to Priorities
Test the Solution with an User Survey in the company
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Mindmap and Prioritization

context-related object

‘Addition of User-known Objects to give scale information Table

Camera Controls
add orthographic?

Manipulation Widgets
Translation
Highlighting when selection
Rotation Object Selection
Addiional Menu attached?

Scale
Object info (inspector)

o o o et Grid
Video Recordings
Template Scene
UndorRedo aD Viewer
Augmented Photos
Input
XML
N sy GAD Data (X3D)
LL FOUND IN AN A .
‘Magnet: Snapping objects to grid ————
Audo
Change between camera contols and object control
cick on surtace -» camera moves o that perspectve (20) Unity Package
XML
CutCopylPaste 77
Textoox- POI o
foxtoox-
- sy PLua Output s
Header Menu  Editor Ul
Openfile /import
QUbut shoul be compatible + rurlin ONE! Uiy Asost Bundiel
Export
Creats own men / get asset for abject brary
Most used objects in indsutry
3D Objects Library
Drag and Drop
Primitves
L Editor AR specific authoring
(Mock Version)? Authoring Tool for AR
Difcu tointegrate this maybo?
Sideshow view
Scenarios, steps
Adding texts, slements through pop-ups
look nto ONE for this
Distinguish between Cortona usage / new tool
Maintenance
Repair Preses for scenarios
Assarbly
inspection
Training
Tres visualization may ba done in Uity
‘Asset Found!
N psp—— End content should.
inataad of chidran  SconeGragh Hierarchical Structure/Diagram
Can ge this mformation from RapicManual, Scene Graph
dependent on sconario Seps

Animation sequences
Basic animation types
Animation Objects
Keyframe editor

look into how anim. are handied in ONE Animations

Lo reduction
Merge Assembly: Déete childrén that are not needed

‘Show/Hide Components/Tables

Videos and Images

Marker on Table
immerse usor to imitate roal environment

Background changos dynamically with
Camora anglo

Changing Camera Angles - *Preview" Animation can be spatal navigatin anm.
Augmented Photos as Input smoothanimation
Preset Background Show nextlocation and orientation

eye metaphor for orientation

Imitating Tablet Usage T Ve Dot
Tmitating HoloLens usage FoV, visual frustrum changes

2D Ul .converted to 3D Ul (HoloLens)

environmental light changes?
Realistic Occlusions

occlusion authoring

enable authorto give occlusion info to ar objec

“inter-steps"
between steps, relocation for user

Starting position indicator
Artows, tethers, pointers

Guide user to starting view

‘Spatial Audio - coming from a point in the environment

Recording() as Input

Preview in any device instantly - load to ONE or
placeholder app

Augmented Images => Get 3D pose from 2D image

Design for hands-free usage

Avold physically hard interaction: user moving backwards
POIs remain static, only turn to user
n useris focusing on object
can author define object behaviour?

Volumetric interface design
Feedback ombfEct colisions
encourage users to move around -> more immersive:
define scale, give impression of scale (on starting authoring?)
Feedback on object placement

For interaction with far objects: dotted line targets

Ul/Object interaction can change depending on user proximity

Batuker: Authoring Tool for Industrial Augmented Reality
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Implementation

 Editor

— Runtime Handles | 7 \ /
— Runtime Hierarchy e Objcts| R
— Standalone File Browser Da o s__lo
AR Features e m—
— Preset Backgrounds
— Bounds and Size Visualization
— Handheld Device Emulation
— HMD Emulation
— Augmented Photos

Batuker: Authoring Tool for Industrial Augmented Reality 18
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Evaluation / User Study

« 7 people participated from UX (User Experience) and
R&D (Research and Development) teams

 Online, one-to-one sessions due to coronavirus
« 20-30 minute walkthrough with screen sharing
* Questionnaire using Likert scale

* 3 Questions
— Features of Authoring Tool

— Authoring Tool Overall Evaluation
— Feedback and Thoughts
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Evaluation / User Study Results

Authoring Tool Features

Authoring Tool Features Not useful | Needs Improvement | Neutral | Useful | Very Useful | Average Score | Percentage
Importing Data 1 2 4 443 /5 88%
Object Selection 3 1 2 357 /5 72%
Object Manipulation 1 3 3 372/5 75%
Camera Controls 3 2 2 386 /5 77%
Adding Objects 1 1 5 443 /5 88%
Visualization Tools 4 3 443 /5 88%
Scenario and Step Integration 4 2 415/ 5 83%
Tablet View 2 2 3 415/5 83%
HMD View 1 1 2 3 4/5 80%
Augmented Photos 1 3 3 429 /5 86%
Autoring Tool General Rating
Authoring Tool General Rating | Very Unpromising | Unpromising | Neutral | Promising | Very Promising | Average Score | Percentage
Editor Functionality 2 1 4 429 /5 86%
Authoring Tool Features 1 2 4 443 /5 88%
User Interface 4 2 1 357 /5 72%
Usability 3 2 2 3.86 /5 77%
Pipeline Integration Potential 2 5 472 /5 94%
Batuker: Authoring Tool for Industrial Augmented Reality 20
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Discussion / Suggested Future Work

 RE'FLEKT

— Overall positive feedback
— Support for future integration into the pipeline

— Areas of improvement: Bugfixes, Output handling, Adding

animation support, step descriptions, extra features on the
mindmap

 Reseach Perspective

— Implementation of proven practices into the authoring tool
— Overall positive results indicate these methods are still relevant
— New authoring tools/frameworks are on the way
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Conclusion

« Two goals of the thesis achieved
— Research about finding the best way to author for AR
* By looking into existing solutions
» By looking into previous scientific articles
* Investigating surveys on industrial augmetned reality
— Implementing the findings into an application
» Using the research and AR author’s needs
« Creating a prototype as a starting point

 Trying out the proposed AR features within the authoring
tool

» Testing the outcome through an user survey, which showed
promising results
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