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What is Augmented Reality?

"Augmented Reality (AR) refers to 
the integration of  digital 
information into a user's real-world 
environment in real time. AR 
technology overlays digital content 
onto the physical world, enhancing 
the user's perception of reality 
rather than replacing it."
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Distinction Between AR, VR and MR

What is Augmented Reality?

"Augmented Reality (AR) refers to 
the integration of  digital 
information into a user's real-world 
environment in real time. AR 
technology overlays digital content 
onto the physical world, enhancing 
the user's perception of reality 
rather than replacing it."

Virtual Reality
The user is fully immersed 

in a virtual environment.

Augmented Reality
Digital content is overlaid 

onto the real world.

Mixed Reality
Real and virtual objects can 

interact with each other.
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II. Applications of  
Augmented Reality (AR)
• Overview

• Smartphone/ Tablet

• AR Glasses

AR Glasses Smartphone/ Tablet

Virtual Reality
The user is fully immersed 

in a virtual environment.

Augmented Reality
Digital content is overlaid 

onto the real world.

Mixed Reality
Real and virtual objects can 

interact with each other.

How Can AR Be Used?
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How Can AR Be Used?

AR Glasses Smartphone/ Tablet

Basic Principle
• Content is displayed in the 

real environment through the 

camera of  a smartphone or 

tablet.

• The displayed information 

adapts to the user's 

movements in real time.
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How Can AR Be Used?

Smartphone/ Tablet

Basic Principle
• Content is displayed in the 

real environment through the 

camera of  a smartphone or 

tablet.

• The displayed information 

adapts to the user's 

movements in real time.AR Glasses

Advantages
• Can be used with existing devices, no dedicated AR 

hardware required.

• High availability due to the widespread use of 

smartphones and tablets worldwide.

• Easy deployment and use of AR applications.

Disadvantages
• Lower immersion than AR glasses, as content is only 

visible on the device's display.

• The quality of the AR application depends heavily on 

the device's camera and sensors.

• Accurate recognition of the real environment is 

technically challenging.
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How Can AR Be Used?

AR Glasses

Advantages
• Can be used with existing devices, no dedicated AR 

hardware required.

• High availability due to the widespread use of 

smartphones and tablets worldwide.

• Easy deployment and use of AR applications.

Disadvantages
• Lower immersion than AR glasses, as content is only 

visible on the device's display.

• The quality of the AR application depends heavily on 

the device's camera and sensors.

• Accurate recognition of the real environment is 

technically challenging.

Smartphone/ Tablet

Basic Principle
• Content is displayed in the 

real environment through the 

camera of  a smartphone or 

tablet.

• The displayed information 

adapts to the user's 

movements in real time.

Basic Principle
• Wearable devices that are 

worn like glasses.

• Virtual information is 

combined directly with the real 

environment within the user's 

field of  view.
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How Can AR Be Used?

AR Glasses

Grundprinzip
• Wearable devices that are 

worn like glasses.

• Virtual information is 

combined directly with the real 

environment within the user's 

field of  view.

Basic Principle
• Wearable devices that are 

worn like glasses.

• Virtual information is 

combined directly with the real 

environment within the user's 

field of  view.

Advantages
• Can be used with existing devices, no dedicated AR 

hardware required.

• High availability due to the widespread use of 

smartphones and tablets worldwide.

• Easy deployment and use of AR applications.

Disadvantages
• Lower immersion than AR glasses, as content is only 

visible on the device's display.

• The quality of the AR application depends heavily on 

the device's camera and sensors.

• Accurate recognition of the real environment is 

technically challenging.

Smartphone/ Tablet

Advantages
• Hands-free use enables greater freedom of 

movement.

• Content is always available within the user's field of 

view.

• Higher immersion than smartphones or tablets.

Disadvantages
• Limited battery life.

• High acquisition costs.

• Privacy and data protection concerns due to cameras 

and recording functions.

• Potential distraction while driving or performing other 

activities.
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How Can AR Be Used? 

AR Glasses

Advantages
• Hands-free use enables greater freedom of 

movement.

• Content is always available within the user's field of 

view.
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• Privacy and data protection concerns due to cameras 

and recording functions.
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How Can AR Be Used?

AR Glasses

What Do AR Glasses 
Look Like?

Advantages
• Hands-free use enables greater freedom of 

movement.

• Content is always available within the user's field of 

view.

• Higher immersion than smartphones or tablets.

Disadvantages
• Limited battery life.

• High acquisition costs.

• Privacy and data protection concerns due to cameras 

and recording functions.

• Potential distraction while driving or performing other 

activities.

How Can AR Be Used? III. Hardware Example 
• Overview

• Headset

• Battery Pack & Controller
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AR Glasses

Wie kann man sich 
so eine Brille 
vorstellen?

Magic Leap 2

What Do AR Glasses 
Look Like?

Headset
Lightweight Augmented Reality 

Headset

Battery pack
External Unit Providing 

Computing Power and Power 

Controller
Intuitive Control with Precise 

Tracking

III. Hardware Example 
• Overview

• Headset

• Battery Pack & Controller
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Headset
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Magic Leap 2

Headset
Lightweight Augmented Reality 

Headset

Display
• Optical See-Through AR 

Display

• Field of View: 75°H ×

70°

• Resolution: 1440 ×

1760 per eye120 Hz 

Refresh Rate

• sRGB Color 

Representation

• Dynamic Dimming for 

Improved Visibility in 

Bright Environments

Battery pack
External Unit Providing 

Computing Power and Power 

Controller
Intuitive Control with Precise 

Tracking

III.
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Magic Leap 2

Sensoren
• ToF Depth Sensor

• 3 World-Sensing 

Kameras

• 12 MP RGB Kamera

• Hand- & Eye-Tracking

• 6DoF Tracking

• IMUs & Lichtsensoren

Headset
Lightweight Augmented Reality 

Headset

III.
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Magic Leap 2

Audio
• HiFi 32 DSP Core

• 2 Integrated Speakers

• 4 Integrated 

Microphones

Battery pack
External Unit Providing 

Computing Power and Power 

Controller
Intuitive Control with Precise 

Tracking

Headset
Lightweight Augmented Reality 

Headset

III.
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Battery pack
External Unit Providing 

Computing Power and Power 

Controller
Intuitive Control with Precise 

Tracking

Battery Pack
• External Computing Unit

• AMD Ryzen + AMD Radeon GPU

• 16 GB RAM / 256 GB SSD

• WiFi 6 & Bluetooth 5.0

• Up to 3.5 Hours of Battery Life

Controller
• 6DoF Controller

• Optical Tracking

• Touchpad & Trigger

• 2 Cameras + IMU

• Up to 6 Hours of Battery Life

IV.Entwicklung
• Erstellung von 3D-Assets

• Optimierung von Assets

• Tracking & räumliche Erfassung

• Entwicklungsplattformen

IV. Development
• Creation of  3D Assets

• Asset Optimization

• Tracking & Spatial Mapping

• Development Platforms

Headset
Lightweight Augmented Reality 

Headset

• Creation of  3D Assets

• Asset Optimization

• Tracking & Spatial Mapping

• Development Platforms

IV. Development

III.
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Battery Pack
• Externe Recheneinheit

• AMD Ryzen + AMD Radeon GPU

• 16 GB RAM / 256 GB SSD

• WiFi 6 & Bluetooth 5.0

• Bis zu 3,5 h Akkulaufzeit

Controller
• 6DoF Controller

• Optisches Tracking

• Touchpad & Trigger

• 2 Kameras + IMU

• Bis zu 6 h Akkulaufzeit

Battery pack
External Unit Providing 

Computing Power and Power 

Controller
Intuitive Control with Precise 

Tracking

How Can 3D Assets Be Created?

3D Modeling
• Manual creation of a 3D 

model using software such as 

Blender or Maya.

AI-Based
• Automatic generation of  3D 

assets from text prompts or 

images.

Photogrammetry / 

Laser Scanning
• Digitization of  real-world 

objects using photographs or 

laser scans.

IV.

• Creation of  3D Assets

• Asset Optimization

• Tracking & Spatial Mapping

• Development Platforms

IV. Development
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How Can 3D Assets Be Created?

3D Modeling
• Manual creation of a 3D 

model using software such as 

Blender or Maya.

AI-Based
• Automatic generation of  3D 

assets from text prompts or 

images.

Photogrammetry / 

Laser Scanning
• Digitization of  real-world 

objects using photographs or 

laser scans.

Manual 3D Modeling
Basic Idea
Models are created manually by directly editing 

the geometry in 3D modeling software.

Advantages
• High level of 

control over 

shape and design

• Highly 

customizable

• Suitable for 

complex objects

Disadvantages
• Time consuming

• Requires 

specialized 

expertise

• Changes need to 

be made manually

• Creation of  3D Assets

• Asset Optimization

• Tracking & Spatial Mapping

• Development Platforms

IV. Development
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IV.Entwicklung
• Erstellung von 3D-Assets

• Optimierung von Assets

• Tracking & räumliche Erfassung

• Entwicklungsplattformen

Manual 3D Modeling
Basic Idea
Models are created manually by directly editing 

the geometry in 3D modeling software.

Advantages
• High level of 

control over 

shape and design

• Highly 

customizable

• Suitable for 

complex objects

Disadvantages
• Time consuming

• Requires 

specialized 

expertise

• Changes need to 

be made manually

3D Modeling
• Manual creation of a 3D 

model using software such as 

Blender or Maya.

AI-Based
• Automatic generation of  3D 

assets from text prompts or 

images.

Photogrammetry / 

Laser Scanning
• Digitization of  real-world 

objects using photographs or 

laser scans.

How Can 3D Assets Be Created?
IV.
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Basic Idea
Models are created manually by directly editing 

the geometry in 3D modeling software.

Advantages
• High level of 

control over 

shape and design

• Highly 

customizable

• Suitable for 

complex objects

Disadvantages
• Time consuming

• Requires 

specialized 

expertise

• Changes need to 

be made manually

Manual 3D Modeling
Basic Idea
Reconstruction of the position, shape, and size of 

real-world objects using photographs and laser 

scan data.

Creation of accurate digital 3D models and point 

clouds.

Advantages
• High accuracy

• Realistic models

• Contactless data 

acquisition

Disadvantages
• High cost, 

especially for laser 

scanning 

• Requires post 

processing

• High 

computational 

requirements

Photogrammetry / Laser ScanningIV.
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Photogrammetry / Laser Scanning
Basic Idea
Reconstruction of the position, shape, and size of 

real-world objects using photographs and laser 

scan data.

Creation of accurate digital 3D models and point 

clouds.

Advantages
• High accuracy

• Realistic models

• Contactless data 

acquisition

Disadvantages
• High cost, 

especially for laser 

scanning 

• Requires post 

processing

• High 

computational 

requirements

Manual 3D Modeling

Basic Idea
• AI automatically generates 3D models from 

text prompts or images.

• Generative AI models convert semantic inputs 

directly into 3D geometry.

Advantages
• Fast asset 

creation

• Minimal manual 

effort

Disadvantages
• Post processing 

required

• Output quality 

may vary

• High 

computational 

requirements

AI Based Generation

IV.
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AI Based Generation
Basic Idea
• AI automatically generates 3D models from 

text prompts or images.

• Generative AI models convert semantic inputs 

directly into 3D geometry.

Advantages
• Fast asset 

creation

• Minimal manual 

effort

Disadvantages
• Post processing 

required

• Output quality 

may vary

• High 

computational 

requirements

Photogrammetry / Laser Scanning

Basic Idea
Reconstruction of the position, shape, and size of 

real-world objects using photographs and laser 

scan data.

Creation of accurate digital 3D models and point 

clouds.

Advantages
• High accuracy

• Realistic models

• Contactless data 

acquisition

Disadvantages
• High cost, 

especially for laser 

scanning 

• Requires post 

processing

• High 

computational 

requirements

Basic Idea

• Improve performance and reduce memory 

usage.

• Simplify 3D models without significantly 

reducing visual quality.

Approach

• Reduce polygon count

• Remove non-visible geometry

• Merge models (fewer draw calls)

• Replace details with textures or normal maps

• Use Levels of Detail (LOD)

• Higher frame rate

• Lower memory usage

• Faster loading times

• Better performance on lower-end hardware

Results

Asset Optimization

IV.
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Asset OptimizationAI Based Generation
Basic Idea
• AI automatically generates 3D models from 

text prompts or images.

• Generative AI models convert semantic inputs 

directly into 3D geometry.

Advantages
• Fast asset 

creation

• Minimal manual 

effort

Disadvantages
• Post processing 

required

• Output quality 

may vary

• High 

computational 

requirements

Basic Idea

• Improve performance and reduce memory 

usage.

• Simplify 3D models without significantly 

reducing visual quality.

Approach

• Reduce polygon count

• Remove non-visible geometry

• Merge models (fewer draw calls)

• Replace details with textures or normal maps

• Use Levels of Detail (LOD)

• Higher frame rate

• Lower memory usage

• Faster loading times

• Better performance on lower-end hardware

Results

Sensor-Based 
GPS and Motion 

Sensors

Vision-Based 
Camera-Based 

Environment 

Recognition

Feature-Based
Tracking Using Image 

Features

Model-Based
Tracking Using Known 

3D Models

Hybrid
Combination of 

Multiple Tracking 

Methods

Tracking & Spatial Mapping

IV.
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Tracking & Spatial Mapping

Sensor-Based 
GPS and Motion 

Sensors

Vision-Based 
Camera-Based 

Environment 

Recognition

Feature-Based
Tracking Using Image 

Features

Model-Based
Tracking Using Known 

3D Models

Hybrid
Combination of 

Multiple Tracking 

Methods

Development Platforms

ARKit
IOS

ARCore 
Android/IOS

Vuforia 
Object Recognition

ARToolKit
Open Source

Wikitude
Smart Glasses

Tracking

Sensor Fusion

3D-Rendering

AR Application

Development Platforms

ARKit
IOS

ARCore 
Android/IOS

Vuforia 
Object Recognition

ARToolKit
Open Source

Wikitude
Smart Glasses

Tracking

Sensor Fusion

3D-Rendering

AR Application

Basic Idea

• Improve performance and reduce memory 

usage.

• Simplify 3D models without significantly 

reducing visual quality.

Approach

• Reduce polygon count

• Remove non-visible geometry

• Merge models (fewer draw calls)

• Replace details with textures or normal maps

• Use Levels of Detail (LOD)

• Higher frame rate

• Lower memory usage

• Faster loading times

• Better performance on lower-end hardware

Results

Asset Optimization
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Development Platforms

ARKit
IOS

ARCore 
Android/IOS

Vuforia 
Object Recognition

ARToolKit
Open Source

Wikitude
Smart Glasses

Tracking

Sensor Fusion

3D-Rendering

AR Application

Sensor-Based 
GPS and Motion 

Sensors

Vision-Based 
Camera-Based 

Environment 

Recognition

Feature-Based
Tracking Using Image 

Features

Model-Based
Tracking Using Known 

3D Models

Hybrid
Combination of 

Multiple Tracking 

Methods

Tracking & Spatial Mapping

V. Areas of  Application
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Areas of  Application

Gaming & Entertainment

• Augmenting real-world environments with virtual 

game content

• Example: Pokémon GO

Healthcare

• Support for medical treatments, 

surgery, and medical training

• Example: Vein visualization for 

injections

Education

•Interactive learning environments and visualization of 

complex concepts

•Increased learner engagement and understanding

Retail & Shopping

• Virtual try-on for clothing, furniture, and 

cosmetics

• Enhanced shopping experience

Industry & Construction

• Planning, maintenance, training, and 

visualization of construction projects

• Support for assembly and industrial 

workflows

Culture & Tourism

• Enhanced information in museums and at 

cultural landmarks

• Interactive exploration of  artifacts and historical 

sites

Development Platforms

ARKit
IOS

ARCore 
Android/IOS

Vuforia 
Object Recognition

ARToolKit
Open Source

Wikitude
Smart Glasses

Tracking

Sensor Fusion

3D-Rendering

AR Application

ARKit
IOS

ARCore 
Android/IOS

Vuforia 
Object Recognition

ARToolKit
Open Source

Wikitude
Smart Glasses

Tracking

Sensor Fusion

3D-Rendering

AR Application

Gaming & Entertainment

• Augmenting real-world environments with virtual 

game content

• Example: Pokémon GO

Healthcare

• Support for medical treatments, 

surgery, and medical training

• Example: Vein visualization for 

injections

Education

•Interactive learning environments and visualization of 

complex concepts

•Increased learner engagement and understanding

Retail & Shopping

• Virtual try-on for clothing, furniture, and 

cosmetics

• Enhanced shopping experience

Industry & Construction

• Planning, maintenance, training, and 

visualization of construction projects

• Support for assembly and industrial 

workflows

Culture & Tourism

• Enhanced information in museums and at 

cultural landmarks

• Interactive exploration of  artifacts and historical 

sites

V. Areas of  Application
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V. Areas of  Application
VI. Case Study: ARIZON

Areas of  Application
Gaming & Entertainment

• Augmenting real-world environments with virtual 

game content

• Example: Pokémon GO

Healthcare

• Support for medical treatments, 

surgery, and medical training

• Example: Vein visualization for 

injections

Education

•Interactive learning environments and visualization of 

complex concepts

•Increased learner engagement and understanding

Retail & Shopping

• Virtual try-on for clothing, furniture, and 

cosmetics

• Enhanced shopping experience

Industry & Construction

• Planning, maintenance, training, and 

visualization of construction projects

• Support for assembly and industrial 

workflows

Culture & Tourism

• Enhanced information in museums and at 

cultural landmarks

• Interactive exploration of  artifacts and historical 

sites

VI. Case Study: ARIZON
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VI. Case Study: ARIZON

Gaming & Entertainment

• Augmenting real-world environments with virtual 

game content

• Example: Pokémon GO

Healthcare

• Support for medical treatments, 

surgery, and medical training

• Example: Vein visualization for 

injections

Education

•Interactive learning environments and visualization of 

complex concepts

•Increased learner engagement and understanding

Retail & Shopping

• Virtual try-on for clothing, furniture, and 

cosmetics

• Enhanced shopping experience

Industry & Construction

• Planning, maintenance, training, and 

visualization of construction projects

• Support for assembly and industrial 

workflows

Culture & Tourism

• Enhanced information in museums and at 

cultural landmarks

• Interactive exploration of  artifacts and historical 

sites

Areas of  Application

Case Study: ARIZON – Augmented 
Reality für die Stadtentwicklung

Goal

• Development and testing of AR zones in city 

centers

• Increasing the attractiveness of city centers 

through digital content

Project

• Research project by the Westphalian University of 

Applied Sciences and mxr storytelling

• Piloted in the cities of Gelsenkirchen, 

Recklinghausen, and Bochum

Vision

• Connecting the physical urban environment with 

digital experiences

VI.
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Case Study: ARIZON – Augmented 
Reality für die Stadtentwicklung

Goal

• Development and testing of AR zones in city 

centers

• Increasing the attractiveness of city centers 

through digital content

Project

• Research project by the Westphalian University of  

Applied Sciences and mxr storytelling

• Piloted in the cities of Gelsenkirchen, 

Recklinghausen, and Bochum

Vision

• Connecting the physical urban environment with 

digital experiences

Content

• Historical Reconstructions

• 3D Models

• Audio and Video Content

• Navigation

• Gamification

Technologies

• Unity

• AR Foundation (ARCore / ARKit)

• 3D Modeling

• Magic Leap 2 & Meta Quest 3

Case Study: AR Application Development

VI. Case Study: ARIZON

VI. Case Study: ARIZON

VI.
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Case Study: AR Application Development
Content

• Historical Reconstructions

• 3D Models

• Audio and Video Content

• Navigation

• Gamification

Technologies

• Unity

• AR Foundation (ARCore)

• 3D Modeling

• Magic Leap 2 & Meta Quest 3

Content is more 

important than the 

technology itself.

AR must provide 

clear added value.

Local relevance 

increases user 

acceptance.

A good user 

experience 

determines success.

Case Study: ARIZON
Key Takeaways

Goal

• Development and testing of AR zones in city 

centers

• Increasing the attractiveness of city centers 

through digital content

Project

• Research project by the Westphalian University of 

Applied Sciences and mxr storytelling

• Piloted in the cities of Gelsenkirchen, 

Recklinghausen, and Bochum

Vision

• Connecting the physical urban environment with 

digital experiences

Case Study: ARIZON – Augmented 
Reality für die Stadtentwicklung

VI.
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Case Study: ARIZON
Key Takeaways

Content is more 

important than the 

technology itself.

AR must provide 

clear added value.

Local relevance 

increases user 

acceptance.

A good user 

experience 

determines success.

Case Study: AR Application Development

Content

• Historical Reconstructions

• 3D Models

• Audio and Video Content

• Navigation

• Gamification

Technologies

• Unity

• AR Foundation (ARCore / ARKit)

• 3D Modeling

• Magic Leap 2 & Meta Quest 3

VII. Future Developments

VI.
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VII. Future Developments

Case Study: ARIZON
Key Takeaways

Content is more 

important than the 

technology itself.

AR must provide 

clear added value.

Local relevance 

increases user 

acceptance.

A good user 

experience 

determines success.

Future Developments

• More Powerful Hardware – Smaller, lighter, and more 

energy-efficient AR glasses.

• AI Integration – Enhanced object recognition and 

personalized content.

• More Natural Interaction – More accurate hand, eye, and 

voice tracking.

• Growing Market – Projected growth from USD 11.5 billion 

(2024) to USD 370 billion (2034), while content creation 

and enterprise platforms remain key challenges.

VII.
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Future Developments
• More Powerful Hardware – Smaller, lighter, and more 

energy-efficient AR glasses.

• AI Integration – Enhanced object recognition and 

personalized content.

• More Natural Interaction – More accurate hand, eye, and 

voice tracking.

• Growing Market – Projected growth from USD 11.5 billion 

(2024) to USD 370 billion (2034), while content creation 

and enterprise platforms remain key challenges.

VII. Future Developments

VII.
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Any Questions?
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