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1. Introduction
Motivation

Problem statement
▪ Extended Reality (XR) is well-established in gaming, but not in 

industry

▪ Current offerings are often restricted to proprietary solutions and too 

diverse 

▪ Rapidly evolving technologies pose challenges for companies, 

especially SMEs:

▪ Lack of implementation expertise.

▪ Integration issues with existing systems.

▪ High costs and uncertain long-term support.

Technology potentials
▪ Immersive, connected, and autonomous industrial environment

▪ Control and monitor processes

▪ Increase HMI

Focus

Research 

gaps 

Industry-

specific 

needs

Research

use case

Targeted 

solutions
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1. Introduction
Terminology - what is Extended Reality

Image source: https://docs.microsoft.com/en-us/windows/mixed-reality/discover/mixed-reality

Physical space Virtual space

Augmented Reality (AR):
▪ Overlay holograms in 

the physical world
▪ No interaction

Smartphone

Mixed Reality (MR): 
▪ Overlay holograms in the 

physical world
▪ Interaction 

Microsoft HoloLens 2

Virtual Reality (VR): 
▪ Fully artificial digital 

environment 
▪ Interaction possible

Occulus Rift
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1. Introduction
Terminology - Cognitive Robotics and Industrial Metaverse

Cognitive Robotics: 
▪ Ability to operate in dynamic and unpredictable

environments 

▪ Autonomous control of interaction with the 

environment based on external information 

▪ Objective: To improve the performance and 

autonomy of robot and assembly systems.

Industrial Metaverse:
▪ Integration of physical and virtual worlds to

▪ optimize industrial processes and 

▪ develop new value creation potential 

▪ Core elements: Digital twins, data exchange, 

infrastructure and much more

Ecosystem 
Cognitive 
Robotics

Virtual space

Physical space

Increase availability

Alignment with 
reality.

Virtualization of physical 
components by e.g. sensor .

Intuitive 
interaction

Virtual 
commissioning

Applying virtually 
learned behavior
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1. Introduction
Methodology

Literature & 

market research

Expert interviews

Online survey

sources:

835

100

8

interviews

80

Responses
45 

complete
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Analysis of the research 

areas and research gaps

Investigating the existing 

market solutions

Foundation for the expert 

interviews

Validation of identified 

research gaps and fields of 

application

Identifying pain points, 

needs, challenges in XR 

implementation

Software offering(XR) Portfolio XR implementation Developments

Target group: Technology 

providers and users in 

manufacturing companies

Limitations

Derived from the research 

and the expert interviews

Requests that 

cannot be covered

Fields of 

development

Application requests

Industry-relevant 
research gaps

Derived recommendations 
for use cases

Identified 
limitations / challenges
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Product life cycle

Industrial Metaverse 

applications

2. Key Insights
Research – applications across the product life cycle

1. Product design

▪ Creating and testing virtual prototypes
▪ Quick adjustments are feasible
▪ enhanced team collaboration

2. Production planning

▪ Processes optimization with digital twins.

▪ Identifying bottlenecks via simulation

▪ Improving resource planning

3. Commissioning

▪ Reducing risks with virtual testing.

▪ Enhancing overall efficiency for 

Sim2Real transfer

4. Manufacturing

Real-time monitoring (IoT integration)

Ensuring quality and safety

Supporting smart automation

.

▪ .

▪ .

▪ .

5. Assembly

Virtual assembly instructions for 

enhanced interactivity and accuracy

Simplifying complex tasks

.

▪ .

.

▪ .

6. Logistics

Optimizing logistic processes through simulation

Improving supply chain with real-time data

Enabling precise/virtual inventory management

.

▪ .

▪

▪ .
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Content 
creation

Plug-and-
play 

architecture

Fields of research

2. Key Insights
Research – relevant use cases and fields of research

Virtual qualification and training: immersive training 
environments

Product design and prototyping: generation and 
testing of virtual prototypes 

(Remote) maintenance and monitoring: technicians 
can monitor & maintain remotely

Collaboration in a virtual environment

Digital Twins and Simulation of complex production 
processes 

Human-robot 
collaboration

3/4/2026 @ Fraunhofer IPA8



Public informationPage

Experience with XR technologies

—

2. Key Insights
Survey participants
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15

9

25

Number of participants 

User Provider Other

Job title
—

0 2 4 6 8 10 12 14 16

C-Level

Production management

Project management

Process/assembly planning

Administrator

Tteam leader

Other positions

Participants in the respective positions
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Company size

—

2. Key Insights
Survey participants
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0

2

4

6

8

10

12

< 50 50 - 249 250 - 999 1.000 -
10.000

> 10.000

Number of employes

Which industries survey participants belong to?
—

0 5 10 15 20 25

Manufacturing SME

Automotive

Chemical

Provider of automation components

University / research institution

Electrical manufacturing

Energy and environment

System integrators

Agriculture

Software provider / development

Aerospace

Mechanical and plant engineering

Metal industry

Other

Number of participants (multiple answers possible)
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2. Key Insights
Derived from the research and the conducted surveys

1
Obstacles and limitations

General obstacles regarding the 

implementation of XR projects. From 

planning to integration and application

2

3

Research and development needs

Standardized and cross-sector solutions are 

desired / needed

Advanced research and applications

to identify research gaps that are not yet 

covered 
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Number of responses in total: 53

25

18

18

38
27

28

20

14 ▪Hardware limitations of XR technologies

▪Data management and security

▪ Simulation of dynamic scenes

▪ Integration of the technology into 
everyday life / existing systems

▪ Scalability in the sense of easy 
odistribution and adaptation of content

▪ Standardization and 
interoperability

▪ Technological solutions to 
generate content / applications

▪ Realism / realistic simulations
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1

2

3

Research and development needs

Standardized and cross-sector solutions are 

desired / needed

Advanced research and applications

to identify research gaps that are not yet 

covered 
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Number of responses in total: 53

Behavioral models / 

predictive maintenance 

based on digital twins and 

real-time process data

Autonomous decision-

making in cognitive robots 

to control and adapt their 

behavior

Collaborative robotics in

distributed production for 

collaboration in shared virtual 

environments (HRC)

AI assistant for training, 

content creation and cross-

location collaboration 

Content Creation to 

reduce the 

implementation costs and 

complexity

Standardization and 

Interoperability to 

exchange data between 

proprietary systems and 

technologies

Integration platform for sales, 

marketing and engineering 

applications

3D interfaces to connect 

physical and virtual worlds

2. Key Insights
Derived from the research and the conducted surveys

Obstacles and limitations

General obstacles regarding the 

implementation of XR projects. From 

planning to integration and application
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1

2

3
Advanced research and applications

to identify research gaps that are not yet 

covered
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Number of responses in total: 53

Research and development needs

Standardized and cross-sector solutions are 

desired / needed

2. Key Insights
Derived from the research and the conducted surveys

Digital Twins certain 
aspects of robots

Training and
remote assistance

XR visualizations at 
shopfloor level

Metaverse software toolchains 
(e.g. Omniverse, Geminiware)

Planning tool for the production 
and commissioning of robots/cells

Digital checklists for 
assembly instructions

Platform or browser applications 
for collaborative design

Obstacles and limitations

General obstacles regarding the 

implementation of XR projects. From 

planning to integration and application
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3. Conclusion
Derived research and development gaps
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Standardization and interoperability: The need for open interfaces and standards between 
existing, proprietary platforms.

AI content creation in the industrial context: There is a lack of efficient methods for creating 
content for industrial applications, including CAD models, kinematic files, and environmental 
variables.

Integration of robotics technologies into the Metaverse: Solutions are needed to enable real-
time control of content (e.g. process data) in virtual worlds using sensor data. This is essential not 
only for improving human-robot interaction but also for effectively connecting both technologies. 

Plug-and-Play architectures: Companies require straightforward options for integrating existing 
production solutions into a new platform.
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3. Conclusion
Use Case 1 - Plug & Play Third-Party Add-Ons Methodology for XR platforms
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Modular 3rd Party Add-On

▪ Converting different models into a 

standardized asset for the target platform

▪ ROS-Code integration should be possible

AAS

▪ Download ready-made Asset Administration 

Shells (AAS) of robots and machines

▪ Integration of proprietary customer 

solutions

standard software solution 

for planning and design processes, 

maintenance and training applications, 

complex simulations 

▪ companies have the opportunity to integrate digital twins of robots / machines into development platforms without major development

effort 

▪ Not be dependent on which APIs the target platform or internal system offers
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3. Conclusion
Use Case 2 - Development of robot-based 3D asset generation
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AI generation of 3D assets and software code

▪ Automatically merge available sources such as CAD models and Digital Twins

▪ Generate ROS-Code via voice or text input to perform dynamic maintenance tasks

▪ Facilitating the creation of content in general

Digital 
TwinsCAD

AAS

Need for virtual representations of robots / 

machines / environments

ROS Code
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3. Conclusion
Use Case 3 – Combination of Use Case 1 and Use Case 2
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Digital 
Twins

CAD

AAS

ROS Code

standard software solution AI generated 3D asset
(Use Case 1)

▪ Use Use Case 2 to validate the modular Plug-And-Play Add-On methodology (Use Case 1) 

▪ Control robots based on AI generated ROS Code

▪ Integrate Digital Twins into virtual words to test and simulate their behavior in different environmental settings

Modular 3rd Party Add-On

(Use Case 2)
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