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Ecosystem Market Development Strategy @ End User
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Integrator

End User/ 
Operator

Address the needs
1. Maximum value solution
2. Global & regional support
3. Latest technologies 
4. Flexible & Scalable
5. Open, agnostic

Hardware Tech 
Consulting, Inventory

Local Laws & 
Regulations

Software 
Know-How

Systems & Services 
(Domain Focused)

Close to end user

Installation, Setup, 
Security and Repair

Added Services 
(Flexibility)

Application
(IT/ET/OT)

HW Devices, Software,
ISV’s Co-Creation 
SRP’s/Starter Kits

Value for end user



"I think there is a world market for maybe 5 computers“

Thomas J. Watson 1943 (CEO IBM)



Apollo Guidance Computer (AGC) 1969

2048 words could be temporary stored = 32768 bits of RAM
72 KB Read Only Memory (ROM)

Apollo 11 crew [NASA]

Apollo 11 flew to the moon with the 
computing power of a today's toaster



2022: Osprey with 433 Qubits [IBM]



Fact 1 is:

Change Has Never Been This Fast. 
It Will Never Be This Slow Again.



No one can think ahead to all scenarios.

But we can discuss the basis for being safely prepared 
for the future.

Fact 2 is:



And what about Industrial Automation in 
the future?

We have no idea! 

Or at least only a very vague one.
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What has an influence?

• There won´t be THE automation system due to various requirements

• Automation systems will change during operation

• Virtualization / Container Technologies (Docker, CRI-O, Kubernetes, runC…)

Automation 
system

IT-
Technology 

push

OT-
Requirements arising 
from the competition
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Required Hardware 
for Functional Safety 

Secure Data Exchange 
between different (3rd

party) applications
→ For RT and non-RT apps 

Expansion of classic automation
through Functional Safety

Apps coming the onboard 
App-Store 

Examples: CodeSys, Universal control, ROS, 
4DIAC,OpenPLC, Matlab, …

What can the architecture of a 
controller using virtualization 
look like?



What about RT and Stability 
in Virtualization?

• Test scenario including:
• Controller with RT Linux 

• Virtualized Runtime with EtherCAT Master

• One to five motion controllers 

• Measuring Cycle Time & Jitter 

• Measuring with different cycle times 

• Behavior when running additional applications in parallel 



What about RT and Stability 
in Virtualization - Results

1ms Jitter (uS) Cycle Time (uS)

#Axis Min Max Min Avg Max

0 117 120 13 29 61

1 135 128 32 58 106

2 130 130 32 67 125

3 119 126 36 69 137

4 249 269 39 66 114

5 187 261 40 67 146
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What about RT and Stability 
in Virtualization - Results

250 uS Jitter (uS) Cycle Time (uS)

#Axis Min Max Min Avg Max

5 137 136 37 46 128

10 ms Jitter (uS) Cycle Time (uS)

#Axis Min Max Min Avg Max

5 150 150 76 83 170

Conclusion: 

Motion application with Multi-Axis running 

stable in virtualized environments.



What about RT and Stability 
in Virtualization - Results

1ms Jitter (uS) Cycle Time (uS)

#Axis Min Max Min Avg Max

5 253 268 41 68 148

• Running second CodeSys Application in RT Context

• Running Nupano and Node Red without RT Context

1ms Jitter (uS) Cycle Time (uS)

#Axis Min Max Min Avg Max

5 270 270 40 68 161 • Running Nupano and Node Red without RT Context
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