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Typical Control Loop Example
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Commissioning

1) Place, connect sensor („plug“)
2) Set fieldbus address
3) Retrieve sensor type
4) Select device package, download
5) Enter configuration parameters
6) Get addresses to logic engineering
7) Map program variables
8) Compile and download control logic

Repeat for all devices (go to 1)
…

Production start („produce“)

60 – 90 minutes per device!



60 – 90 minutes per device!
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Commissioning

1) Place, connect sensor („plug“)

Production start („produce“)

60 – 90 minutes per device!Target: <10 sec per device!
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OPC UA: IEC 62541
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Laser Level Transmitter

Communication: HTTP, UA Binary, AMQP,  …

Platforms: Windows, Linux, VxWorks, …

Object-oriented Model: Static, dynamic, …

Services: Connect, Subscribe, Alarms, History, …

Features

OPC UA recommended by Plattform Industrie 4.0, enables path to the cloud.

Industrial Internet-of-Things Connectivity and Information Modeling
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IEC 62541-12

OPC UA Discovery
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Multiple ways to discover OPC UA Servers on field devices and controllers.

Local Global

[Source: OPC Foundation]



Plug & Produce
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IEC 62541-100

OPC UA for Devices
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NAMUR NE131
NAMUR NE107

Semantic References 
to IEC CDD / ecl@ss

Identification



Standard Device Parameters

NAMUR NE131 – Revision October 2017
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Only few configuration parameters required for Plug&Produce.

Retrieve from
engineering
repository
during PnP

~30 parameters
valid for any

sensor / 
actuator



Based on OPC UA for Devices

OPC UA Companion Standards
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Numerous OPC UA device models available or being prepared.

OPC UA for Robotics OPC UA for Analyzer Devices OPC UA for Sercos Devices
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IEC 61131-3

PLCopen Control Logic
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Signal Names
harmonized

between
control logic & 

field device
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IEC 62541-14 & IEEE 802.1Qbv, IEEE 802.1Qcc

OPC UA Pub-Sub & Time-sensitive Networking (TSN)
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ISO/OSI Layers Testbed SPS Drives 2017 Whitepaper from “Shaper Group”
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60 – 90 minutes per device!
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Commissioning

1) Place, connect sensor („plug“)

Production start („produce“)

<5 seconds for all devices!



OPC UA Client showing controller behavior

Reference Architecture Experimental Evaluation
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Level value (cm)

Valve setting (%)

Setpoint reached (133 cm)



Performance Measurements
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Max measured jitter: 104 microseconds

 Scenarios with 1 ms update rate 
can be analyzed reasonably

1 ms update rate

Publisher CPU idle time decrease with a 
higher number of encoded signals

800 signals / ms

1 ms update rate

Subscriber latency increases with higher 
number of encoded signals

600 signals / ms

Prototype able to handle high-speed closed loop scenarios using OPC UA Pub-Sub.

Raspberry Pi Jitter Publisher OPC UA Encoding Subscriber OPC UA Decoding



Formally specified using UML

Industrie 4.0 Reference Architecture for Plug & Produce
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More detailed specification available in separate paper.

Static View: Components & Connectors Dynamic Views: Discovery & Signal Matching
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H. Koziolek, A. Burger, J. Doppelhamer: 
„Self-commissioning Industrial IoT-Systems in Process 
Automation: a Reference Architecture”, In Proceedings of 
the IEEE International Conference on Software 
Architecture (ICSA 2018), pp. 87-97, May 2018



Industrie 4.0 Reference Architecture for Plug & Produce
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The road to Plug & Produce has just started!

More standardized device models Infrastructure for Plug & Produce More autonomy in the devices

Open Topics



Summary
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Challenge
Commissioning important cost factor

Solution
Plug & Produce across vendors

Implementation
 Reference architecture with PnP Service

and existing industry standards
 ABB currently working on OPC UA connectivity

for different types of devices

Implement the standards, create PnP Services, benefit from self-commissioning!




