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Something is rotten in 
the state of automation!

Source: Last Action Hero, Columbia Pictures





Still the same programming model!

Industry 3.0 control software!
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Problem: Software Development Effort

„... increases the software-engineering portion of the overall Manufacturing 
costs of a machine: Starting from currently 50% share for electronics and 
software the share will rise in 2020 up to 80%.“ 

 translated from IEE 01-2006

„We have so far mastered most topics and could save up to 70% of the 
engineering effort. What makes us still problems is the software effort.”

translated from SPS Magazin 08-2012
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IEC 61499
Domain-specific Modeling Language for Distributed 
Industrial Process Measurement and Control Systems



Source: 9Gag
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Comparing IEC 61131-3 and IEC 61499 with Code Metrics

Sequential process Continuous process

P. Gsellmann, M. Melik-Merkumians and G. Schitter, "Comparison of Code Measures of IEC 61131–3 and 61499 Standards for Typical Automation 
Applications," 2018 IEEE 23rd International Conference on Emerging Technologies and Factory Automation (ETFA), Turin, 2018, pp. 1047-1050.



Stronger Encapsulation!
Events!

Source: The Big Bang Theory, CBS



We don’t do that here!

Events in PLC Programs?

Source: Avengers: Infinity War, Walt Disney Studios Motion Pictures



Oh Really?
Source: Willy Wonka & the Chocolate Factory, Paramount Pictures



What if I told you ...

… PLC programs are full of events?
Source: The Matrix, Warner Bros.
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Events in PLC Programming

Variables:
 Init
 Start
 Stop
 Done
 Error
 Send
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Source: NASA/ESA

What is the Origin of Events in IEC 61499?
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IEC 61499 Event Origin:
Synchronize Distributed SFCs

R. Schoop, A. Strelzoff Asynchronous and synchronous approaches for programming distributed control systems based on standards, Control Engineering Practice, Vol. 4, I. 6, 1996.
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Core Element: Event-driven Function Block

⬛ Function Blocks extended with event interface
⬛ Pure event-driven execution model
⬛ Data types based on 

IEC 61131-3
⬛ Focus on encapsulation and reuse
⬛ No global or directly addressed variables
⬛ Hardware access with special function block type:

Service Interface Function Block

FB Type Name

Event-Interface

Data-Interface

Event Execution 
Control

Encapsulated
Functionality
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FB Type Name

Event Execution 
Control

Encapsulated
Functionality

General Function Block Execution Behavior

1. Input event gets delivered

2. Associated input data is sampled

3. Event execution control is notified

4. Depending on the type and execution control internal 
functionality is triggered for execution

5. Internal functionality finishes execution and provides 
new output data

6. Output event is ready for sending, associated output 
data is updated

7. Output event is sent

8. Step 4 to 7 may repeat several times

1

2

3

4

6

7

5
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Basic Function Block

Execution
Control Chart

FB Type Name

Internal variables

Algorithms
(IEC 61131-3)

Execution Control Chart

State2 Alg2

Alg3 EO2

EI2[V1=5]

[V1>5]

EI1

1

STARTSTART

Alg1 EO1State1
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Application, System, and Distribution Model

Application
Model FB 4FB 1 FB 3

FB 2

FB 5

System Model:
• Devices
• Process/Machine
• Communications

Infrastructure

Device 1 Device 2 Device 3 Device 4 Device 5

Controlled Process/Machine

Application 1
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Core Element: Event-driven Function Block

⬛ Function Blocks extended with event interface
⬛ Pure event-driven execution model
⬛ Data types based on 

IEC 61131-3
⬛ Focus on encapsulation and reuse
⬛ No global or directly addressed variables
⬛ Hardware access with special function block type:

Service Interface Function Block

FB Type Name

Event-Interface

Data-Interface

Event Execution 
Control

Encapsulated
Functionality
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Device

Device Model

⬛ Device:
Container for Resources

⬛ Provides 
⬜ Network interface
⬜ Process interface

RES 1 RES 2 RES y

Process Interface

Network Interface
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Scheduling Function

Resource Model

⬛ Resource executes 
Function Blocks 

⬛ Resource provides 
access to
⬜ Communication 
⬜ Process  
for Service Interface 
Function Blocks

Network Interface

Process Interface

FB A

FB B FB E

FB C

Process Interaction

Communications Interaction 

FB D
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PUBLISH_m

INIT
REQ

QI
PARAMS
SD_1

SD_m

CNF
INITO

QO
STATUS

SUBSCRIBE_n

INIT
RSP

QI
PARAMS

IND
INITO

QO
STATUS

RD_1

RD_n

SERVER_n_m

INIT
RSP

QI
PARAMS

IND
INITO

QO
STATUS

RD_1

RD_m

SD_1

SD_n

IEC 61499 Communication Patterns

Unidirectional Communication Bidirectional Communication

CLIENT_m_n

INIT
REQ

QI
PARAMS
SD_1

SD_m

CNF
INITO

QO
STATUS

RD_1

RD_n
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Application, System, and Distribution Model

Application
Model FB 4FB 1 FB 3

FB 2

FB 5

System Model:
• Devices
• Process/Machine
• Communications

Infrastructure

Device 1 Device 2 Device 3 Device 4 Device 5

Controlled Process/Machine

Application 1
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Device 2

RES 1

Process Interface

Network Interface

Application
Model FB 4FB 1 FB 3

FB 2

FB 5

Handling Communication for Distributed Applications

Device 1

RES 1

Process Interface

Network Interface

FB 2PUB SUBFB 1SUB
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Scheduling Function

Resource Model

⬛ Resource executes 
Function Blocks 

⬛ Resource provides 
access to
⬜ Communication 
⬜ Process  
for Service Interface 
Function Blocks

Network Interface

Process Interface

FB A

FB B FB E

FB C

Process Interaction

Communications Interaction 

FB D
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Process Interface:
Where Events Meet the Scanned World

PLC Backplane Fixed IO Special Purpose

Fieldbus

W. Eisenmenger, J. Meßmer, M. Wenger and A. Zoitl, "Increasing control application reusability through generic device configuration model," 22nd IEEE International Conference on Emerging 
Technologies and Factory Automation (ETFA), Limassol, Cyprus, 2017
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Generic Process Interface

J. Meßmer, "Handling a modular IO System in embedded IEC 61499 controllers“, BA Thesis, TU München, Mar 2017
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Research Topic: 
Automatically Derive Events from Process Values

Fierz, H. (1999). The CIP Method: Component- and Model-Based Construction of Embedded Systems. In: Nierstrasz, O., Lemoine, M. (eds) Software Engineering — ESEC/FSE ’99. ESEC 
SIGSOFT FSE 1999 1999. Lecture Notes in Computer Science, vol 1687. Springer, Berlin, Heidelberg. https://doi.org/10.1007/3-540-48166-4_23







@rovinach
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Challenge:
Languages Like IEC 61499 Require Highly Sophisticated Tools
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Thank you!

IEC 61499, a system so fine,
Controls processes, bringing efficiency in line.
A network built of functions divine,
It offers us control, we need it all the time.
Networks of functions, a beautiful view,
Flowing together, with seamless control too.
They interact, to bring forth what is true,
And with IEC 61499, everything comes through.
In factories and plants, near and far,
Its presence is felt, a shining star.
Safe and reliable, never any lag,
It's the backbone of our era, a timeless piece of art.
Real-time control, is what we desire,
With IEC 61499, our dreams won't tire.
Functions always up-to-date, forever anew,
In a world that's constantly changing fast, that's true.
So let us celebrate, IEC 61499 so pure,
Our system that helps us, the future secure.
With efficiency, control and bravery in tow,
Together, let us reach our goal, in real-time, and grow.

ChatGPT in the style of Goethe, instructed by Bianca Wiesmayr, 2023
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