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Why we want to use GPT to control the automation system?

Motivation: Flexible manufacturing
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GPT4Automation

Result - Preview



New system:

• Customized production plan generated by GPT

• GPT provides the knowledge required to solve a production planning problem
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Motivation and the benefits

Let GPT control the production



SOTA research topic 4:

Industy 4.0 

Digital twins (AAS)

SOTA research topic 3:

Agent-system

SOTA research topic 2:

Semantic modelling

SOTA research topic 1:

Skill modelling

Challenge 4:

Overall: Flexible production

Challenge 3:

Execution of the actions

Challenge 2:

GPT must understand the system

Challenge 1:

Control interfaces
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How was it made?

Challenges State-of-the-art research topics

Technical challenges that have been tackled



• Semantic modelling

• [1], [2], [3], [4]

• Skill modelling

• [5],[6],[7],[8]

• Agent-system modelling

• [9],[10],[11],[12]

• Industy 4.0 Digital twins

(AAS)

• [13],[14]
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Literature Review

• Active in these research fields:

• Team of Univ.-Prof. Dr.-Ing. Alexander Fay

• Team of Prof. Dr.-Ing. Christian Diedrich

• Team of Prof. Dr.-Ing. Dr. h. c. Michael Weyrich

Semantic Modelling

[1] [2][ 3]

[4]

Skill Modelling

[5] [6]

[7][8]

Agent-…

[9][10]

[11]

[12]

Research Areas
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• Agent-system modelling

• Autonomous decision making

• Expose the control interfaces

• Skills modelling

• Control interfaces as skills

• Semantic modelling

• Interfaces is semantically annotated

• Let GPT understand the production

• Flexible production in context of I4.0

• New research direction
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GPT for industrial automation system

Based on this foundation

How skills looks like How semantics in skill model

looks like



3 important aspects

• Agent-System

• Skill Modelling

• Semantic modelling



• Control service interfaces:

• Skills: (for general planning)

• Functionalities: (for detailed planning)
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Automation modules is modeled as agents

Agent-system

ERP

Automation 

Modules

Sensors /

Actuators

+

Services Services Services

Skill 1: Transport workpiece

Skill 2: Leave production area

...

GPT  enhanced

Skill 1: Print a pattern

Skill 2: Coat a workpiece

…

F1: controlConveyor( id=1, start,...)

F2: controlStopper(id=2 , start, print..)

F3: controlConveyor(id=1, stop,...)

....

F7: controlJunction(close)

…

F1: Move_dock()

F2: load()

F3: unload()

F4: dock()

F5: Undock()

…

[12]

GPT Agent System



3 important aspects

• Agent-System

• Skill Modelling

• Semantic modelling



• PLC2Skill [8] 

• Model the skills based on the existing PLC-Code (IEC 61131-10)

• IAS Skill [5] 

• Function orchestration

• Modeled using state-machine with IEC 61499

• Hierarchical control Architecture [5] 

• Multi-layered control, may use IEC 61499

• Service-oriented Architecture (SOA) [7][5] 

• Skills can be modeled with OPC UA

or REST API as service
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On Skill Modeling

Related works

Integrated Assembly 

Solutions (IAS) Skill

Hierarchical 

control

PLC2SKill
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From the aspect of IT&OT

Designed Skill Modelling Architecture

OTITIT

GPT-skills

Orchestration

Functionalities/Atomic 
Skills

Atomic Functionalities

Atomic Functionalities

Functionalities/Atomic 
Skills Atomic Functionalities

• Hierarchical control Approach using SOA

The task: Inspect and 

paint the workpiece
controlStopper (id=1,state= 

“down” , param = “fault”)

Opcua-client.get_node('ns=3;s="xW1_MB50“’)
Opcua-client.get_node('ns=3;s="xW1_BG21“’)
…..



3 important aspects

• Agent-System

• Skill modelling

• Semantic modelling



• Ontology Design Pattern [1][6][7] 

• Designed for PLC2skill, also can be 

used with other skill frameworks

• AAS IEC 63278-1 [2][3] 

• Metamodelling techniques

• Asset Interface Description

                                              

           
University of Stuttgart, IAS 15

On Semantic Modelling

Related Works

PLCOpen XML

• Semantic modelling with [4] 

AutomationML

• Semantics comes from AuotmationML

• PLC Code information

• Function Block information

• Asset Structure Information

Ontology 

Descriptions 

e.g.: PLC2Skill (uses IEC 61131-10)

• Function Block information

• Concept definition
AAS 

submodel 

template



System Design
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GPT4Automation control workflow

• Implemented with Baysx middleware

• OPC UA interface used for I/O in production module

• Socket connection for transport robot

JSON-LD
(Linked Data)

Skill

models

RESTful-Interfaces

1

1..n1..n

Execute 

the plan

Approve or modify the plan

Actions in 

reality

User 

approve

? 

User

Approve

Production

plan

Semantic 

models
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Prompting & interaction with GPT

How does the prompting works?
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Information integration into the prompt

Asset interface Description in JSON-LD

GPT-Prompt

AAS Submodel
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GPT4Automation

Result



Summary:

• Successfully use GPT to generate workplan for production service

• Address the flexible manufacturing problem in autonomous system

Outlook:

• More evaluation on GPT and the System Reliability

• Add more automation components and more complicated skills

• More complicated coordination of the operations
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Conclusion and Outlook
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System Architecture
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Communication & information exchange point of view

Current System Overview

RSc 7 RSc 8 RSc 9 RSc 10

Master Robotino Slave Robotino

Transport Robots (AGV)

Rsc. 2      Rsc. 3        Rsc. 4      Rsc. 5       Rsc. 6
Rsc. 1

CP Storage

32 pallets

CP Branch 2 to 6

CP Station Modules
TCP Port 2000

Core Festo MPS

Robotino API2(C/C++)

MESv4FleetManager 129.69.102.129:2000(query)/2001(cyclic )(state info)

129.69.102.129:13000(command server)

129.69.102.240

ASRS Station

129.69.102.131129.69.102.13x  ,129.69.102.14x,  129.69.102.172

129.69.102.24x

MES 

client 1

MES Mode -->(automatic)

                                                 TCP/IP
TCP/IP

TCP/IP

TCP/IP

MES 

client 2
TCP/IP

FestoFleetcom

129.69.102.129:2000 (query)
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GPT4Automation control workflow

• Implemented with Baysx middleware

• OPC UA interface used for I/O in production module

• Socket connection for transport robot

JSON-LD
(Linked Data)

Skill

models

RESTful-Interfaces

1

1..n1..n

User

Execute 

the plan

Approve or modify the plan

Actions in 

reality

User 

approve

? 

User

Approve

Define a problem
Production

plan

Semantic 

models



• CPS to modularized I4.0 component using AAS and communicate by I4.0 standards

• I4.0 component & I4.0 language (proactive AAS)

• AAS -DIN EN IEC 63278-1
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Industry 4.0 (I4.0)

• Decentralised control and decision making

• Interoperability
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Communication PoV

Sequence Diagram
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Proactive AAS

Industry 4.0

[14]
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Skill Modelling

BaSyx Device integration - Eclipsepedia

https://wiki.eclipse.org/BaSyx_Device_integration
https://wiki.eclipse.org/BaSyx_Device_integration
https://wiki.eclipse.org/BaSyx_Device_integration
https://wiki.eclipse.org/BaSyx_Device_integration
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Asset Interface Description 

Semantic Modelling

[3]
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Agenda

Goal: Flexible automation
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