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CPPS Concepts in Research and Reality 

Introduction
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Weld()
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Human-machine 

collaboration concepts
Modular hierarchical and 

fractal design

Reinforcement learning for 

decentralized optimization

Generative AI for 

dynamic plant 

reconfiguration 

Machine learning for 

equipment self-X

AppApp App

Edge Appliance

AppApp App

AppApp

Assemble()

Fasten()

CPPS Concepts in Research and Reality 

Introduction

Semantical digital twin 

for equipment & products 

Weld?

Flexible cloud-edge 

equipment app deployment

Flexible cloud-edge-

equipment app deployment

Skill-based cyber-

physical collaboration

Skill-based collaborative 

production value network

NEAR FUTURE
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Cyber-physical Production Units

Assemble

Skill Interface

Behaviours
Approach

Open

Pick DepartMove

Transport

Skill Interface

Behaviors

Move PlaceMove

Tend

Skill Interface

Behaviors

MovePick

Transport

Skill Interface

Behaviors
Unlock

Move

Lock IndexInit

Mill

Skill Interface

Behaviours

Production Skills

Transportation Skills

Collaboration Skills

Required in product BOP, called by orchestrator

(decentral/central)

Never in BOP, called by orchestrator

(decentral/central)

Never in BOP, called between equipment
(e.g., CNC asks robot to rotate the product calling its Tend skill)

Product Bill of Process (BOP):

1. Mill type(hole) diameter(0.8) length(2.2) position(…)

2. Mill type(hole) diameter(0.3) length(6) position(…)

3. Assemble part(“Lid23”) product(this) position(…)

4. …

Cyber-physical port

1

1

2

2

34 56

3
5
6 4 3 5

Product steers its own 

production

Self-organizing autonomous  

production units

Plug & Produce with Zero 

Engineering
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Classic Production

Plant Level

Production Lines

Production 

Machines 

“Shopfloor”

Engineering

▪ PLM: CAD, BOM, BOP

▪ MOM: engineering of order/operation 

sequences, production planning & scheduling

▪ Manual producibility check

▪ Engineering of line coordination sequences

▪ PLC programming (TIA Portal)

(FB, SCL, SFC, STL)

▪ Robot movements teaching

Runtime

PLC PLC

OPC UA

S7

MOM

Line 1 Line 2

PLC PLC

LCS LCS

PC PC

NX / Teamcenter
BOM/BOP

PC

Central control & scheduling

30-60% of total costs!
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Cyber-Physical Production

Plant Level

Production Lines

Production 

Machines 

“Shopfloor”

Engineering

▪ PLM: CAD, BOM, BOP

▪ MOM: automated producibility check

▪ No production workflow engineering

▪ No production workflow engineering

▪ Skill IDE: skill definitions, workflows for 

behaviors

▪ PLC programming (TIA Portal)

(FB, SCL, SFC, STL) of behaviors

▪ No robot movement teaching

Runtime

PLC PLC

Line 1 Line 2

PLC

Skill RT

Docker

PCheck Produce SCADA

Skill RT

Docker

PCheck Produce SCADA

Skill RT

Docker

Plug Produce Supply

Skill RT

Docker

Plug Produce Assemble

Skill RT

Docker

Plug Produce Mill

Skill RT

Docker

Plug Produce Assemble

Skill RT

Docker

PCheck Produce Track

LCS

PC

LCS

Behaviors Behaviors Behaviors

IPC
Behaviors

Skill RT

Docker

Plug Produce Transport

IOT

Edge
Behaviors

Skills

Behaviors

Producibility check skill 

based on BOP, skill 

matching, constraint 

solving and logistical 

connectivity analysis    

Fractal modular 

hierarchical architecture 

with skill-based cyber-

physical collaboration

PC

Product steers its 

own production

Digital twin

Digital twin

AGV

Decentral 

product BOP

Decentral  control & scheduling

Plug & Produce, Ad-hoc

MOM

NX / Teamcenter
BOM/BOP

PC

Cost reduction!
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How to make cyber-physical production units intelligent?

Assemble

Skill Interface

Behaviours
Approach

Open

Pick DepartMove

Transport

Skill Interface

Behaviors

Move PlaceMove

Tend

Skill Interface

Behaviors

MovePick

Transport

Skill Interface

Behaviors
Unlock

Move

Lock IndexInit

Mill

Skill Interface

Behaviours
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Intelligent Cyber-Physical Production Equipment

Assemble

Skill Interface

Behaviours
Approach

Open

Pick DepartMove

Transport

Skill Interface

Behaviors

Move PlaceMove Pick
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Intelligent Cyber-Physical Production Equipment

Assemble

Skill Interface

Behaviours
Approach

Open

Pick DepartMove

Transport

Skill Interface

Behaviors

Move PlaceMove Pick

Sim-2-Real
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THT (Through-Hole Technology) Assembly Optimization with DRL

Sim-2-Real
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THT (Through-Hole Technology) Assembly Optimization with DRL

• Assemble electronic components to a PCB:

• Currently a manual step on the SITOP production line

• Challenges:

• Tolerance of positioning of the PCB

• Transformer part imperfections

Assemble

Skill Interface

Behaviours
Approach

Open

Pick DepartMove
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Through-Hole Technology (THT) Assembly Optimization with DRL

Simpler peg in hole use case

Bullet

Webots

Gazebo
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Anomaly Detection and New Human-Machine Interactions

Failure notification

Corrects process failure with help of AR-based work instructions

Notifies

Feedback on anomaly [ok/failure]

Notifies

Anomaly notification

Industrial Edge device

P2P Monitoring Data Layer

Repair work instructions

PC

Smartwatch

1

2

34

10

11

5

6

7

89

12

Worker station

Corrects process failure with help of AR-based work instructions on tablet 13
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Anomaly Detection on Edge & New Human-Machine Interactions (Video)
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Thank You!

CPPS Concepts in Research and Reality Harald Loos

Siemens AG Österreich

Head of T RDA AT

Siemensstrasse 90

1210 Vienna, Austria

E-mail: harald.loos@siemens.com 


