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New ways of work: Digital Twin and the Internet-of-Things

Jul 13th 2017

“The factory of the future will be a 

building stuffed full of robots making 

robots.”

Gardner Prognosis: „In 2020 about 2/3 of 

the companies … are going to have a 

Digital Twin in operation“

“the German plans were formulated …

France is also keen”

October 30, 2019

[2]

[3]

GAIA-X
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• Applications are going to be boosted by information 

and communication technology.

• Customers, machines, logistics and virtually 

everything is going to be connected.

• Machines communicate with machines.

• Parts, logistics and machinery are controlling 

themselves

On the way to Industry 4.0 and a connected “everything“ …
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Smart Mobility

Smart Building

Smart 

Energy

Smart 

Products

Smart Logistics

Smart Health

Smart  Factory

The Internet of Things and Services

Cloud Infrastructure, 

Information Modelling 

and Digital Twin
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Networked data, information and artificial intelligence are going to impact all 

domains from production, mobility, energy to health care.

Digitalisation integrates a variety of different technologies

Artificial Intelligence

Simulation

Digital Twin
Deep learning
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• Intelligent automation requires Simulation 

along with a Digital Twin.

• Cloud solutions are an important step 

towards standardized platforms for data 

processing, apps and bots.

• Digital Twin enables new services and 

assistant functionality for operation.
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The future potential of the Digital Twin lies in a data driven approach which 

enables advanced simulation and leads to an intelligent automation.

Hypotheses of this Presentation

Standardized 

infrastructure

Apps, bots and 

simulation 

platform

AI for 

Automation

Universität Stuttgart, IAS, Prof. Dr.-Ing. Dr. h.c. Michael Weyrich



A Maturity Model for Digitalization leads the Way towards Analytics, 
AI and the “New Machine Age” 

“Self-optimizing” and “self-control”: Continuous 

evaluation of data with Digital Twin

Time Line

Maturity Index

Non digital operation

Paperless operations, 

Digital islands exist

Operations are IT connected

Operations are transparent and

can be predicted

Intelligent automation 

based on Digital Twin

To date
Universität Stuttgart, IAS, Prof. Dr.-Ing. Dr. h.c. Michael Weyrich 8

Connectivity Visibility Transparency Prognosability Adaptability
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On the way to Cyber physical Systems …

Definition (Source: IFAC mechatronics, Roland Rosen et. al., CT RDA AUC, 09/2019)
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Multiple Models make Digital Twin(s)

CAD-

Models

Object models

Requirement Model

Co-Simulation

Sensor data

State machine

Digital Twin

Engineering scenarios

A large variety of models exist to cover the multiple aspects of digital twins.
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Time series

Differential equations

…

…
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Challenges: Inhomogeneous data and systems complexity

State-of-the-Art: Digital Factory of Daimler
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How could the interchange be used between the cyber and physical world?

Digital Twin – Design moves to Runtime

Engineering

/ Test
Commissioning / Test

Operation / Runtime

of production
Retrofit

Operation / 

Runtime

Engineering

/ Test

Commissioning/ 

Test

Today

Tomorrow

Example 2:  

automatic changes 

in manufacturing

Example 1: 

Configuration of 

systems for virtual 

commissioning

Example 3: 

Data driven quality 

control in Operation

Universität Stuttgart, IAS, Prof. Dr.-Ing. Dr. h.c. Michael Weyrich



Components
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Manufacturing systems are designed using IT-based Engineering systems which 

support different views of the various mechatronic elements

Example 1: Interconnection of multiple Sub-domains / Disciplines

• Discipline mechanical Design

• Discipline Layout of plant

• Discipline Electronics / Electric

• Discipline Software for control

…
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Station

Whole Line

 Challenge:

How to synchronize the multiple legacies 

of the Engineering systems?
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Each component possesses models of various domains

Example 1: Models of a Digital Twin

B_Signal-Model (Start)
B_CAD-model 
B_electrical model
B_Software-Function model

X_CAD model
X_Electrical model

X_Software functional model

X_PLC-Hardware Configuration model (Chanel 01)

Instance

Instance

RelationStation 2

Function group E (Drilling)

Function group H (Turning)

Zone 1

Zone 2

Station 1

MPS-Line

Function group A  (Conveyor)
Mech. Com. B (Drive motor)

Mech. Com. C (Motor starter)

Mech. Com. D (Light sensor )

Mech. Com. D-1 (Light sensor )

Mech. Com F (Drill)

Mech. Com D-2 (Light sensor )

Mech. Com I (Turner)

Mech. Com D-3 (Light sensor )

Mech. Com G-1 (Valve)

Central control (PLC S7-1500)

Mech. Com G (Valve)

Parent Child 

Relation

Inheritance 

Relation

Parent Child 

Relation

B_math. behavior model

Sub models

Models such as 

electrical / electronics, 

CAD, Software etc.

Components 

are related

Hierarchical 

Structure of 

Components
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Assistant systems to interconnect multiple engineering models 

Example 1: Digital Twin for Virtual Commissioning
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During Operation maintenance, monitoring and optimization is required

Example 2: Digital Twin with Automatic changes in Operation

Energy-Simulation

Robot simulation

Ergonomic 

simulation

virtual

commissioning

Process driven cell 

simulation

Digital Mock-Up

Virtual Reality/

Mixed Reality

Physical Manufacturing

(S
o

u
rc

e
: 
h

tt
p

s
:/

/m
e

d
ia

.d
a
im

le
r.

c
o

m
)

Digital Twin Simulation

Mechanical

Domain

Elektrical

Domain

Software

Domain

• Modelling and Analysis• Active data acquisition

Synchronisation

19

• Prognosis
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Example 2: Digital Twin for a flexible manufacturing cell

Welding cell

TrueLaser Cell 3000

mobile robot

KMR iiwa

Intelligent 

storage

The flexible manufacturing cell can be reconfigured based on a What-If-Simulation 

based on a digital twin synchronized with the physical system.

ARENA2036 -

“Active Research 

Environment for the 

Next Generation of 

Automobiles”
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Process data entail information and can be analyzed to improve process quality 

of machinery which can not be sufficiently modelled.

Example 3: Data driven quality control in Massive Forming

Press Process Challenges:

• Capture of data and extraction of unknown patterns

• Analysis and generation of action proposals

Project: BMWi EMuDig-Projekt

• Track and Trace of workpieces 

throughout a phased chain of production

• Bar code can be read despite 1250 °C 

and forming 
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• Wheel rim production with Otto Fuchs KG 

• Available data

• Size: 2 TB

• Data space: 86 Sensors

• Duration: 4 month recording

• Extraction of process data from controls

• Approach: machine learning (LSTM networks)

Anomaly detection such as sudden events and creeping wear

Example 3: Data is monitored in Operation

Start-up Wear off

Upper bound tolerance 

Lower bound tolerance

Quality 

Problem

Q
u

a
li
tä
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m

e
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ik
d

im
e
n

s
io

n
s
re

d
u

z
ie

rt

tOperation
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The System learns about the dynamic and disturbances based on real process 

data.

Example 3: Self-learning of System Components

A learning approach is utilized in 

order to optimize the cascaded 

quality controller based on 

Backpropagation Through Time 

and LSTM networks.

Manufacturing

step 1

Manufacturing

step 2

Manufacturing

step 3
Quality control

control

control

control

yk

zk

wk ek uk

Learning

GR GS
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Multiple approaches for data collection, Information processing and simulation 

based on multiple “best of class” technologies.

On-going Reseach: Preliminary Conclusion

Presently a lot 

of research on 

Digital Twin 

focus on the 

various 

application in 

the domains

What are the 

open research 

questions?

Standardized 

infrastructure

Apps, bots and 

simulation platform

AI for intelligent 

Automation
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Various Aspects are relevant but two appear dominant

Research Questions

How to make a Digital twin a 

real “brain of CPS” enabling 

intelligent automation or 

even autonomy?

How to obtain standards 

which integrates data and 

simulation?

Applications need to be with respect to:

- Different location (special distributed / 

decentral) and 

- Tools from different vendors

- Dynamics, i.e. changing participants

- Intelligent automation and Autonomy of 

decision making needs to be enabled by 

reinforcement learning which requires 

simulation
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Value networks can be co-simulated and be transparently controlled

Co-Simulation and Control of complex Value Networks

Supplier A

→ delivery of parts, 
components and 
modules

OEM

→ Integrates components
→ Manages the interfaces and supply chain

Customer

→ utilizes product

Requests supplies
(time delayed)

Influences 
demand
(time delayed)

… from „static supply 

chains“ to „self-

organising“ networks …

Logistics

Customer

OEM

Supplier B

Energy

Supplier A

IT-PLATTFORM

WWW

Supplier C

Universität Stuttgart, IAS, Prof. Dr.-Ing. Dr. h.c. Michael Weyrich
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Activities are presently at least on to levels for Digital Twins and Physical Assets.

What Standards exist for distributed systems with Digital Twins?

Real Asset Environment

Software Service 

Digital Twin
H

u
m

a
n

1. Data acquisition 

interface:

Different 

Models

Universität Stuttgart, IAS, Prof. Dr.-Ing. Dr. h.c. Michael Weyrich

2. Model exchange and 

Synchronisation: Value-add: 

Information exchange 

with the real world

Value add: exchange 

data and synchronization 

with different models



Integration Bus Manufacturing
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Interoperable control architectures are the basis for information exchange

Multiple Standards for Factory Automation are emerging

Open Process Automation™

proof-of-concept: ExxonMobil worked with 

Lockheed Martin to develop a base design 

and established a systems integration 

laboratory

BMWi Project „FabOS

– An Operating 

Systems for Factories“

... other activities …

IBM 
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Verknüpfte Simulationen:

• Unity (3D Visualisation)

• MATLAB Simulink 

(autonomy fork lifter) 

• AnyLogic (autonomy forklift 

and distribution system) 

• OMNet++ (Connectivity)

IAS Research: Software-Agents for Co-Simulation in intra Logistics

33

A „Plug-and-Simulate“ Framework for co-simulation during runtime is under 

research, in which simulation can be added during runtime.
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Component

Agent
Component

Agent

Smooth “plug-in” despite heterogeneous interfaces: Agents encapsulate simulation 

tools and enable them to be integrated into a Co-Simulation.

.

IAS-Research: Co-Simulation Framework

Coordinator-

Agent

Simulation 

(MATLAB)

Interface Simulation

(AnyLogic)

Interface

Environment-

Agent

Communication 

Simulation

(OMNet++)

Interface

Environment-

Agent

3D Geometry  

Simulation 

(Unity)

Interface
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Environment for development and analysis for dynamic integration during operation

Systems of Agents

agent-wrapper encapsulate simulation tools with open interfaces
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Intelligent Digital Twin: Transparency, Prediction, Self-optimizing and Self-control

A Scenario for Research on Complex Value Networks …

Universität Stuttgart, IAS, Prof. Dr.-Ing. Dr. h.c. Michael Weyrich

Co-simulation of Value Network 

consists of:

• Smart Logistics (Trucks, Trains)

• Smart Factory 

• Intelligent Warehouse

• Intelligent Building
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The information model consist of data from physical systems, ontologies, soft 

sensors and functional system models

Overview of the Digital Twin for the Scenario

Universität Stuttgart, IAS, Prof. Dr.-Ing. Dr. h.c. Michael Weyrich

Tolerance 1

Tolerance N

Ontology

Functional 
Approximation

Datum 1

Targeted
Values

Datum N

Anomaly Recognition

Trigger

Ontology

Functional 
Approximation

Datum 1
Processed
ValuesDatum N

Tolerance 1

Tolerance N

Analysis Algorithm

Anomaly recognition

Estimation

Raw data Prognosis

Tolerances

Soft Sensors

Data Models

System models

Tolerance

Logistics

Customer

OE
M

Supplier B

Energy

Supplier A

IT-PLATTFORM

WWW

Supplier C

Scenario Data
• Truck and Train
• Production 
• Warehouse
• Buildings

Values

Value
Network
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The Scenario aims to demonstrates the value-add of co-simulation 
in complex “real world” operation 

Real Asset Environment

Software Service 

Digital Twin

H
u

m
a

n

• Management, 

identification and 

analysis
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• Digital Twin to Digital 

Twin Interfaces

• Deployment of 

(dynamic) Co-

Simulation

Prognosis of 

future scenarios 

and “Self-x”

Transparency and 

Prediction

Potential transfer 

learning

Digital Twin and Companion Functionality Value-add
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Future Vision of the Digital Twin

• Simulation, models and data can be put in 

different perspectives 

• Model dimensions can reduced or expanded

• Models synchronize themselves with other 

models and real-world data
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Models should be able to manage the multiple model dimensions, recognize 

changing boundary conditions and synchronize with real data from operations.
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A Management of Digital Twins and Co-Simulation creates the basis 

for „self-learning“ approaches



Multi-agent reinforcement learning requires a (co-simulation) to be trained and 

adapted 

Towards intelligent Systems

Mastering Chess:

Static reals and a fairly 

simple assessment of 

situations

Real Life: dynamic rules, 

infinite states with complex 

assessment
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Mastering Strategy 

Games:

For more complex 

situation assessment 

e.g. in Starcraft II 
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