# Universitat Stuttgart
Industrial Automation and Software Engineering

9

L)

Towards
Digital Twins for
Intelligent Automation

Siemens Simulation and Digital Twin
Conference

Minchen, 19. Nov. 2019
Prof. Dr.-Ing.

Dr. h.c.
Michael
Weyrich

* Head of Institute, Industrial Automation and Software Engineering, Univ. of Stuttgart
» Board member VDI/VDE society for Measurement- and Automation Technology (VDI/VDE GMA)
»  Member of the interdisciplinary committee of Digital Transformation of the Association of German Engineers




Contents

* Introduction to Digital Twin
= Best Practice Research and Technology
= Ongoing Research

— Digital Twin enable Value Networks

— Towards intelligent Automation

= Conclusion and Outlook

Ve



Contents

* Introduction to Digital Twin




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

Topics v Current edition More v

The
Economist

Jul 13th 2017

The Gemini makers
Millions of things will soon have digital
twins

From factories to cars to a range of consumer products

(3]
STAMFORD, Conn., March 13, 2018

Gartner Survey Reveals Nearly Half of
Organizations Implementing loT Are Using or
Plan to Use Digital Twin Initiatives in 2018

Analysts to Address the Challenges of Digital Leadership at Upcoming Gartner CIO
Leadership Forums and CIO and IT Executive Summits

GAIA-X
Fo RT u N E October 30, 2019

Europe Is Starting to Declare Its Cloud
Independence
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“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”
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On the way to Industry 4.0 and a connected “everything® ...

» 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
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Cloud Infrastructure,
Information Modelling
and Digital Twin




Digitalisation integrates a variety of different technologies
Networked data, information and artificial intelligence are going to impact all
domains from production, mobility, energy to health care.

networked systems services deC|S|On Support

ad-hoc rescheduling

artificial intelligence reference architectures

adapration — internet of things resonine

data processing e al-time decision making reconfiguration
Intelligent objects autonomy  grchestration

dlStrlt?eymFeggtegrgthgr%!to—enq process D|g|ta| Twin

] networki_ngtechnologies opﬁm|sat|on
Simulation
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Hypotheses of this Presentation

The future potential of the Digital Twin lies in a data driven approach which
enables advanced simulation and leads to an intelligent automation.

Al for

. * Intelligent automation requires Simulation
Automation

along with a Digital Twin.

» Cloud solutions are an important step
towards standardized platforms for data
processing, apps and bots.

Standardized }
infrastructure

Apps, bots and
simulation
platform

« Digital Twin enables new services and
assistant functionality for operation.
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A Maturity Model for Digitalization leads the Way towards Analytics,
Al and the “New Machine Age”

Maturity Index Intelligent automation

based on Digital Twin

A

“Self-optimizing” and “self-control”: Continuous
evaluation of data with Digital Twin

Ope¢rations are transparent and
can be predicted

Paperless operations,
Digital islands exist

Operations are IT connected

Non digital operation

» Time Line
Connectivity H Visibility H Transparency H Prognosability H Adaptability \

N
To date /_/—
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On the way to Cyber physical Systems ...

Definition (source: IFAC mechatronics, Roland Rosen et. al., CT RDA AUC, 09/2019)

Solutions for Systems of CPS SIEMENS
Example Digital Plant Companion lngenuity for Ufe
General Service Architecture /// S Digital Twin )
for CPS, based on nexDT A —
2 Material Mechatronic Process
Digital Twin Flow Model Model . Model
@ igital Plant Companion > [
E ’ DPC User DPC Services ‘7J
C ) Software Service Experience ; Co-Simulation
J:: p—— [ Optimizer e
A h \ Simulation . ( ]
{} {} ey Workflow | Solver Y
\ i — ode!
Real Asset | Environment ‘\\ Exaction Model Calibration } ’ Generation

Digital twin as the brain of CPS

+ Enabling autonomy as well as supervision and optimization of systems of CPS
Digital System Companions in distributed environments

« Integrating data & simulation & cloud technologies

Unrestricted © Siemens AG 2019
Page 1 September 2019 Corporate Technology
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Multiple Models make Digital Twin(s)
A large variety of models exist to cover the multiple aspects of digital twins.

CAD- §
Models

Object models

Digital Twin

TEIITITEEY

Engineering scenarios

State machine s
Sensor data
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State-of-the-Art: Digital Factory of Daimler

Challenges: Inhomogeneous data and systems complexity
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Digital Twin — Design moves to Runtime
How could the interchange be used between the cyber and physical world?

TOday > Englgl_rllzgtnng > Commissioning / Test >> Op%?g?ondtz?onr:'me >> Retrofit>

Tomorrow Example 3:
Data driven quality
Production control in Operation
quality assurance
N
> Engineering >> Commissioning/ >
[ Test o Test
Example 1:

Example 2:
automatic changes
in manufacturing

Configuration of
systems for virtual
commissioning
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Example 1: Interconnection of multiple Sub-domains / Disciplines
Manufacturing systems are designed using IT-based Engineering systems which
support different views of the various mechatronic elements

Function Aspect Navigator x
Mame & Description Template Dat
= CD000399:1-AD Training Works... -

/ Components \ 1 ﬁB Unassigned : / St t
ation
-Q =GL001 Conveyorldls Conveyorldl..

—ﬁ Manl Standard Mot... “~Conveyor1...
= &5‘ =l Motor ~Conveyor ... 3
9'!5‘ motor option... ~Conveyor1...
9'!5‘ motor option... ~Conveyor 1., A .
—--ﬁ BGOL Infeed Sensor ~Conveyor1... €. \ o
-3 CHDI DI “Conveyor L. g - =2
- Infeed Infeed Sensor ~Conveyor1... & |
&5‘ sl Light Sensor ~Conveyorl.. _
< — n | 3 \ /

Discipline mechanical Design / Whole Line \
Discipline Layout of plant

Discipline Electronics / Electric
Discipline Software for control

L] L] L] L]
(Source: Siemens AG-Automation Designer)

» Challenge:

How to synchronize the multiple legacies
of the Engineering systems?
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Example 1. Models of a Digital Twin
Each component possesses models of various domains Models such as

electrical / electronics,
CAD, Software etc.
| Central control (PLC S7-1500) |
@ X_PLC-Hardware Configuration model (Chanel 01 1
| EI ))E:E@(gr?ggldrﬂodel Instance
|_Station1 || ( X_Software functional model Instance

Station 2 Relation

| Function group A (Conveyor) |

T | Mech. Com. B (Drive motor) | |
- @ B_Signal-Model (Start)

1 1B _CcAD-model
i A B electrical model
B_Software-Function model
» B_math. behavior model

4 | Mech. Com. C (Motor starter) |
| Mech. Com. D (Light sensor ) I:

]

|

Hierarchical | Mech. Com. D-1 (Light sensor ) [«
Structure of |_Function group E (Drilling) |« Parent Child Components
Components - Mech. Com F (Drill) | Relation are related

I Mech. Com G (Valve) I:

{  Mech. Com D-2 (Light sensor) [« |n£:|r;:ia;?e

| Function group H (Turning) |
{  Mech.Com | (Turner) |« Parent Child
@DAG® Submodels | [ Mech. Com G-1 (Valve) |« il _l

{ Mech. Com D-3 (Light sensor) |

y/ e
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Example 1: Digital Twin for Virtual Commissioning

Assistant systems to interconnect multiple engineering models

2\Robotcell_HM_V1

Project Edit View Insert Online Options Tools Window Help

Totally Integrated Automation
Gf Y seveprojeet @0 X X Qs FIME R R & coonine J cooiine Jp I 2 - 1 PORTAL
Project tree
Devices 5
s =
HeO (=] A

| [Find and replace
~ | Robotcell_HM_V13_SP1_240327

B Add new device

iy Devices & networks
~ [ PLC_1 [CPU 15163 PNIDP]
I Device configuration
| Online & diagnostic:
I Program blocks
[ Technology objects
Extemal source fles
PLCtag:
PLC data types
viatch and force tables.
Online backups
Traces

B8 57-PLCSIM Advanced V1

[ Online Access  PLCSIM PLCSIM Virtual Eth. Adapter 5]

sepeian

) Create Virtual 57-1500 PLC

Instance Name  PLCSIM

PLC-Type Unspecified CPU 1500 v

1 Active PLC Instancefs):
OEE piesiM 71921684025 @ @

Program info
Device prowy dats
PLC alamms

Teat lists

CEENETENE

[ Local modules
» [ 0001 KF201 [TP1300 Comfort]
» (4§ Common data
» [5]) Documentation settings
» (@ Longuages & resources

[ Online access.

i Show Balloon Messages @ =

@

ard Reader/USE memary
?  Function Manual E |

Q Edit

G Properties | Info | 2l Diagnostics

General 1| Cross-references || Compile | SiVArc

][] [show sl messages

1 Fah Deseription Gom 7 Erors | Wemnings | Time

| Details view

Name Detils

L@ Diagrosti roc it QA2

[ 10 access error oB122

& o081 o8l

B Programming eror oB121

& Full or plug of modules oBa3

& Rack or station failure 0886

& starup 08100
Geners|
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(Source: https://media.daimler.com)

Example 2: Digital Twin with Automatic changes in Operation
During Operation maintenance, monitoring and optimization is required

Physical Manufacturing

Active data acquisition

Synchronisation
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Digital Twin

Modelling and Analysis

Simulation

Prognosis

Robot simulation

Ergonomic
simulation

virtual
commissioning

Process driven cell
simulation

Digital Mock-Up

Virtual Reality/
Mixed Reality

Energy-Simulation




Example 2: Digital Twin for a flexible manufacturing cell

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

based on a digital twin synchronized with the physical system.
N :
’ “/ctive Research
: nvironment for the

ext Generation of

utomobiles”

Welding cell
TruelLaser Cell 3000

mobile robot
KMR iiwa

Intelligent
storage
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Example 3: Data driven quality control in Massive Forming
Process data entail information and can be analyzed to improve process quality
of machinery which can not be sufficiently modelled.

Press Process Challenges:
» Capture of data and extraction of unknown patterns
* Analysis and generation of action proposals

* Track and Trace of workpieces
throughout a phased chain of production

» Bar code can be read despite 1250 °C
and forming

Project: BMWi EMuDig-Projekt
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Example 3: Data is monitored in Operation
Anomaly detection such as sudden events and creeping wear

Wear off

A Start-up
*  Wheel rim production with Otto Fuchs KG
* Available data

. Size: 2TB
. Data space: 86 Sensors

Upper bound tolerance

-----
o ",

. Duration: 4 month recording

Lower bound tolerance

. Extraction of process data from controls

*  Approach: machine learning (LSTM networks)

f tOperation
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Example 3: Self-learning of System Components
The System learns about the dynamic and disturbances based on real process

data.

A learning approach is utilized in Manufacturing [l Manufacturing
order to optimize the cascaded
quality controller based on /[
Backpropagation Through Time

and LSTM networks.

control
@ - (2] Werkzeug © Umformen control

Manufacturing

uality control
step 3 Q y

step 1 step 2

control

r~==%] |earning

PH—

Yk

w, & e Uy
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On-going Reseach: Preliminary Conclusion

Multiple approaches for data collection, Information processing and simulation

based on multiple “best of class” technologies.

Al for intelligent }
Automation

Presently a lot
of research on
Digital Twin
focus on the
various
application in
the domains

Standardized }
infrastructure

: Apps, bots and
:simulation platform
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What are the
open research
guestions?
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Research Questions
Various Aspects are relevant but two appear dominant
Applications need to be with respect to:

- Different location (special distributed /

How to obtain standards decentral) and
which integrates data and _
simulation? - Tools from different vendors

- Dynamics, i.e. changing participants

How to make a Digital twin a - Intelligent automation and Autonomy of
real “brain of CPS” enabling - :
decision making needs to be enabled by

intelligent automation or _ _ _ _
even autonomy? reinforcement learning which requires
simulation

/A
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Co-Simulation and Control of complex Value Networks
Value networks can be co-simulated and be transparently controlled

Supply Chain Value Network
I-_;u__“:r:______;E_M __________________________ -
| PP Customer |
| - delivery of parts, - Integrates components . 1
I components and - Manages the interfaces and supply chain - utilizes product
L modules 1
_______________________________________ N
&0
A0<\°K
b\/ \_/ Q<o4‘(’\ P Supplier A
Requests supplies Influences s ‘ )
(time delayed) demand . % 39
(time delayed) < §' =4
o = &
www ) 2 |58
SRR @5 S |5
(e Q. (7 5
IT-PLATTFORM SR 3

... from ,static supply Logistics
chains” to ,self-
organising” networks ... —

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



What Standards exist for distributed systems with Digital Twins?
Activities are presently at least on to levels for Digital Twins and Physical Assets.

1. Data acquisition
interface:

N

Value-add:
Information exchange
with the real world
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Different
Models

X

2. Model exchange and
Synchronisation:

N

Value add: exchange
data and synchronization
with different models

Real Asset Environment

30




Multiple Standards for Factory Automation are emerging
Interoperable control architectures are the basis for information exchange

NOA = NAMUR Open Architecture

<D

« Additive to existing structures

« Open for new approaches within
Industrie 4.0

- Based on existing standards

- Norisk of availability and safety
of installed base

Enhancement of existing approaches as a baseline for the efficient and
flexible utilization of Industrie 4.0 within the process industry

- Simple integration of fast changing IT compo-
nents from field level up to enterprise level

- Significant improvements of cost per sensor
due lo open and integrative approaches

Resource
Planning

Manufacturing
Execution Level

Basic Automation

Fiekl level

Open Process Automation™

proof-of-concept: ExxonMobil worked with
Lockheed Matrtin to develop a base design
and established a systems integration
laboratory

THEOPE?Z GROUP

n
[ome] (o] =]

fronmirnceat: Asmatsianusgutachiis o Brezmasieciasie n V.
iy Ermagung: Amtguicht Kin, VR 18371

BMWi Project ,FabOS
— An Operating
Systems for Factories®

F A B o S Z Fraunhofer

iy
¢

MANUFACTURING SERVICE BUS
OIE LOSUNG ZUR FLEXIBLEN DIGHTALISIERUN

... other activities ...
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Vernetzte Produktionsarchitektur der Zukunft —ZH |€|:

Mit und

bringen wir unsere Produkte in die digitale Welt

RAMI4.0 Architektur 14.0 FESTO

Kommunikation

= Die Verbindung erfolgt iber
H die IoT/ 14.0 Kemmunikation
o
]
i) Die Verwaltungsschale
& ist der digitale Anteil und
Asset, zB. N
Elekirische Achse bietet Mehrwerte!
Digitalisierung F Die digitale Welt reflektiert
2 1 . Eigenschaften der realen Welt
5; Physische Dinge . t 27
Jedes Produkt benotigt eine um in Inr




IAS Research: Software-Agents for Co-Simulation in intra Logistics
A ,Plug-and-Simulate” Framework for co-simulation during runtime is under
research, in which simulation can be added during runtime.

[ \ Grect o Uniy - PC <oxn.
s_GameObject Component Moble Input Window_Help

Verknipfte Simulationen:

» Unity (3D Visualisation)

* MATLAB Simulink
(autonomy fork lifter)

* AnyLogic (autonomy forklift
and distribution system)

OMNet++ (Connectivity)

mmmmmmmmm
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|IAS-Research: Co-Simulation Framework
Smooth “plug-in” despite heterogeneous interfaces: Agents encapsulate simulation
tools and enable them to be integrated into a Co-Simulation.

Component Coordinator- Environment-

Environment-
Agent Agent Agent

Component Agent

Agent

Interface Interface
Interface

Simulation 3D Geometry
(AnyLogic) Simulation

_ (Unity)

Interface Communication

Simulation
(OMNet++)

Simulation
(MATLAB)

agent-wrapper encapsulate simulation tools with open interfaces

Systems of Agents

Environment for development and analysis for dynamic integration during operation
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A Scenario for Research on Complex Value Networks ...
Intelligent Digital Twin: Transparency, Prediction, Self-optimizing and Self-control

A Co-simulation of Value Network
Universitit Stuttgart .
Institut fir Automatisierungstechnik und consists Of:
Softwaresysteme . - .
» Smart Logistics (Trucks, Trains)
* Smart Factory
* Intelligent Warehouse
* Intelligent Building

'...'... >
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Overview of the Digital Twin for the Scenario

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

sensors and functional system models

Value

Network /v\ &

\_

Supplier B

Scenario Data
* Truck and Train
* Production
* Warehouse

* Buildings

Datum N I Ontology
— » Functional
Tolerance 1 Approximation
Tolerance N

| Anomaly Recognition |- ‘ >
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Targeted
Values

ﬁ

Trigger

Data Models
|

I Analysis Algorithm |

Estimation

ﬁ
ﬁ

Anomaly recognition | | .

Ontology

Functional
Approximation

Soft Sensors




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

Digital Twin and Companion Functionality Value-add
Management, T q
identification and Prar;ﬁpe_arency an
analysis rediction

c
g Deployment of Prognosis of
T (dynamic) Co- future scenarios
Simulation and “Self-x”
Digital Twin to Digital Potential transfer
Twin Interfaces learning
Real Asset Environment
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Future Vision of the Digital Twin

Models should be able to manage the multiple model dimensions, recognize
changing boundary conditions and synchronize with real data from operations.

« 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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A Management of Digital Twins and Co-Simulation creates the basis
for ,self-learning® approaches
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Towards intelligent Systems
Multi-agent reinforcement learning requires a (co-simulation) to be trained and

adapted

Mastering Chess:
Static reals and a fairly
simple assessment of
situations

https://www.youtube.com/wa
tch?v=NJarxpYyoFI

r

Real Life: dynamic rules,
infinite states with complex
assessment

Mastering Strategy r
Games:

For more complex r '
situation assessment o

e.g. in Starcraft Il

ipzig#/media/Datei:MoshkovVI

SrazhLeypcigomGRM.jpg

https://de.wikipedia.org/wiki/V%C3%B6lkersc

hlacht_bei_Lei
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