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1. Short introduction to Fraunhofer IITB

Representative 
Peking

Betriebshaushalt 2008: ca. 18,7 Mio. €• Applied research

Competence center
Industrial Automation

Stammpersonal     182
davon Wissenschaftler u. Ing. 134
wissenschaftl. Hilfskräfte ca. 100

• 56 institutes
• 40 locations in Germany
• 12 800 employees
• 1 Billion € budget
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Leitung: 
Prof. Dr.-Ing. Jürgen Beyerer
Lehrstuhl für Interaktive Echtzeitsysteme 
Universität Karlsruhe (TH)

Anwendungszentrum 
Systemtechnik Ilmenau

g

• IITB: 20 mio. € budget
• Staff: 195

Page 4Pr
es

en
ta

ti
o

© Fraunhofer IITB, business unit PMC, 2009



1. Short introduction to Fraunhofer

R&D-process and how it is financed in Germany

Protoyping,otoyp g,
technology transfer

development,
engineering Fraunhofer Gesellschaft

industry

g g

applied
research

Fraunhofer Gesellschaft

application oriented
basic research

basic
universities

Max-Planck-Gesellschaft
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research

financing100% public 100% private
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1. Services and products of IITB‘s business unit PMC ®

Production monitoring
• Shared realtime applications for facility monitoring
• Business intelligence tools for KPI calculation• Business intelligence tools for KPI calculation
• Control rooms, visualization, SCADA-functions, OPC-solutions

Digital engineeringDigital engineering
• Plug-and-work-methods for facilities and MES
• Solutions for virtual commissioning and approval with MES
• Standards for consistent exchange of engineering data• Standards for consistent exchange of engineering data

Innovative MES-components
• Optimization algorithms for manufacturing
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• Optimization algorithms for manufacturing
• Advanced planning and scheduling
• MES consulting
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1. Examples for current projects
Production monitoring system ProVis.Agent, Daimler AG, 
plants Bremen, Sindelfingen and Woerth, in body, paint, 
assembly incl. hotline and service

Production monitoring & control system for 20 annealing Production monitoring & control system for 20 annealing 
furnaces, ThyssenKrupp Stahl AG, Duisburg plant incl. 
hotline and service

Development of IO-Module (‚Primary Data Manager -
fPDM’) incl. PLC-connection via ‘Integra-channel’ for 

Siemens, business unit A&D

Logistic concept for engine factories (Z-Car engine, 6-cyl. 
Diesel engine) for Daimler at Berlin and Koelleda plant; Diesel engine) for Daimler at Berlin and Koelleda plant; 
reduction of procurement time from LLZ to assembly line

Concept and prototype for a plug-and-work connection of 
digital factory tools and MES components in cooperation 

i h i l i i i i i
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with Daimler’s AutomationML initiative

Advanced planning and scheduling tool for different 
customers in discrete manufacturing, e.g. Micronas AG

C  d li i  f  l l  i    

Annealed (1.250°C) steel slab, app. 
150 t, process control and monitoring 
system made by FhG-IITB
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Concept and realization of a central control room in a press 
shop  of an automotive plant



2. Production monitoring in discrete manufacturing 
processes ®

Web- Web

Factory intelligence system 
(reports, statistics, KPIs)

= common for body, paint, trim shop

Visualization
client

(control room)

Engineering
server

Service Genesis DB

Visualization 
client 
(office)

Visualization 
client

(shop floor)

Other
systems,

especially Monitoring server Online DB

p

Media- Alarm-

app. 1.500 clients

especially 
those using 

order 
information

Monitoring server

ProVis-cernel

Online-DBserver server
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PLC MMS-
station

OPC-
station

app. 150 PLCs per shop
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2. Central monitoring and control room

Control room C-class trim shop
Daimler AG, Bremen plant

Control room press shop Daimler AG

Picture: Daimler Picture: Jungmann Systemtechnik
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In the Bremen plant ProVis.Agent monitors 
and controls app. 450 PLCs of app. 2.000 
facilities in body, paint and assembly; 1.560 
users access the webbased reporting system

In the press shop ProVis.Agent is used as an 
integration platform for facilities, IT-systems 
and cameras. It visualizes the entire process 
from coil delivery to scrap disposal  
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users access the webbased reporting system. from coil delivery to scrap disposal. 



3. Core factors for successful manufacturing companies (source: Bischoff, J.; 

et.al.: Automobilbau mit Zukunft)

Three key success factors for

Production
and 

Product
and

Three key success factors for
future (automotive) production:

1. Adaptivity
2 Realtime ability

logisticstechnology
2. Realtime ability
3. Production in networks

Market
d
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and
customers
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3. Visions: the future of Manufacturing Execution Systems
1. Future MES will be integrated with the digital factory, e.g. supporting permanent 

planning ability

2. MES are going to be vertically integrated with the shop floor level applying standard g g y g p pp y g
plug-and-work-mechanisms

3. Simulation will become a frontend to enable real time simulation for decision support 
regarding unexpected changes on the shopfloorregarding unexpected changes on the shopfloor

4. Horizontal integration concerning MES means service-oriented architectures and 
comprehensive data management

5. MES will become completely scalable down to the support of self-organizing manufacturing 
(„RFID instead of factory data acquisition“)
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6. Future MES are „human-centered“ concerning supply of information according to the user‘s 
task and role

7. Correlations between different data bases found by methods like data mining will lead to 
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3.1 Reference model for factory planning: connection of planning 
and operations

Project management

F iliti B ildi
Supplier

D i
Enginee- Facilities Building

Supplier
partsDesign

Enginee
ring

Idea Concept Planning Realization Ramp up Operations

CAD /
Manufacturing execution 
systems for
- Detailed scheduling
- Tool management
- Material management

CAD-/
CAE-

Systems

DF*-
Systems

DF-
Systems

DF-
Systems
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- Material management
- Staff management
- Data acquisition
- Key performance indicators
- Quality management

I f ti  t

*DF= Digital Factory systems, e.g. DELMIA, Siemens UGS, etc.
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3.1 Main idea for connection of planning and operations

Customer
order

CAD-System
Digital
factory
tools

ERP-
system 
(SAP)

manufacturing
orders

Sequence 
planning
system

Product
Data

‚Digital
factory-Hub‘

Sequence of
bodies

Use information from the 
Management

factory-Hub

Production, shop xy

Report-DB

factory planning process 
inside the 
‘world of automation’

Engineering
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PLC PLC PLC PLC PLC PLC

Cell level Cell level

Production monitoring level
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3.1 Current activities concerning digital operation

Digital operation: cooperation of ...

...Manufacturing execution systems

...virtual or real controls

...virtual or real facilities
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3.1 Virtual commissioning

Start of 

Facility 3D-facility Electrical PLC Manufacturing/Manufacturing/
assembly Commis- Ramp up

realization

y
concept

y
design design programmingprogramming assembly

of facility sioning Ramp-up

Virtual
commissioning
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3.1 Actual working place for virtual commissioning (source: AUDI)
HMI of

PLC

Model of 
kinematics

Model of 
logickinematics logic
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The concept: from a 3D geometry model
Confidential Information

DASSAULT 
SYSTEMES     

Page
17

The concept: from a 3D-geometry model…



to a mechatronic element
Confidential Information

DASSAULT 
SYSTEMES     

Page
18

…to a mechatronic element…



…that is reused throught various
j t

Confidential Information
DASSAULT 
SYSTEMES ‐
Date    Page

19

projects…



… and is within one projectp j
applied more than once!

Confidential Information
DASSAULT 
SYSTEMES ‐
Date    Page

20



3.1 Monitoring & control connection with digital factory

HiL-WinMod-Simulation with Siemens S7-300 and Delmia Automation-HiL-Simulation with S7-300 
for Hanover fair 2009

PLC3D PLC/
logic

PLC-
OPC-

server
OPC-

comm.machine

3D-
visualization

3D-
visualization ProVisCommunication-

adapter A77 for Production

machine

visualization
OPC-
client

adapter A77 for
Ethernet MPI-

communication
monitoring
& controlinternal communication

external communication
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9 Process
visualization

external communication
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3.1 Project structure in WinMOD
o

n
V

o
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9

• Peripherietreiber (z.B. OPC, Ethernet MPI, 
Profibus)

• Globale Operanden (interne Operanden, 
Eingänge der Hardware, Ausgänge der 

• vSteuerung (Schrittketten)
• Simulationsdateien
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Hardware, Konstanten)

Simulationsdateien
(Simulationsverhalten)



3.1 Workflow for simulation

Factory planning before PLC-programming

types, signal symbols, images

Monitoring systemVirtual comm.-
equipment model

3D-visualizationPLC

List of
signals

Virtual comm.-
communicationPLC Monitoring system

s g a s
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PLC

Final virtual comm. model
(link test: 

M it i  t
communication !

Page 24Pr
es

en
ta

ti
o

© Fraunhofer IITB, business unit PMC, 2009

PLC
PLC+peripheral equipment) Monitoring systemcommunication



3.1 Benefits from early connection of planning and operation

h i l l i l

engineering of production
g

Implementation and 
engineering of production
monitoring & control

today:

Specifi-
cation

construction

Mechanical
facility

construction

Electrical
facility
constr.

Manufact./Manufact./
assembly

Commis-
sioning

Ramp up

•functions
•KPIs PLC-
•criteria for

approval g
Program-

ming

Visuali-
zationzation

in the future:
Implementation and 

engineering of production
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Specifi-
cation

Mechanical
facility

t ti

Manufact./Manufact./
assembly

Commis-
sioning

Ramp up

g
g g p

monitoring & control
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4. Leitbild zum plug-and-work von Produktionsanlagen

EIN
W

133-09-033
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3.2 Required components for plug-and-work methodology

MES 1 MES 2 MES m

Plug-and-produce middleware

Decoder Decoder Decoder

Facility Facility Facility

Encoder Encoder Encoder Encoder
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Facility1 Facility2 Facility Digital factory
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3.2 Current status of engineering systems for MES components

Superordinate IT 
system  e g  for 

1 Announcing PLC; 
OPC-Client must 
know the IP 

system, e.g. for 
production monitoring 

& control

OPC-Client

address or name of 
computer 
and name of OPC-
server

1 manually List of available
OPC-server

Name space of 
selected

OPC-server

Variables of 
selected 

namespace

Partly
cell server

2 Browsing using 
hierarchical set of 
variables of OPC-
server

3 Linking variables 
provided by 

i i h

2
3

ID of the 
variable to be 

addressed, e.g. 
by an element 

h
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9PLC and PLC variables

OPC-Server

equipment with 
variables of super 
ordinate IT system

3
manually

in the process 
control image
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3.2 Plug-and-work approach

Facility/PLC offers
CAEX*-file with

XSL-
Transformation

Data relevant 
for system EngineeringdirectCAEX -file with

1. Engineering data 
concerning
- facilities
- I/O

for system 
engineering

g g
databaseinput

- I/O
2. Visualization data

- I/O
- Topology

Rules regarding

Data relevant 
for 
visualization

Generating
process
images

Rules regarding
- classification
- control-system 
specific assignment Goal of development: 

OPC UA Server
Goal of development: 

OPC UA Clients
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OPC-UA-Server OPC-UA-Clients

*CAEX: Computer Aided Engineering 
E h  di  t  IEC PAS 62424
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3.2 Plug-and-work approach

Facility/PLC offers
CAEX-file

Facility instance incl. assemblies

CAEX is also the 
describing and 
exchange format g
within 
AutomationML*, 
where Fraunhofer 
IITB is one of the 

Connection between P, P, R und topology

R ll “ fü  PPR   t t ti  b lt

partners
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„Rolls“ für PPR, e.g. transportation belt

Structure of facility in the PLC, type of facility*see 
www.automationml.org for 
details
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3.2 Plug-and-work tool
o

n
V

o
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3.2 Example for plug-and-work effects

Data relevant for 
visualization

Name: TB2
Prozess: Transportieren

Status: aktiv

Transportieren

Example of a demonstrator:
- TS1: test station
- DT1: turn table
- TB1: transportation belt 1p
- TB2: transportation belt 2
+ various variables and values

completely! generated from

Transportieren
Drehen-umsetzen

Prüfen
Type: Motorblock-XYZ

ID: m3867115

p y g
self description of facility 
including topology 
information from layout 
planning
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p g

Next steps:
- link to different E-CAD-tools
- test with real facility
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3.2 Example for plug-and-work benefits
Potential for savings at MES-/Monotoring-systems or 
HMI; example ProVis.Agent®

Assumptions:Assumptions:

Invest monitoring system: 500.000 €

Monitored PLCs per system: 250
Efforts per PLC for Image-, 
IO- and facility engineering 2-5 days
=> Total engineering efforts app  500 days

Δ total= app. 25%

=> Total engineering efforts app. 500 days
Cost per day engineering: 500 €
total cost engineering: 250.000 €
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Potential for savings by 
plug-and-work: app. 80% 200.000 €
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3.2 AutomationML (IEC DKE K941 Group)

AutomationML
E i i d tEngineering data

CAEX IEC 62424 
Top level format

COLLADA

GeometryTop level format

Plant topology
information
•Plants

Kinematics

PLCopen XML

Object A

Object A1 InitInit

•Plants
•Cells
•Components
•Attributes
Interfaces

Behaviour
Sequencing

Object A2 Step 1

End

Object An

…
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•Interfaces
•Relations
•References

Further XML Standard format

Further aspects of 
engineering information
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3.2 Benefits from early connection of planning and operation

h i l l i l

engineering of production
g

Implementation and 
engineering of production
monitoring & control

today:

Specifi-
cation

construction

Mechanical
facility

construction

Electrical
facility
constr.

Manufact./Manufact./
assembly

Commis-
sioning

Ramp up

•functions
•KPIs PLC-
•criteria for

approval g
Program-

ming

Visuali-
zationzation

in the future:
Implementation and 

engineering of production
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Specifi-
cation

Mechanical
facility

t ti

Manufact./Manufact./
assembly

Commis-
sioning

Ramp up

g
g g p

monitoring & control
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If you want to kow more...y
June 8 - 9, 2010
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