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Agenda

Time Subject Responsible

08:45 Meet at SPS/IPC/Drives 2009 - CN West, Level 2, Exhibition Centre Nuremberg

09:00 – 09:05 Welcome and Introduction PROFACTOR

09:05 – 09:20 Project Presentation PROFACTOR

09:20 – 09:40 DSM to ACIM Model-Transformation PROFACTOR

09:40 – 10:00 ACIM to PSIM Model-Transformation PROFACTOR

10:00 – 10:20 Concept of Integrated Diagnostics TU Vienna

10:20 – 10:40 Coffee Break

10:40 – 11:00 Simulation, Tests and Verification TU Vienna

11:00 – 11:20 Demo logi.cals / PROFACTOR

11:20 – 12:00 Questions, Feedback and Discussion All

12:00 Workshop end
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Aim and Goal of the Workshop

� Presentation of the project idea

� Presentation and discussion of first project results

� Demonstration of first project results

� Introduction of the Open Source based MEDEIA framework
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Model-Driven Automation

Speaker: Thomas Strasser / PROFACTOR

Public MEDEIA Workshop @ SPS/IPC/Drives 2009

Place: Nuremberg, Germany

Date: 25th November 2009

©
 T

he
 M

E
D

E
IA

 C
on

so
rt

iu
m

, 2
00

8-
20

09

Outline

� Motivation � Why?

� Project Goals and Objectives � What?

� Project Members � Who?

� Automation Components � How?

� Flexible Design Flow

� An Example

� Summary and Outlook

Public MEDEIA Workshop @ SPS/IPC/Drives 2009 Slide 6Nov. 25, 09
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Motivation

High investment and engineering costs for automatio n and control 
systems in industrial automation
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Project Goals and Objectives

Vision and Aims

� MEDIEA aims to build an environment within which various
specialists can work together seamlessly to develop complete
solutions without necessarily being aware of each and every
specialisation

� MEDEIA will do this by developing a framework supporting a more
formal and flexible design approach, including:

� Integrated design of diagnostics

� Integration of simulation and verification of control applications

� Automatic code generation for different hardware platforms
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The Current Design Process

Efficiency should come from removing these question marks!

Project Goals and Objectives

Public MEDEIA Workshop @ SPS/IPC/Drives 2009 Slide 9Nov. 25, 09
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The MEDEIA Design Process

From specification to code!
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Project Goals and Objectives
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Project Members

Partners at all levels of the value creation chain

• IMA

• G.D.

• SACMI

• TetraPak

• SELCOM

• CRIT
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Automation Component = Embedded HW & SW

Public MEDEIA Workshop @ SPS/IPC/Drives 2009 Slide 12Nov. 25, 09

Definition: Automation Components (AC)

�
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Automation Component Model = Embedded HW & SW Descr iption
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Definition: Automation Components (AC)
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Automation Component Model = Embedded HW & SW Descr iption

Automatic (bidirectional) transformation of models!
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Definition: Automation Components (AC)
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Automation Component Model



Public MEDEIA Workshop @ SPS/IPC/Drives 2009 Nov. 25, 09

© The MEDEIA Consortium, 2008-2009 6

©
 T

he
 M

E
D

E
IA

 C
on

so
rt

iu
m

, 2
00

8-
20

09

Automation Component Model

Selected Domain Specific Views / Models

� IDEF0 

� Function Block Diagram

� Gantt Chart

� UML

� CAD (Robot Configurator)

� Hardware Description Editor (FDCML)

Selected Platform Specific Views / Models

� IEC 61131-3, SFC & FBD (OpenOrchestra, logi.CAD)

� IEC 61499 (4DIAC)

� C (not further implemented)

� VHDL (not further implemented)
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Flexible Design Flow
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Engineering Example

Target application: Sorting different parts
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Engineering Example

Target application: Sorting different parts

High Level Planning – Functional

DSV – Gantt Chart AC-Model
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Engineering Example

Target application: Sorting different parts

Detail Planning – Part Recognition

DSV – Adoculos AC-Model
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Engineering Example

Target application: Sorting different parts

Detailed Planning – Handling Unit

DSV – Step Sequence AC-Model
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Summary and Outlook

Summary

� MEDEIA aims to optimize the engineering flow for the design of 
industrial automation and control systems

� A formal framework is proposed on basis of the main element 
“Automation Component”

� The MEDEIA approach integrates diagnostics, simulation and 
verification

Outlook

� A basic design framework will become available for the public as 
open source solution

� The plan is to have the first version available in Fall 2009
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Agenda

Time Subject Responsible

08:45 Meet at SPS/IPC/Drives 2009 - CN West, Level 2, Exhibition Centre Nuremberg

09:00 – 09:05 Welcome and Introduction PROFACTOR

09:05 – 09:20 Project Presentation PROFACTOR

09:20 – 09:40 DSM to ACIM Model-Transformation PROFACT OR

09:40 – 10:00 ACIM to PSIM Model-Transformation PROFACTOR

10:00 – 10:20 Concept of Integrated Diagnostics TU Vienna

10:20 – 10:40 Coffee Break

10:40 – 11:00 Simulation, Tests and Verification TU Vienna

11:00 – 11:20 Demo logi.cals / PROFACTOR

11:20 – 12:00 Questions, Feedback and Discussion All

12:00 Workshop end

Project No. FP7-ICT-2007-1-211448
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DSM to ACIM Transformations

Speaker: Martijn Rooker / PROFACTOR

Public MEDEIA Workshop @ SPS/IPC/Drives 2009

Place: Nuremberg, Germany

Date: 25th November 2009
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Domain Specific Views
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DSV Methods

List of DSV methods and tools integrated into the M DEF

DSV Method DSV Tool / Engineering Environment License
Structured Analysis and 
Design – Integration  
Definition for Function 
Modelling (IDEF0)

Microsoft Visio IDEF0 Stencil 
(www.microsoft.com) 

Commercial

Function Block Diagram 
(FBD)

logi.cals Austria kirchner SOFT 
logi.DOC/logi.CAD (www.logicals.com, FBD 
tool from partner KIRCH)

Commercial

Gantt Chart Microsoft Excel and/or Microsoft Visio Gantt 
Chart Stencil (www.microsoft.com)

Commercial

UML Class Diagram StarUML (staruml.sourceforge.net) Open Source
UML Activity Diagram StarUML (staruml.sourceforge.net) Open Source
UML Sequence Diagram StarUML (staruml.sourceforge.net) Open Source
UML State Chart Diagram StarUML (staruml.sourceforge.net) Open Source
UML Use Case diagram StarUML (staruml.sourceforge.net) Open Source
RobotConfigurator Viro-Con (www.schunk.de, from partner 

SCHU)
Commercial
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Gantt Chart

Description Gantt Chart

� Bar chart illustrating a 
project schedule

� Also available for process
planning

� Overview of seperate tasks

� Duration of tasks

� Execution order of process

Public MEDEIA Workshop @ SPS/IPC/Drives 2009 Slide 27Nov. 25, 09
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Gantt Chart

Gantt Chart Metamodel
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Gantt Chart

Gantt Chart to Behaviour Model Transformations
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Gantt Chart Element ACIM Element
GanttChart AdditionalModelInformation

MEDEIAAutomationProject
Task Component / Constraint

Milestone Constraint
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Robot Configurator

Description Robot Configurator

� Development of 
robotic systems 
with PowerCubes

� Check different robot
configurations

� Motion configurations 
based on trajectories
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Robot Configurator

Trajectory metamodel Bill of Material metamodel
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Robot Configurator

Library metamodel
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Robot Configurator

Robot Configurator Trajectory to Behaviour Model Tr ansformations

Robot Configurator BoM to Behaviour Model Transform ations
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Robot Configurator Element ACIM Element
Trajectory Component

Robot Configurator Element ACIM Element
ModuleList not relevant

Module Component
Parameter BehaviourSpecification / 

BehaviourImplementation
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Robot Configurator

Robot Configurator Library to Execution System Mode l 
Transformations

Public MEDEIA Workshop @ SPS/IPC/Drives 2009 Slide 34Nov. 25, 09

Robot Configurator Element ACIM Element
Library not relevant

ConnectorType not relevant
Body not relevant

Parameter Function
Property Function
Shape not relevant
Option Function

Hull not relevant
ParameterValue Function

Connector not relevant
Compatible not relevant

BodyInstance not relevant
Module Device / Module

Joint not relevant
Connectivity not relevant
ModuleClass not relevant
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Agenda

Time Subject Responsible

08:45 Meet at SPS/IPC/Drives 2009 - CN West, Level 2, Exhibition Centre Nuremberg

09:00 – 09:05 Welcome and Introduction PROFACTOR

09:05 – 09:20 Project Presentation PROFACTOR

09:20 – 09:40 DSM to ACIM Model-Transformation PROFACTOR

09:40 – 10:00 ACIM to PSIM Model-Transformation PROFAC TOR

10:00 – 10:20 Concept of Integrated Diagnostics TU Vienna

10:20 – 10:40 Coffee Break

10:40 – 11:00 Simulation, Tests and Verification TU Vienna

11:00 – 11:20 Demo logi.cals / PROFACTOR

11:20 – 12:00 Questions, Feedback and Discussion All

12:00 Workshop end

Project No. FP7-ICT-2007-1-211448
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Speaker: Thomas Strasser / PROFACTOR

Public MEDEIA Workshop @ SPS/IPC/Drives 2009

Place: Nuremberg, Germany

Date: 25th November 2009

ACIM – Platform Specific Implementation 
Transformation
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Summary

� Context

� Execution Platforms

� Languages

� Formats

� Hardware Description

� Distribution & Mapping
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Slide 38

Context
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Slide 39

Execution Platforms

Public MEDEIA Workshop @ SPS/IPC/Drives 2009Nov. 25, 09

FPGA

Industrial PC

Embedded
System

PLC
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Slide 40

Languages
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Computer Programming
Languages (e.g. C)

IEC 
61131-3

IEC 
61499

Hardware Programming
Languages (e.g. VHDL)
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Formats
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PLCopen XML IEC 61499 XML

Textual

Proprietary
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Slide 42

Hardware Description

Internal structure
� Processor
� Memory
� Bus
� Cards
� …

Public MEDEIA Workshop @ SPS/IPC/Drives 2009Nov. 25, 09

Communication Interface
� Network
� Segments
� Links
� Protocols
� …

Process Interface
� Port
� Slots
� Memory Address
� Fieldbus
� …

Execution Environment
� Operating System
� Run-time
� Library
� Execution Model
� …
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Slide 43

Distribution & Mapping
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Input/Output

Logical

Physical
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Agenda

Time Subject Responsible

08:45 Meet at SPS/IPC/Drives 2009 - CN West, Level 2, Exhibition Centre Nuremberg

09:00 – 09:05 Welcome and Introduction PROFACTOR

09:05 – 09:20 Project Presentation PROFACTOR

09:20 – 09:40 DSM to ACIM Model-Transformation PROFACTOR

09:40 – 10:00 ACIM to PSIM Model-Transformation PROFACTOR

10:00 – 10:20 Concept of Integrated Diagnostics TU Vienna

10:20 – 10:40 Coffee Break

10:40 – 11:00 Simulation, Tests and Verification TU Vienna

11:00 – 11:20 Demo logi.cals / PROFACTOR

11:20 – 12:00 Questions, Feedback and Discussion All

12:00 Workshop end
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Integrated Diagnostics

Speaker: Ingo Hegny / TU Vienna

Public MEDEIA Workshop @ SPS/IPC/Drives 2009

Place: Nuremberg, Germany

Date: 25th November 2009
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Summary

� Overview on Diagnostics

� Diagnoser Automaton

� DESUMA - UMDES

� Timed Diagnosis Executor (TiDE)

� Industrial Example: Pallet Changer

� Conclusions
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Diagnostics:
Observe the system evolution in order to identify and isolate possible 
occurred faults and malfunctions

Objectives:
• Maintenance time reduction
• Fast isolation

Overview on Diagnostics

• Productivity increase
• Safety increase
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Diagnoser Approach

Diagnoser: Model-Based diagnostic approach based on FSM (Finite State 
Machine) for DES (Discrete Event Systems)

� Plant model
� Control model                Diagnoser Synthesis
� Fault partition

Timed Diagnostics:
� Time-out concept � “time to response” control

Control model:
� Nominal Behaviour: no fault occurred
� Failed Behaviours: one or more faults occurred

TDA:
Timed

Diagnosis 
Automata
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DESUMA – UMDES package:

� Developed at Michigan University
� Set of tools and libraries to analyze DES (Discrete Event System)

DESUMA - UMDES

DESUMA GUI
DIAGNOSTIC MODELS

TDAUMDES
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Timed Diagnosis Executor (TiDE) –
MEDEIA implementation proposal:

1) Diagnostic model (TDA) loading

2) TDA translation (2.1) and
execution (2.2)

3) System signals observation

4) Signal sampling and
“in event” conversion

5) System state reconstruction

6) Possible occurred faults
report

Timed Diagnosis Executor (TiDE)

1

2.1

3

4

56

2.2
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Industrial Examples:

� Pallet Changer
• ZRotator

•2 x Outputs + 2 x Inputs
• ZTranslator

•2 x Outputs + 4 x Inputs
• LockPieces

•4 x Outputs + 18 x Inputs

Industrial Example – Pallet Changer
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Pallet Changer – AC “ZTranslator”:
� 2 Electric Valves (YV577 “low” – YV578 “high”)

� 2 Micro Sensors (SQ271 “low” – SQ272 “high”)

� 2 Functions (MoveUP – MoveDOWN)

Industrial Example – Pallet Changer

TIMED
DIAGNOSTIC

MODEL (TiDiaM)

���������
��������	
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Diagnostic 
Control Model

ACM 
Control Model

Diagnostic 
Plant Model

ACM 
Plant Model
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Integrated Diagnostics Module Implementation:

Industrial Example – Pallet Changer

A first prototype/example for the Pallet Changer scenario
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RUNTIME
FAULT ISOLATION

Model Transformation

Model Usage

Model Storage

ACM Integration:

Conclusions

DIAGNOSTIC
CONTROL

MODEL

DIAGNOSTIC
PLANT
MODEL

TIMED
DIAGNOSTIC

MODEL (TiDiaM)

TIMED
DIAGNOSIS

EXECUTOR (TiDE)
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Agenda

Time Subject Responsible

08:45 Meet at SPS/IPC/Drives 2009 - CN West, Level 2, Exhibition Centre Nuremberg

09:00 – 09:05 Welcome and Introduction PROFACTOR

09:05 – 09:20 Project Presentation PROFACTOR

09:20 – 09:40 DSM to ACIM Model-Transformation PROFACTOR

09:40 – 10:00 ACIM to PSIM Model-Transformation PROFACTOR

10:00 – 10:20 Concept of Integrated Diagnostics TU Vienna

10:20 – 10:40 Coffee Break

10:40 – 11:00 Simulation, Tests and Verification TU Vienna

11:00 – 11:20 Demo logi.cals / PROFACTOR

11:20 – 12:00 Questions, Feedback and Discussion All

12:00 Workshop end
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Agenda

Time Subject Responsible

08:45 Meet at SPS/IPC/Drives 2009 - CN West, Level 2, Exhibition Centre Nuremberg

09:00 – 09:05 Welcome and Introduction PROFACTOR

09:05 – 09:20 Project Presentation PROFACTOR

09:20 – 09:40 DSM to ACIM Model-Transformation PROFACTOR

09:40 – 10:00 ACIM to PSIM Model-Transformation PROFACTOR

10:00 – 10:20 Concept of Integrated Diagnostics TU Vienna

10:20 – 10:40 Coffee Break

10:40 – 11:00 Simulation, Tests and Verification TU Vienna

11:00 – 11:20 Demo logi.cals / PROFACTOR

11:20 – 12:00 Questions, Feedback and Discussion All

12:00 Workshop end

Project No. FP7-ICT-2007-1-211448
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Simulation, Test Case Generation 
& Verification

Speaker: Ingo Hegny / TU Vienna

Public MEDEIA Workshop @ SPS/IPC/Drives 2009

Place: Nuremberg, Germany

Date: 25th November 2009
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Agenda

� Motivation

� MEDEIA Design Flow

� Simulation

� Test Case Generation

� Verification

� Conclusion
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Motivation

Simulation

� Validation of different variants

� Parallelise development in different domains

Test Case Generation

� Validation of control code on target platforms

� Improve software quality

Verification

� Early detection of possible problems (e.g., mapping, execution time)

� Improve software quality

Common goals

� Shorten commissioning phase

� Shorten overall project duration
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MEDEIA Design Flow
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Simulation

Using code generators for control application (targ et platforms)

� IEC 61499

� IEC 61131-3

IEC 61499 – simulation framework

� Targeted User group: control engineers

� Hierarchical structure of ACs used for structuring control application

� Encapsulation of plant interface in I&C points

� Timed state machine as plant behaviour description

� Linking levels via adapters

Hybrid simulation

External simulation tools

� Integration tool specific

� Tool specific model included in ACIM
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Full Simulation
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Hybrid Simulation
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Control 
Device

(IEC 61499)

I/O-
Access

Control 
Device

(IEC 61131)

I/O-
Access
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Operational plant
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Control 
Device

(IEC 61499)

I/O-
Access

Control 
Device

(IEC 61131)

I/O-
Access

©
 T

he
 M

E
D

E
IA

 C
on

so
rt

iu
m

, 2
00

8-
20

09

1st prototype
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Test Case Generation

Target: Single Automation Component

Interface behaviour of Automation Component specifie d

Generation of test cases for target execution syste m

Test frameworks available for 2 target platforms: 

� 4DIAC FORTE (IEC 61499)

� logi.cad/logi.rts (IEC 61131-3)
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Verification

Target: Single Automation Component

Sources of possible inconsistencies
� Reuse of existing Automation Components (contained ACs)
� Mapping of functionalities

Available Data
� Timing specified in Automation Component Model
� Measurement results (tests) – specific for target platform

Model Checking
� Automated verification of timing behaviour
� Conceptually allow verification of system (additional data on 

execution system necessary)
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Conclusion

Simulation framework

� Based on industrial automation standards

� For control engineers

� Integration of external industrial used simulation tools

Test case generation

� Automatically from behaviour specification

Verification

� Automatic verification of timing for single Automation Component
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Agenda

Time Subject Responsible

08:45 Meet at SPS/IPC/Drives 2009 - CN West, Level 2, Exhibition Centre Nuremberg

09:00 – 09:05 Welcome and Introduction PROFACTOR

09:05 – 09:20 Project Presentation PROFACTOR

09:20 – 09:40 DSM to ACIM Model-Transformation PROFACTOR

09:40 – 10:00 ACIM to PSIM Model-Transformation PROFACTOR

10:00 – 10:20 Concept of Integrated Diagnostics TU Vienna

10:20 – 10:40 Coffee Break

10:40 – 11:00 Simulation, Tests and Verification TU Vienna

11:00 – 11:20 Demo logi.cals / PROFACTOR

11:20 – 12:00 Questions, Feedback and Discussion All

12:00 Workshop end
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Demo

Speaker: Thomas Strasser / PROFACTOR – Mario Semo / logi.cals

Public MEDEIA Workshop @ SPS/IPC/Drives 2009

Place: Nuremberg, Germany

Date: 25th November 2009
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Demonstrator

Overview of the MEDEIA Design and Engineering Frame work
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Open Source MEDEIA Design and Engineering Framework

� Provision of a Basic MDEF as Open Source Solution

� Provided as a set of different Eclipse Plug-ins

� Open source license: Eclipse Public License v1.0

� Integration of Enterprise Service Bus (ESB) concept

� Provision of the MEDEIA meta-model (CAEX / XML 
persistence format)

� Hosted at SourceForge under http://sourceforge.net/projects/medeia

� First version available since begin of November 2009

� Second improved version will be available at the end of March 2009
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Demonstrator
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Trade Fair Demonstrator

� Hardware set-up based on Schunk PowerCubes

� 3 axis robot configuration

� 1 IPC (Siemens MicroBox) equipped 
with an IEC 61499 RTE (FORTE)

� Communication via CAN 

� Software set-up (model-transformation)

� Robot Configurator

� Basic MDEF (Open Source)

� MESM (Mule)

� IEC 61499 environment 
(FORTE / 4DIAC-IDE)
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Demonstrator
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Agenda

Time Subject Responsible

08:45 Meet at SPS/IPC/Drives 2009 - CN West, Level 2, Exhibition Centre Nuremberg

09:00 – 09:05 Welcome and Introduction PROFACTOR

09:05 – 09:20 Project Presentation PROFACTOR

09:20 – 09:40 DSM to ACIM Model-Transformation PROFACTOR

09:40 – 10:00 ACIM to PSIM Model-Transformation PROFACTOR

10:00 – 10:20 Concept of Integrated Diagnostics TU Vienna

10:20 – 10:40 Coffee Break

10:40 – 11:00 Simulation, Tests and Verification TU Vienna

11:00 – 11:20 Demo logi.cals / PROFACTOR

11:20 – 12:00 Questions, Feedback and Discussion All

12:00 Workshop end
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Questions, Feedback and Discussion

MEDEIA Questionnaire
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Agenda

Time Subject Responsible

08:45 Meet at SPS/IPC/Drives 2009 - CN West, Level 2, Exhibition Centre Nuremberg

09:00 – 09:05 Welcome and Introduction PROFACTOR

09:05 – 09:20 Project Presentation PROFACTOR

09:20 – 09:40 DSM to ACIM Model-Transformation PROFACTOR

09:40 – 10:00 ACIM to PSIM Model-Transformation PROFACTOR

10:00 – 10:20 Concept of Integrated Diagnostics TU Vienna

10:20 – 10:40 Coffee Break

10:40 – 11:00 Simulation, Tests and Verification TU Vienna

11:00 – 11:20 Demo logi.cals / PROFACTOR

11:20 – 12:00 Questions, Feedback and Discussion All

12:00 Workshop end
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Thanks for your attention!

Contact Co-ordinator

Dr. Thomas Strasser

PROFACTOR GmbH

Im Stadtgut A2

4407 Steyr-Gleink, AUSTRIA

+43 (0)7252 885309

thomas.strasser@profactor.at

www.profactor.at


