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1 Executive Summary

This document collects the information necessary for the automatic generation of platform specific
implementations of control applications, with particular reference to the following aspects:

e The current process of implementing a control application.
e The technical aspects of the current solutions.
e The main topics and expectations concerning this aspect of the MEDEIA project.

The industrial partners of the project and the task leader prepared most of this work, thereby allow-
ing various industrial automation fields to be included. In order to guide and organize their contribu-
tions, questions at different levels were prepared and structured into two main documents; the indi-
vidual answers to these questions are collected in the following chapters:

e The Current Situation Overview (chapter 4) summarizes the current design and implemen-
tation processes, and lists the currently used tools, languages and platforms.

¢ The Requirements Overview (chapter 5) summarizes the platform - specific information that
the MEDEIA solution should treat, store and output; and the expected functionalities.

o Key Technical Information (chapter 6) describes the technical details of each implementa-
tion, presenting also some open source and commercial platform - specific approaches.

The analysis of the answers, which is presented in chapter 7, shows that:

¢ The platform - specific implementation of control applications is usually done by hand.

¢ The translation of the design specification to a platform specific implementation is usually
left to the programmerd sxperience and competence; no codified rules exist currently.

e The classical Programmable Logic Controller (PLC) world dominates the platform - specific
scene, although platforms and languages from the computer world are also used for im-
plementing control applications.

¢ In both cases there is not much visibility into the technical aspects of the implementations.

The consequences of the current state for the MEDEIA project can be summarized as follows:

e The MEDEIA project must pioneer the automation of the transformation process from a
Domain Specific View (DSV) to a Platform Specific Implementation (PSI), passing through
the MEDEIA model, including in case the configuration and customization of the transfor-
mation rules.

¢ In most cases automatically generated platform - specific implementations will be further
treated with third partiesétools and will have to be compatible with their persistence format.

e At least a subset of the changes that is possible to make with platform - specific third par-
ties tools should be copied back into the MEDEIA model (reverse engineering).

e The MEDEIA model could act as a data repository with a copy or external links to platform -
specific information, like hardware configuration, handled by third partiesétools.

¢ An interesting feature, which the MEDEIA model should support for simulation purposes, is
the mapping of control application parts to generic hardware definitions.

e Platform specific implementations that could be approached during the project timeframe
are presented in chapter 8. Open standards, like the PLCopen XML solution for the IEC
61131-3 standard and / or the IEC 61499 model are very interesting, but also standard
computer languages could also be considered.

Deliverable: D3.2 Revision / Status: released 8 of 118
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2 Context Information
2.1 Purpose and Scope of this Deliverable Report (D3.2)

One of the main problems in the design and implementation of automation control systems is that
the products of these two activities areno6t

conn.

hence required, with adoption of wunwritten and pr

and preferences, leading to an ensuing high potential risk for errors and misunderstandings.

The main idea behind the MEDEIA project is to connect the results of the specification phase of an
automation control solution to the required implementation results for the control solution automati-
cally. To achieve this goal, a common element, the Automation Component Model (ACM), is intro-
duced between the specification and the implementation elements of a plant automation system
design both for bridging the gap between these different element types, and also for acting as a
common repository for various users and domains recording their special ways of specifying and
implementing any given solution.
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Figure 1: Bridging the gap between specification and implementation

One of the main objectives of the MEDEIA project is the research and development of an automat-
ic code-generation module for the deployment of control logic and software to heterogeneous em-
bedded automation hardware. We begin from a definition of Automation Component (AC) elements
[1]. Using this approach enables different platforms to be supported thanks to dedicated transfor-
mations in so-called Platform - Specific Implementations (PSIs).

The basis for the specification of the ACM and the definition of the characteristics of such modules
for the automatic code generation is an analysis of domain specific views and of embedded plat-
form specific implementation approaches.

For this reason Work Package (WP) 3, of which this deliverable report is part, has the following
goals:

Deliverable: D3.2 Revision / Status: released 9 of 118
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The general specification of the formal design framework,

The development of the proposed design flow/process,

The general specification of the AC meta-model,

The general specification of the diagnostics model, and

The general specification of the system and hardware device model.

Inside WP 3, Task 3.2 has the purpose to provide an overview of different implementation possibili-
ties in the field of Industrial Automation and Control Systems (IACS) and to extract a list of the
main topics concerning to specific embedded platforms which utilize individual ways of program-
ming and system environments, hence supporting the previously stated goals at the Work Package
and Project levels focused on the aspects regarding the right side of the previous figure.

The scope of this deliverable report includes the implementation of single ACs and of Systems
made up of ACs on specific platforms, particularly by the industrial partners of the project.

This task is carried out by SUPSI and is supported by the technology provider KIRCH and the in-
dustrial end-users MCM, SCHU and EDF. O3NEI also collaborated, providing a valuable contribu-
tion to this document collecting platform specific information from a cluster of companies in the
domain of automated packaging machines.
This task also contributes to the M3.1 MEDEIA project milestone that has been defined to be:

e Ma3.1: Design method documented (Month 14).
The information that has been collected here references the use-cases and requirements collected
in [2], and this information will be also used as a source for the MEDEIA activities that will be car-
ried out in the WP4 (Design Framework Specification) and WP5 (Prototypic Framework Implemen-
tation).
2.2 Tasks for carrying out Deliverable Report (D3.2)

The following tasks have been carried out to create this overview document. The right column
shows which content was contributed and by whom:

Table 1: Partnersodé contributions

Task Description Contributor

General (document structure, contents organizations and review, executive summary, introduc-
tion, questions, analysis, topics, conclusions, etc.).

Task activities management (meetings, guidance questionnaire, and topics framework). SUPSI
Distributed Automation Engineering Domain technical information.

Open source and commercial solutions technical information.

Applications characteristics, environment and modelling for the general process automation.

] ] KIRCH
Technical review of the document.
Applications characteristics, environment and modelling for the manufacturing domain. MCM
Applications characteristics, environment and modelling for the power generation and distribu- EDE
tion domain.
Applications characteristics, environment and modelling for the robotics domain. SCHU
Applications characteristics, environment and modelling for packaging machine builders. O3NEI

Syntactical review of the document.

Deliverable: D3.2 Revision / Status: released 10 of 118
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3 Introduction

This chapter briefly lists the activities performed inside Task 3.2 and documented by this delivera-
ble.

In order to understand which kind of information should be put in the various MEDEIA models, and
which kind of variability should be handled by an automatic code generation module, it is neces-
sary to have a picture of the current implementation status of various applications: that is an un-
derstanding of how and why they are written, structured, executed as they currently are.

Even in a single industrial domain it is important to understand if applications can be classified un-
der families, highlighting their commonalities but retaining also the descriptions of their variability.

Hence this document deals with the identification and analysis of platform specific implementations
of automation systems within the domains targeted by the MEDEIA project:

Machine Tools and Flexible Manufacturing Systems,
Packaging Machine Builder,

Power Generation and Distribution,

Robotics and

General Process Automation Engineering.

In order to collect the information from the different industrial partners and domains in a compara-
ble manner, two set of questions have been prepared by SUPSI and submitted for response to the
industrial partners:

e Guidance Questionnaire: these guestions are organized in two parts: the first one guides
the industrial partner in the description of its current design and implementation process, of
the used tools, languages and platforms. The second part investigates the expected func-
tionalities and output from the MEDEIA tool in terms of platform - specific implementations,
requiring all the necessary technical information.

e Topics Framework: these questions are very technical and constitute a more detailed anal-
ysis for the cases outlined above where MEDEIA has to generate platform - specific code
ready to be run in a dedicated environment. Of this framework a first general version was
prepared. After some feedback from the project partners, a second, more detailed and final
version was developed in the form presented in Annex 4.

The Topics Framework has also been rearranged and published on the Internet by parther O3NEI
as an online survey for gathering information from its packaging cluster partners.

The Annexes at the end of this document contain a description of the guidance questionnaire (An-
nex 3) and of the topics framework (Annex 4) used for collecting the information of this deliverable.

Chapter 4 provides an overview of the answers from every partner to the first part of the Guidance
Questionnaire, summarizing;

¢ the current design and implementation processes, and
e the tools, languages and platforms currently used for implementing a platform - specific
control application.

Chapter 5 provides an overview of the answers from every partner to the second part of the Guid-
ance Questionnaire, summarizing their expectations for the functionalities of the MEDEIA tool, the
information that the tool should treat and store, and how the tool should integrate with other tools in
the domain of implementing platform specific applications.

Deliverable: D3.2 Revision / Status: released 11 of 118
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Chapter 6 provides a deeper description of the key technical aspects related to the platform - spe-
cific implementations of every partner, which are necessary for implementing the ACM and the au-
tomatic code generation module of the MEDEIA tool.

Chapter 7 summarizes and analyses the results collected from the various sources using the pre-
pared questionnaires, and extracts topics to be considered for the work in the following work-
packages.

Chapter 8 focuses on some possible choices that can be considered for the output of the MEDEIA
tool in order to produce platform - specific implementations.

Chapter 9 summarizes the conclusions about the process and the results of the work done inside
task 3.2 in order to prepare the contents of this deliverable and to extract the key technologies and
the main topics for generating platform specific implementations.

Chapter 10 collects all the references used in the document.

Chapter 11 contains the annexes of the document, particularly the list of figures, the list of tables,

the original guidance questionnaire and the second version of the topics framework used for col-
l ecting the partnersd contributions to this task.

Deliverable: D3.2 Revision / Status: released 12 of 118
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4  Current Situation Overview

This chapter contains an analysis of the processes the project industrial partners use for develop-
ing control applications in their specific domains. For a detailed description of the various domains
considered here please refer to [2]. The current situation description includes information about the
tools, languages and platforms currently used.

4.1 Machine Tools and Flexible Manufacturing Systems Domain current situation

4.1.1 How do you currently write a platform specific implementation of a control applica-
tion?

MCM manually translates the model into code.

4.1.2 Which are the relationships between your design and implementation information?
The design model is described using textual documents, as described in [3], and then is directly
coded. There are no written rules or policies for doing this work, it up to the individual programmer
to translate the design to the implementation.

4.1.3 How do you map and connect your control code to a specific control platform?

MCM uses dedicated, proprietary software tools to compile and deploy the code to the control plat-
form.

4.1.4 Which tools are you using for modeling/writing/mapping your applications?
e For modeling: word processors like Word or Open Office.
e For writing: Eclipse IDE, text editors, PLC IDE.
e For mapping, compiling and deploying: dedicated proprietary tools like PLC IDEs.
4.1.5 Which languages are you using for implementing your applications?
MCM uses the IEC-61131 languages, ANSI C and Java.

4.1.6 Which specific platforms are you using for running your applications?

FANUC CNC and PLC, Siemens PLC, D-electron integrated PLC, Pro-face PLC; Orchestra for re-
search purposes.

Deliverable: D3.2 Revision / Status: released 13 of 118
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4.2 Packaging Machine Builder Domain current situation

The Guidance Questionnaire unthe ©3naida altster ngembera.s n 6 t
Nevertheless the following general information about classes of approach to the design and im-
plementation problem was gathered or could be indirectly derived from three cluster members.

Generally speaking O3neida industrial partners range from implementer of their own specific plat-
forms to outsourcer of the implementation part.

4.2.1 How do you currently write a platform specific implementation of a control applica-
tion?

All three members manually translate the model into code.
4.2.2 Which are the relationships between your design and implementation information?
The design model is described using textual documents and UML diagrams and then is directly
coded. The three partners present very different approaches regarding the transformation from de-
sign to implementation:
e Single supplier for all the components in the automation chain, no organized design & de-
velopment process.
e Best of the market for every automation component, sophisticated internal rules for design
& development.
e Internally developed proprietary components, very well organized design & development
process.
4.2.3 How do you map and connect your control code to a specific control platform?

Two members use commercial software tools to compile and deploy the code to the control plat-
form; one develops its components internally.

4.2.4 Which tools are you using for modeling/writing/mapping your applications?
e For modeling: word processors, UML tools.
e For writing: text editors, PLC IDE.
¢ For mapping, compiling and deploying: dedicated proprietary tools like PLC IDEs.
4.2.5 Which languages are you using for implementing your applications?
Two members use the IEC-61131 languages, one uses ANSI C.

4.2.6 Which specific platforms are you using for running your applications?

Two members use commercial PLCs, one uses proprietary embedded platforms.

Deliverable: D3.2 Revision / Status: released 14 of 118
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4.3 Power Generation and Distribution Domain current situation

4.3.1 How do you currently write a platform specific implementation of a control applica-
tion?

Referring to the EDF development lifecycle shown in figure 2, four main steps can be identified:

i * Non formal text
7 * Diagrams
* P&ID
* User oriented PN
Acceptance Test
* Tests procedu;
= * Criteria
2 Power plant Operation & * scenarii
3 :
= Maintenance Requirements I, " Validation of the Operation &
g - System on site Maintenance
g * Non formal text 5
2| Verification | * Norms & Standards E
S (simulation) | * Functional Diagrams, UML,Grafcet... a
E * Service oriented functions Acceptance Test :3
5 * Technical & Architecture Requirements 5
K .
T .
Validation Tests—__".". 7. """ttt L L T L T T .
on Regression Tests
) Validation on . 1&C System
1&C syslem ........ IR > = platform IR N Modernisation/
Specification ¥~ 92°5%5°0%5 %0 00 % Pt L B ) .
T OB e e R S e~
el Verification [ oottt Tt T T T A T T T e o
.". (simulation, formal proof Verification N
elleleeels Syérém'A}cbnéciuie i (simulation, formal proof) | Existing I&C,
ArAa a . a e .| System Evaluation
Allocation. - S
T\ NS\ /)  Module-design: - - - e e e e /e -
Bl \ e N
= E
2 Integration, Tests - ) 5
8 1&C System a
G 0 OO0 12c system OO0 0 NOSPNIN 7] modification Design 2
: :
S| ol T T s T m=Integration Tests - s s s oA s s s TS L o @
I
o
I&C Systems Implementation [~ |*IEC®1131" T T ° 1&c 5|)/519|m5 modifications
mplementation
= e
Figure 2: EDF6s development | ife cycle

¢ Implementation of all I&C functions at a logical level: allocation on a functional architecture
(Platform independent) of the different functions according to their requirements (Safety,
modul arity ¢é). This work is done manually.

The implementation of all the I&C functions at a logical level is for validation of these func-
tions with respect to the high level requirements (defined at the operation level) by simula-
tion, but generally without time constraint (without platform characteristics): at this level,

EDFusesMat | ab/ Si mul i n@,in tHe Mrevibus figure.eModels of power plant
devi ces (valves, control aandsé) can be used for

¢ Allocation of the different functions on generic technical functions and specification of their
characterization. Also this work is done manually.

From the specification of each 1&C function, EDF specifies the possible impact on the ge-
neric technical functions (acquisition, ecommu ]
garding:

0 The safety behaviour such as:
A On internal fault.
A On power loss.
A é
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0 The architecture such as:

A Functional redundancy not in the same platform (for example in two different
cabinets or racks).

Functions exchanging a large amount of information: in the same platform
Safety function in redundant platforms.

Input/output allocation with some rules: redundancy sensors on different In-
putmodu | e s é

>>> >

e EDF collects all these requirements together with 1&C functional and operational specifica-
tions (Functional Di agr ams, textsé. . )Thesahd | &
steps (progressive enrichment from step 1 to step 3) are part of the 1&C System Require-

ments specification document (for bid proposal) which is generally in a MS Word format
.This work is also done manually.

e Implementation of each control application on each target is done using s up p | CAEr & s
tools. The implementation process is done by the suppliers, so EDF has no idea about
which rules or policies are followed for transforming the design to an implementation.

4.3.2 Which are the relationships between your design and implementation information?
As already stated the transformation procesm
k-

pliers and is out of the EDF®&s c¢ont rbyEDF foldhex
ing the consistency between design and implementation:

from
follo

e General verification and validation.

e Test of /O mapping.

e Available reserve (1 /0, CPU loadé) verificatio
e Functional test.s (I /O behaviorée¢)

e Performance tests (response timeé)

¢ Dysfunctional tests (defaults such as power | o

4.3.3 How do you map and connect your control code to a specific control platform?

This is manually done by the supplier using his CAE tools. The supplier is responsible of the quality
rules he wants to apply. HOAE teval, frameowr spEcifiéfion iéd Micrae o d e w
soft Word format.

He has to respect general constraints specified in the 1&C System specification document, such as:

Allocation (architecture constraints).

Max CPU load: 80 %.

Bus | oad, | / O modules sizingé
Response time >> CPU or task cycle time.

4.3.4 Which tools are you using for modeling/writing/mapping your applications?

Microsoft Word for writing specifications,

Microsoft Visio for schemas and diagrams,

UML tools,

DFA (Diagrammes Fonctionnels Analogiques) and DFL (Diagrammes Fonctionnels Lo-
giques) editors as described in [3], and

e Matlab/Simulink.
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4.3.5 Which languages are you using for implementing your applications?

61131-3,
VHDL,

C,

C++, and
Java.

4.3.6 Which specific platforms are you using for running your applications?
PLC,

DCS,

FPGA, and

Computer.

In the following text a small practical example, which covers the whole design and development
cycle down to the source code, is given.

¢ High level specification phase.

* The system RGL (Rod Control) and its environment are designed. Five functions are iden-
tified (at a high level) inside the Rod Control.

Salle de i TCI

Commande Traitement et
pupitres et consignation des

tableaux informations

o i

GRE

régulation turbine

Controle-Commande RGL a
rénover

- Logique de contréle

- Logique ESP

- Logique de traitement de
position

SIP RGL
Régulation de la
température
primaire du
réacteur

- Recalage
- DMA (Dispositif de
manoeuvrabilité accrue)

[ Alim : RAM RGL Puissance |
Relayage RGL [ Alim : LNE des ESP
permissifs | | Alim : LMA

autorisation

17

RGL Chainede | | ! Armoire |
mesure de | U ode |
position | | maintien ! |

S N

Figure3: EDFO6s exampl e l evel specific

e Breaking down phase of a high level function into functions at a logical level.

The functions and sub functions can be specified in text mode, with some drawings. For
example here follows the original description of various operating modes:

* E/4/1./ : En pilotage de type G, sur le palier CPY, les GCP se déplacent en chevauchement et sont

maniuvr®s soit automati qguement par | e DMA, soit mar
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*El4/2.] En pilotage de type G, sur | e palier CPY,
et sont maniuvr ®s (emantgepaisieSuc. manuel |

* E/4/3./ : En pilotage de type G, sur le palier CPY, le groupe R de régulation de température se dé-

place individuell ement et est manifuvr® soipar aut om
| 6op®r ateur depuis | a SdC.

* E/4/4.] : En pilotage de type A, sur le palier CPO, les groupes de régulation de température se dé-

pl acent en chevauchement et sont maniuvr ®s go0it au
ment par | dop®rateur depuis |l a SdC.

*E/4/5./:Enpi |l ot age de type A, sur |l e palier CPO, |l es gt
et sont manifuvr ®s uniguement manuel |l ement depuis |

Moreover the time behaviour is described using time diagrams, in the following example for
the overlapping mode.

ALTITUDE GROUPES (PAS)
)

SEUIL
HAUT

SEUILDE RED_OEVREMENT

SEUIL
BAS

— COMPTEUR

| CHEVAUCHEMENT

TAT:
ETATS ¢ P NP P »>ie

SEUILS S0 s1 s2 s3 s4

DE
CHEVAUCHEMENT
Figure 4: EDF6s example of time behaviour des

While in the following example the command of each Rod Control is described.

MONTEE DESCENTE

6 135 380 767__780 6 3 58 767_180

8

1 ]-| |_

0 l
tenms t

503 100 6p
1

[} o
tenms
181 By
) ) -|_
cA |_ cR|

Etat {Eta

Eat | Em | Eat] Etat EatEtaf  Eat
o 1 2 3 als o

Figure5: EDF & s e x a mpavieur for the doinmaad obeach Rod Control
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Simulation phase. Each function, when in text mode, is then translated into a format that
can be used for EDF internal simulation. The following figure shows the translation of the
i Ovleappi ngd mode to UML.

controleDefautsChevauch resultat
resultat
Iresultat
xACceptEventactions wdatastores
crnd_Manip005co sens
sens == ERROR

sens ==-neutre_chevauch

sens == descente_chevauch

sens == montee_rhevalch

arshy
ag
Morteathevauch 9| lire_autorisation resultat J8 i i
ire_seL resultat
Haut
xdatastares
vttt Iresultat RGLO10LA
Iresultat
GrSD| 99
el | i resLltat
ire_sewi
Haut «SendsignalActions resultat
info_lampe

Iresultat

resultat
descenteGroupesChevauch

rmonteeGroupesChevauch

Figure 6: EDF6s example of UML diagram for si

e Specification phase of the RGL System for Bid Proposal (functional and dysfunctional re-
guirements, operation and maintenance constr ai
supplier just receives a description in MS Word format.
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e Implementation phase by the supplier:

* Global Architecture

Figure 7: EDF6s example of gl obal architecture as

Deliverable: D3.2 Revision / Status: released 20 of 118



