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Context

= Large-Scale Engineering Projects,
e.g., hydro power plants, car
manufacturing plants, steal mills.

= Cooperation of different
engineering disciplines.

= Disciplines have specific
engineering tools.

= Manual effort required for

data exchange and
synchronization.
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Challenges in Multi-Disciplinary >
Engineering Environments

= Engineering process as sequence of exchanges
— work results between roles / domains
— Export and import of engineering know-how from/to tools

= AutomationML (AML) allows engineering data exchange, modelling and
AutomationML-based engineering
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Requirements for Engineering Tool Networks with >
AutomationML and Non-AutomationML Models

= Domain experts continue using their familiar tools
= Tailorable to organization and engineering process

= Versioned storage of tool data
= Change analysis capabilities

= Further requirements

— Representation of responsibilities and
work states in the engineering team

— Continuous visibility of progress and
risk to project management

— Notification of relevant roles on changes
to data and risk items
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AML-based Integrated Plant Model >

Discipline-specific Views Integrated Topology Tree
. . [> <AutomationML/>
= Overarching Plant Representation AR cr— | P untonTre
s 5 (Instance Hierarchy)
— captures discipline-independent view f;’, ‘
on the engineering plant B I o
— combines engineering views into one T o
AutomationML-based plant model 58 O """""" 1 N
. éug" » I = Sensor X1.1.3
=  Provides means to 1S
_— derlve dISCIpIIne'SpeCIfIC topology tree Té % "-”-_ >—|>ProductionProcess Function Tree
— maintain tool-specific view on the automated system ﬁ:’ b Produst Requirements Tros

= Facilitates consistent, easy, and efficient quality
assurance

At the core every engineering project is compatible to AML structure
— a common starting point for migration




AML Hub Data Management )

Foundation for
Third-Party Applications

Collective Intelligence
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Model Management in AML.hub >

@ Exported Tool @ File-to-Model @ Model-to-Model @Integrated Plant Topology
Data Formats ' Transformation vﬁp Transformation ﬁ_ in AML
Engineers Power User / _G)_ - _F'a:er Useﬁ > Plant
Admin = _A:j[nin-_ Planner

---------------- “"-.n~_ Plant Function Tree

() AML Folder L > > (Instance Hierarchy)

Format: xml JUPCT Lo
__l.- g\ Model: AutomationML &~ | o
O ) AML Souf‘f?-a """" AContent; Topology Information | ___oe-emttTTTT

@, ‘ AML File Al | Format: xml P (O No Transformation = .===="""" .
“AA Model: AutomationML ** @ . Feferenced by AME” Motor X1.1

O "AML Fio A2 Content: Mechanical Engineering Daia” @r 77777777777777
ne A. o -

Format: xml - Sensor X1.1.2
DAE Folder __ooeeen.
C oler  -e- ) “9=-4/\ Model: Collada « ‘ Metamodel A ‘ | Al\iletan;_odilu_ ‘ "
DAE File Z.25 Content: Interactive 3D Application e ST s X113
Format: csv e e ensor X1.1.
. EPL Folder __.cmme-===ey - -4/ Model: Table & <<= =====mee . Instanceor InstEnee0r oot
| EPL File eplan e _{- — Model AML rﬁ B
.- 8 4 >—1>

' PLC Folder __.oceeee.._] | Format:csv .- L]
N e *+#\ Model: Table «- Model Transformation
3 PLC File opm Content: Hardware & Software Signals

________________ [>—> Production Process Function Tree

IS () Documentation Folder. ..._.__] -\ Format: pdf @
T 'PDF Flles Modebnone o ___...cesemmotoo ] )

Content; unknown *

‘_‘»—D Product Requirements Tree

No Transformation

1. File Format Analysis 3. Model-to-AML Transformation
2. File-to-Model Transformation = Models with cross-discipline information

= Requires model description 4. Merge with Integrated Plant Topology



Industrial Use Case
Findings from Engineering Hydro Power Plants

Engineering Data

Working with the data format as exported
by tools

KKS and PLC key system

Challenges

Hardware and software signals
* Multiple pin assignments

local key system matching instead of
AML-UUID matching

Engineering Process

Enforcement of Collaboration Policies
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Cooperation with external Project Partnerslogi-CdS@ -

based on non-AML models

\ = 9 - L opm_eoe.xlsx - Microsoft Excel = Z X
—/ Start Einfiigen Seitenlayout Formeln Daten Uberpriifen Ansicht Engineering Object Editor '@) -9 X
C B+, Show Changes |47 Show Sidebar| | /@, Hide unchanged rows [2] Show Shadow-Copy L, Configuration
ﬂ’] Check-In ) Revert Changes 2 Switch View @k Hide unchanged columns @ View Exceptions [0} @IAbout
C X Stop Version-Control || B Cleanup Sheet Qshow all cells State: AnalysingChanges
Version-Control Visibility Debugging
| G7 - fe | xM10 -
A B C D E F| G H 1 J K L M N Detailed change-information ¥ X
1 [FUNC  RANGE L0 L1 L2 13 sIG LNK NEWNAME DEFAULT LK_DS LK_CAT LK_PREP LK_ENV| | changes 7] select f deselect all
2 | Process1704 1 BAA10 CE200 XMO08 LNK_1703 DV 1703 8 6408 0 o 0K Postion Oid New Operation
3 1 Process 1703 2 BAALOD CE200 XKMO8  LNK_250 DV_1703 1 41 o o 0 22 Process 1703 Process 1704 Modified
4 I Process1703 1 BAAlLL CE200 XM03  LNK_CAEX DV_1703 10 1273 0 o (R 1 2 Modified
& I Process1703 1 BAA10 CE201 XMO03  LNK_SIP DV_1703 9 o 1 o [ %4 BAA1D BAALL Modified
6 | Process1703 1 BAALD CEUU =g RAmOT LNR I/0Z DV 1703 8 6408 0 o O ss CE200 CE201 Modified
7| 1| Process1703 1 BAAL0 CEROO DV 1703 1 a 0 0 O 77 xves HM10 Modified
8 | 1 Process1703 1 BAA10 cHpoo | DV_1703 10 1273 0 0 E :2 LNK_CAEX ;NK-CAEY zgj;ﬁ;d
9 I Process1703 1 BAAILD CEPOO ew Value: XM10 DV _1703 9 o 1 o
10| | Process1703 1 BAAL0 CER00  xn Old Value: XM0S DV_1703 8 5408 0 0
Meadified by: localUser =
11| | Process1703 1 BAA1O0 CHPOO X ChangecIaEe: DV 1703 1 41 0 o
12| | Process1703 1 BAA1O0 CHROO XM 27.07.2011 23:22:08 DV 1703 10 1273 0 o
13 1 Process 1703 1 BAALOD CHpOO X DV 1703 9 o 1 o

= Engineering Object Editor (EOE) acts as a bridge

= EOE functions as Quality Gate
= EOE provides a user-specific view on data coming from different engineering tools
= EOE is an intelligent add-on for Excel to version engineering data

AML.hub
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Summary AML.hub logicals' <5

Most exchanged engineering models in tool iy i il
networks are not AutomationML models. T o oo T oS

With the AML.hub, engineering projects become | s :
AML-ready even if the tools do not export AML.
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Engineering with AML and SysML Data Models

= SysML is a graphical modeling language standardized by
OMG for the development of large-scale, complex, and
multi-disciplinary systems in a model-based approach.

= |t provides modeling concepts for representing the
requirements, structure, and behavior of a systems.

= Captures the overall design of a system on a high level of
abstraction and traces this design to the discipline-specific
models

= How can we connect SysML models with AML models?
= Can we use AML for exchanging SysML models?

AML



Use Case |I:

T

Exporting SysML to AML with Traceability
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SysML in a Nutshell

Additions to UML for
Requirement and Property
Modeling

Customization of UML for
structural modeling through
Classes and Composite
Structures

Block derives from
CompositeStructures::Class

For instance, Enterprise
Architect provides SysML
modeling support

pkg [Model] Example Model [Model O

E
Model
Behavior Structure Parametrics.

—
Requirements
req [Package] Requirements J act [Activity] Behavior:A0 ) bdd [Package] Structure ] par [Block] Parametrics::Analysis J
sysem | acer || L g _’,ﬁ property 1
satisfyr Ty y—' r
== camp1 || compz | | [ropery 11 | [prpery 12 ]
\ | values values
\ @ | 7] | |property 11 prnpa;tytz
\ I
v P . :
act [Activity] 2(_al:sﬁur A ) ibd [Blnfk] System )
Comp1 | :Comp2 Ii
Comp 1
IER| s
A2
\,/n
UML
Deol i UML4
men
| fp Oyt. ents SysML SysML
nteractions Classes
CompositeStructures Requirements

Activities Properties
StateMachines
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From UML/SysML to AutomationML and Back Again >

1)

2)
3)

Studied commonalities and differences between the structural modeling sublanguages
of AML (CAEX) and SysML (Block Diagrams)

Specified AML metamodel and profiles for UML and SysML
Implemented Transformations between AML and SysML (UML/SysML already available)

UNIFIED O §
PAODELING <— A M L
LANGUAGE ]

Class Diagram(s) Block Definition Diagrams (BDs) Tree-based view
Composite Structure Diagram(s) Internal Block Diagrams (IBDs) i
<~ A - -7

-—
- ’«represented by»

Lo -
o
—
—
el
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Use Case I: Exporting SysML to AML with Traceability <o

Block Definition Diagram

= Plugin for Enterprise Architect allows to
export SysML diagrams as AML files
+ trace model

= Forinstance, block maps to internal
element

= Transformation is customizable

sofctware gmbh

@ ENTERPRISE , Lieber
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ProductionSysterEvample
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™

—| «model» Systems Engineering Model
' Systems Engineering Model

# [_] Requirements Model AML Editor Tree
+ |_| Operational Domain Model ~) g Production System Example
=l ] Design Model ) [If] Robot {Class: Role:)
"‘1—‘3 Design Model Robot Tool {Class: Role:}
F B =blocks Axisl  «block» Robot Arm {Class: Role:}
* E: sblock= AX?Q A |E| Axisl {Class: Axis Role: }
" E eblocks Axis3 RU|e A Motor {Class: Motor Role:
+ = «blocks Axis4 M ¢ !
T E_ <blocks Axis5 SupportedRaleClass: EClassRoleClassLib/ECl)
T E_ «blocks AxisE SupportedRoleClass: AutomationMLBaseRold
El <blocks Motorl Internal () =g interfaces
& «block» Motor2 Element «0 MotorAn_PinA {Class: Signallnterface}
& «blocks Motor3 ~) [1E] Axis2 { Class: Axis Role:}
E_ «block= Motord ) [IE] Motor {Class: Motor Role:}
[E «block= Motor5 ~) [IE] Axis3 { Class: Axis Role:}
[E «block» Motoré ) [1] Motor {Class:Motor Role:}

@ [E «blocks ProductionSystemExample

. ~ ) [1E] Axis4 { Class: Axis Role: }
+ = «block» Robot

~ m Mator {Class: Motor Role:}

- Robotfmu i Class: At e
XIS, ass: Is Role:

# | Implementation Model ¢ . .
+ | Library v Axis6 { Class: Axis Role:}

Transformation Engine + > Tracel: [block:Axis1]--[IE:Axis1]
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Use Case Il: Visualizing AML Data

ENTERPRISE
ARCHITECT

woce [0

uniAED [y
MODELING | |
LANGUAGE |||

Plugin for Enterprise

Lieber < O

software gmbh

Architect allows to
import AML data as
AML diagrams

Different visualization
algorithms are
available

Different views can be
defined on one AML file

Data management
operations such as
diffing, merging, and
versioning available

4 AutomationML
1 AML Model
ﬁt Attribute

[TE] ttertace Class

ﬂ_E Internal Element

& Mapping Otject

ﬁ Role Class Library

ﬁ Role Class

& system nit Clase Libeary
[BE] system Unit Class

4 AwtomationML Relationships

A AML Nesting

A Base Class

7 Base System Unit Class
o7 Has Ateribute

¥ Intemal Link

A Mirrer

+7 Role Requirements

+7 Supported Role Class
Commen
Artifacts.

Mara tools ®s - PETTYORRRN * ©aict IF Datale " §*Des

¥ P [Defaut stye

AML Editor Tre

« “E Production System Example
(~) [If] Robot (Class: Role:}
. [IE] Robot Tool {Class: Role:}
E Robot Arm {Class: Role:}
(~) E Axis1 {Class: Axis Role:}
‘_:A E Motor {Class: Motor Role: }
SupportedRoleClass: EClassRoleClassLib/ECI3
SupportedRoleClass: AutomationMLBaseRald

|‘.o\ =@ [nterfaces
«0 MotorAn_PinA {Class: Signallnterface}

(~) E Axis? {Class: Axis Role:}
‘:v' [I£] Motor {Class: Motor Role:}

“A' [IE] Axis3 {Class: Axis Role:)
. (v E Maotor {Class: Motor Role: }

(~) E Axisd {Class: Axis Role:}
‘_:v [1E] Motor {Class: Motor Role:}

(v [IE] Axis5 {Class: Axis Role:}

w E Axis6 {Class: Axis Role:}

Transformation Engine
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Use Case II: Visualizing AML Data  ‘...b'eRer

ENTERPRISE

UNIFIED
MODELING

Plugin for Enterprise
Architect allows to
import AML data as

AML diagrams

Different visualization
algorithms are available

Different views can be

defined on one AML file

Data management
operations such as
diffing, merging, and
versioning available

Repository

@j .........

Check out  Version 0

More Information: www.sysml4industry.org

AML Editor Tre

-~ “E§ Production System Example
~) [IE] Robot {Class: Role:}

[IE] Robot Tool {Class: Role:}
E Robot Arm {Class: Role:}
~ E Axis1 {Class: Axis Role:}
2 (i1 Motor { Class: Motor Role:

[l

=
h

Transformation Engine




Summary
Engineering with AML and SysML

= Interoperability between different modeling
languages is needed

= Model transformations are a powerful tool to
exchange data from heterogeneous sources to AML

= Standard techniques which already available are
reused as much as possible

Lieber

software gmbh

AML
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Conclusion WIEN
= Coexistence of engineering tools exporting and importing AutomationML
models and of tools that do not yet facilitate AML is supported.
= The Integrated Plant Model ensures at the core of an engineering project e ® o
the compatibility with the AutomationML structure. o o .
: : . : ® [
= Exchange with other modeling standards originally coming from the ®
software engineering domain is possible with AML AML.hub
= Graphical multi view-based modeling/visualization facilitates to explore
large graph-based AML files
Iogl CO|S® Richard Mordinyi Manuel Wimmer Lleber
richard.mordinyi@tuwien.ac.at |ndustrmse Case manuel.wimmer@tuwien.ac.at S OTEWEPE BT
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