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Quo Vadis AutomationML

Past, present, and future
of the data exchange format




<SAutomationML/>

The PaSt The Glue for Seamless

Automation Engineering

= Human labor for engineering . |
- - - Analysis of factory automation costs
is an important cost driver

3%
Bought-in Parts; 28% o =

= One part of human activities
is data exchange between
engineering tools which shall
be automated
= Reduce human intervention

Offline/Online; 5%
= Reduce human caused errors and
time expenses

Engineering
|/ Commissioning; 50%

Source: Cost structure analysis for robotic and control technology, AIDA 2005

1%

B Paper/PDF interface

B Proprietary file-based
interface

= What is an appropriate data
exchange technology for the
engineering of production
systems and its involved
control systems?

B Standardized data exchange
format

® Common project data base
to integrate serveral tools

B Integrated tool suite

¥ | don't care.

Source: Expectations of practitioners to data exchange technologies, OvGU 2014

October 8th 2014 3rd AutomationML user conference



The Past AW GInE =l HAS

Initial aims of AutomationML s olocamiess

- . A UItO atio il &

@ Topology >
=
= Geometry >
= |
(] | . .
i Kinematics >
=

Path planning >

=
—
L - Logic/Behaviour >

October 8th 2014 3rd AutomationML user conference



Present <SAutomationML/>
it

The Glue for Seamless
Qtl'_J !'e Automation Engineering

AutomationML
COLLADA .
CAEX IEC 62424 I 5
Top level format | ceometry
Kinematics =
ObjectA
Planttopology - Init
information [ _Object A PLCopen XML
Mechatronics T Ubj?CtAz "| Behaviour @
= Sequencing -m
Communication * Object A,
 Further formats
-' Furtheraspects of — i
. engineeringinformation | ——
. (e.g.documentation) *

October 8th 2014 3rd AutomationML user conference
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The Glue for Seamless

v @ Examplesystem
(ne [T_E'I InjectionMouldingMachine {Class: Role: Cell}
v [fﬂ ClampingUnit {Class: Role: FunctionGroup}

w El Extracter {Class: Extractor Role: SubFunctionGroup}
-~ IEI HydraulicZylinder {Class: HydraulicZylinder Role: Hydral®
- IE HydraulicValveModule_Exiractor [ Class: HydraulicValveModule_]
S @ Coupler {Class: Role: MechanicalPart}
A IE Guidance {Class: Role: MechanicalPart}
- @ ExtractorPlate {Class: Role: MechanicalPart}

SupportedRoleClass: Mechanical Assembly

() o= Interfaces

~ @ ToclPlateStatic {Class: Role: SubFunctionGroup}
[ !EI ToolPlateDynamic {Class: Role: SubFunctionGroup}
(& @ Controller {Class: Controller Role: ControlDevice)
-~ @ MachineBase {Class: Role: FuncticnGroup}
) IE InjectionUnit {Class: Role: FuncticnGroup}

- @ HydraulicComponents {Class: Role: MechatronicAssembly}
~ DEI CorePuller {Class: Role: HydraulicDevice]
(a @ Injector {Class: Role: HydraulicDevice}
~ @ Storrage {Class: Role: HydraulicDevice)
v ﬁ_E'I HydraulicSystem {Class: Role: MechatronicAssembly}
~ @ HydraulicStorage {Class: HydraulicStorage Role: HydraulicDevice]

-~ @ HydraulicPump {Class: HydraulicPump Role: HydraulicCevice]
~ “‘_E‘] HydraulicDrive {Class: HydraulicDrive Role: HydraulicDevice}
v @ HydraulicPipingMetworks { Class: Role: MechanicalAssembly} AND )
» @ MainHydraulicSupplyNetwork {Class: Role: HydraulicPipingSystem} #Bxtract — & [—— OUTSignalGronpERExaxtNoCRetract
~ [E HydraulicPipePump2HydraulicModules {Class: HydraulicPipe Role: HydraulicConnection)
-~ @ HydraulicPipeHydraulicModuleZStorrage {Class: HydraulicPipe Rele: HydraulicCennection}

A |'|£| HydraulicPipeStorrage2Pump {Class: HydraulicPipe Role: HydraulicConnection}
v @ ExtractorHydraulicSupplyNetwork {Class: Role: HydraulicPipingSystem}
A @ HydraulicPipeHydraulicValveModule_Extractor2HydraulicZylinder {Class: Hydraul
-~ m HydraulicPipeHydraulicZylinderZHydraulicValveModule_Extractor {Class: HydraulicPipe Role: Hydra

= HydraulicConnection}

~) oy [nterfaces
v @ [OWiringMetworks {Class: Role: MechanicalAssembly}
- @ ExtractorControlWiring { Class: Role: ControlWirlngSystem)
-~ @ ControlWireExtract {Class: ControlWire Role: ContrelWire}
- |E| Contro/WireRetract {Class: Contro/Wire Role: ControlWire}

October 8th 2014 3rd AutomationML user conference 5



The Present  AUenE=lp\Vil Ve

The Glue for Seamless

G!’@.Dh baSEd StrUCtU res Automation Engineering

FoF VELETRE 23 LSRRIl

- -

= Creation of a Best Practice Planing Object
Recommendation about L
modeling of graph based
structures by AutomationML
= Harmonization of similar approaches

= First used for communication i A\
systems, applicable also for HW >
config, electrical wiring, piping, ...

= Contains application process and

<InterfaceClassLib>

| LIy I A IS Sy
DdASIC TOIEesS / ITelldCes e
[ Analyze engineering domain / Identity graph, vertex, and edge objects ] ) [ Semvieimstanceerachy v
¢ - . Obje: ¥ ;
= = N rface s ple
= N cface s: Example
Define RoleClassLib and InterfaceClassLib ~) 0> New Bxemalnterface {Class Examplelntero
~) [TE] Obect2 {c
~ @nh}gn} {a
¢ S ‘Elnbjem{( 3
____________________________ =[] obreass {c
I B . I = IEI Objects {Class: Ly Cla:
" Model SystemUnitClassLib I ) T o
N e e e e e e e e e e e e g e e e - — (TE] obiects (c o
©) ok Interfaces
o New Externallnterface { Class: ExamplelnterfaceClass)
o> New Externallnterface { Class: ExamplelnterfaceClass)
. : . . et (Class: i
[ Create model by using defined libraries ] %ZS S
@ {Class: tole:

October 8th 2014 3rd AutomationML user conference



. The Present
Information and processes The Glug for Se.amletss
recentiy ccvert Automation Engineering

<AutfemationML/>

= Covered information

= Plant topology, geometry and
kinematics for e.g. robot cell
programming and simulation

= Behaviour models for plant
components
= Plant component properties
= Economics
= Process related

= Network structures of plant =\ ,
Comp on entS Drgsig(r:]t Plant Planning >> Ei\%?f?ggzﬁ; >> Commissioning >
= Covered processes : !

= |nformation exchange within
engineering process life cycle
from general plant planning to
virtual commissioning

October 8th 2014 3rd AutomationML user conference 7
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The Pres

Standardisat

en

>

-

o

<AutfemationML/>

The Glue for Seamless
Automation Engineering

AutomationMLIEC Standard Series 62714

Concept

White
paper

IEC Sub-
mission

IEC Intern.
Standard

Part 1: Architecture

aliy

Definition of basic concepts and top level
architecture using CAEX

e o Definition and use of basic and industry
E{g Part 2: Libraries specific role libraries

) Modelling of geometry and kinematics
‘ﬁr‘_{}’ Part 3: Geometry || ;o coriapa Referenzing in CAEX

gg Part 4: Logic

Modelling of behaviour and interlocking
using PLCopen XML, Referenzing in CAEX

"c Part 5: Communication

Modelling of communication networks and
communication devices using CAEX

e

AutomationMLfurther discussed topics

Concept

Best
practice

Integration of
semantic definitions

=

Application of classification standards for
unique semantic representation (eCl@ss)

OPCUA
Information Model

A

Access to AutomationML data sets by OPC
technology

Data security

Integration of XML based data security
measures in AutomationML

Automation system

‘ . configuration

Data structuring to express automation
system hardware structure

R Transportation library

Library structure for reusable

transportation system modules

VDMA data model

Exchange of VDMA data model by
AutomationML interfaces

3rd AutomationML user conference
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Implementation highlights i chopocdmiess

A UtO atio G &

.................. 9"

= Automatic Process Data Manager of
West GmbH

= Export of simulation relevant data from
SIEMENS PLM Robcad and Process Simulate

= Used within virtual commissioning framework
ROBSIM from EKS InTec

= Practically used for example at Audi

Source: www.west-gmbh.com/files/content/
WEST_APDM_AutomationML_2014.pdf

= FASTSUITE Edition 2 from CENIT AG

= AutomationML based interface for layout
information exchange

= Use of digital factory tools to build, program,
validate, and optimize production environment

= Compatible to ROBSIM

Source: www.cenit.com/en_EN/plm/digital-
factory/software/fastsuite-edition-2.html

October 8th 2014 3rd AutomationML user conference 9
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The Glue for Seamless

= OPC UA Information Model UA: Hestompencrt un vanenid | | U rborgpe

RefBaseClassPath. l‘r

= Mapping of AutomationML data e it
structure to OPC UA data model (BT o=

= Definition of integration process e 7
. . . . . «'ﬂ:ﬁr‘;gm“}::" u;g‘,‘:,-‘;ﬁ’;‘,,,,, eratica elaion withi the
= ldentification of application scenarios ’ F-T s ey

RefBaseClassPath <ChildElement
UA: HasSubtype UA; HasAMLChild

Source: Fraunhofer IOSB Karlsruhe

= Integration of semantic o =
defi n itions (w @ %oamtionML Example
AutomationMLObject {Class: Role:}
= Definition of two levels of semantic @

integration *ix|

— SpeCify ObjeCt and attribUte Semantic g:z:pﬁon IT:r?;::h is the attribut of the AutomationML Object that is semanticly defined by the IRD
= Create eCI@ss plain role library e [0

Unit mm

= |dentification of application scenarios Daarype |t

~ | RefSemantic: eCl@ss:IRD
CorrespondingAttributePath IeCl@ss:ﬂRD

L ,3' Object Header :’jAttﬁhute;g MInternal Links 74 Properties

Source: INPRO Berlin

October 8th 2014 3rd AutomationML user conference 10



= Automation system

configuration

= Modelling of hardware

configuration of control

systems including

= Device hierarchy /
topology

= Structure of control
application including
variable declaration

= Physical wiring

= Logical connections as
identification of
exchanged variables

= Definition of a kind of

application profile

October 8th 2014

~) [IE] Reboterzeliet
~) ™ Unk_PnysicaiConnection_RFIDReader_Bus-101_Bus-I0L
k_RFIDReader_PhysiczlConnection_RFIDReader_ Bus-101

- u # Link_PhysicalConnection_Antrieb_RFIDReader RFIDReader
),/ Link_Antrieb_PhysicaiConnection_Antrieo_RFIDReader
&S _ # Link_PhysicalConnection_Ventiinsel Bus-I02_Bus-102

Py _' # Link_Ventilinse|_PhysicalConnection_Ventilinsel_Bus-102
..': # Link_PhysicalConnection_Switch_Ventilinsel_Ventilinse

- ,} # Link_Switch_PhysicalConnection_Switch_Ventilinsel

%) Link_PrysicalConneeticn Switeh_Antrieh_Antred

) /7 Link_Switch_PhysicalConnecticn_Switch_Antrieb

-~ Link_PhysicalConnection_SPS_Switch_Switch

~) " Link_SPS_PhysicalConnection_SPS_Switch

) 7 Link Datagram _SPS_Bus-102_Varisble_FixiureClose_SPSSeite

A\ 7 Link_Datagram _SPS_Bus-102_Variable_FixiureOpen_5PSSeite

~ Link_Datzgram_SPS_Bus-102_Variable_FixtureClosed_BUS-102Seite

) 7 Link_Datagram _SPS_Bus-102_Varisble_FixtureOpen_8US-IO25
~) " Link_Datagram_SP5_Ventilinsel_Variable_Open_ClampFixture_SPSSeite
~) ™ Link Datagram_SPS_Vertilinse| Variable_Close_ClampFixture_SPSSeite

w) ,/” Link Datagram_SPS Ventilinse| Variable_Close_ClampFixture VentilinselSeite
~ ; “ Link_Datagram_SPS_Ventlinsel_Variable_Open_ClampFixiure_Ventilinse/Seite
) ,~" Link Datagram_SPS_Bus-I0L Variable Object_Position2_SPSSeite

%) Link_Datagram SPS_Bus-I01 Variabie Obiect Position1 SPeseite

= # Link_Datagram_SPS_Bus-101_Variable_Object_Position2_BU

S J’  Link_Datagram_SPS_Bus-101_Variable_Obiect_Position1 BU

) /" Link Datagram _SPs_RFIDReader Variabie_ObjectiD_SPSSeite

~) _* Link Datagram_SPS_RFIDReader_Variable_ObjectID_RFIDReaterSeite

) /7 Link_Datagram_SPS_Antrieb_Variable_Max Drive_Accelera

\ SPSSeite

© RefSideA: 35678808-7768-4132-ab0f-672a32800 74eVariable_Max_Drive_Speed
© RefSides: 6e0854902-5697-4247-866¢-b30ebactd35CRTOfINEt DatagramOBject Varianl

- Link_Datagram_SPS_Antrieb_Variable_Max_Drive_Position_SPSSeite

- Link_Datagram_SPS_Antrieb_Variable_Max_Crive_Position_Antriebsseite

~) " Link_Datagram_SPS_Antrieb_Variabls

N

._Max_Drive_Speed_Aniriebsseite

Mo
Degigrplon
Ve
Derfaress akure
Uit
DataType

3rd AutomationML user conference

) [IE] Anisge {Class: Role: ProductionLine)]
[IE] Roboterzeliel {Class: Role: WorkCel}
) [IE] Funktiensaruppes?s {Class: Role: Uit
) [IE] 5PS [Class: SPS Role:}
A [IE] PLCApplication [Class: PLCAppiication Role:}

<AufematiomML/>

The Glue for Seamless

v Herielenhane

Marme enteer e
Beseripsiion

Wik

DeFaslt Vaue

Uit

DotaType ntng

) RefSemantc echass#8. {00

AR N I T

) [[E] PLCRacx {Class: PLCRack Role:}

~ ) [IE] Precesserslock {Class: Processortlock Role:)

~) [IE] PLcCommunicationslack {Class: PLCCommunicationsleck Role:)
) [[E] 1o8lock {Class: 10Biock Roles}

SupportedRoleCiass: ProfinatExamplePhysicalDeviceRoleClass

~) [IE] Switch {Class: Switch Role:]
~) [[E] FunktionsgruppeRollenfoerderer {Class: Role: Unit]
~ [IE] Antried [Class: Antrieo Role: ]

) [E] RFIDReader {Class: RFICR=ader Rol
~) [IE] BusIO1 {Class: Bus [0 Role:}
) [[E] FunkticnsaruppeVorrichtung { Class: Role: Unit}

) [IE] LogicalNetwork {Class: Role: ProfinetExsmpieLogicalNetwarkRoleCiass}
~ [IE] LogicalConnetion_SPS_Antriet | Class: LogicalConnetion_ProfiNetExample Role:}
) [IE] PrefiNetPackage SPS_Antrieb (Class: ProfiNetPackage Role:]
SupportedRoleClass: ProfiNetPackage

v) o Interfaces
o0 FrofiNetDatagramObject_Variable_D

ion { Class: ProfiNetDatagrammObject)
~) o ProfiNetDatagramObject Variable_MaxDriveSpeed {Class: ProfiNetDatagrammObject]
~) o ProfiNetDatagramObject_Varizble_MaxDriveAcceleration (Class: ProfiNetDatagramm Object}
8] SupportedRoleClass: ProfnetExampleL ogicalConnectionRoieClass
) o0 Interfaces

o<> LogicalEndPaintl {Class: pleLogica n eClass)

o0 Logi 12 {CI
~) [IE] LogicsIConnetion SPS_RFIDReader (Class: Logics|Cornetion ProfiNetExample Roler)

1picLegicalEndPointin lass)

) [IE] Logica|Connetion_SPS_Bus-101 {Class: Legica/Connetion_ProfiNetExample Role:}
~) [IE] LogicalConnation_SPS_Ventiinse! {Class: LogicaiConnetion_ProfiNatExampie Rol
~ [[E] LogicalConnetion_SPS_Bus-102 {Class: LogicalConnetion_ProfiNetExample Role:}

W) MAC Arevse
Mame MASE e
[Descrigtion
Walua
Defauk Valar
Wit
DataType xEatring
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. The Future  JAWULEnERYIVA

The Glue for Seamless

Runr“nﬂ resea rCh eG-S ( 9IPCt|On\ Automation Engineering

......... ' \C I RLEIEE

= ReApp
= Tool chain for intelligent robot programming capable to auto- @
matically build the skeleton of or the complete control programs
ReApp
= AVANTI
= Test methodology for virtual commissioning based on behaviour
simulation of production systems
= EfA B v -
= Methods, tools and solutions in order to the explicitly acquire ave
and monitor requirements and to validate variants of control
applications
|

Conexing
= Tool for discipline crossing planning and product related virtual a

optimization of automated production systems

For more projects visit www.automationml.org

October 8th 2014 3rd AutomationML user conference 12



The Future  JAWULEnERYIVA

The Glue for Seamless

! n d l..JSt!'! e 4= Q Automation Engineering

= Current mega trend in Germany

= Aims:
= |ntegration of advanced IT capabilities like Internet of Things and

Services, Cloud computing, and Big Data within industrial
information processing on all layers of control

= Ensure horizontal integration along value chain networks,
vertical integration within networked production systems, and
consistent digital engineering along the engineering chains

= |mprove production system flexibility and adaptability

= Coordinated by Industrie 4.0 platform (a joint
activity of VDMA, ZVEI, and BITKOM)

* Industrie 4.0 platform currently considers existing
data exchange formats and its usability as a bundle

October 8th 2014 3rd AutomationML user conference 13



. The Future JAufomationML/>

= The Glue for Seamless
Ind UStrle 4=Q Automation Engineering

= Focus of Industrie 4.0 is on engineering and use of
products and production systems

~

[ Marketing ] [ Sales J El Product use by]
customer

Product Product line

development development

Product line
maintenance

-

October 8th 2014 3rd AutomationML user conference 14



. The Future  JAWULEnERYIVA

The Glue for Seamless

! n d lJ.-St!'! e 4= O Automation Engineering

= AutomationML can be exploited to

= Model Industrie 4.0 components as mechatronic objects including
structure and behavior modeling to enable library based engineering

= Model process descriptions both as required and provided processes to
enable automatic resource selection within flexible production

= Provide semantically enriched information during runtime of production
system

* To be Industrie 4.0 enables
= Enable process descriptions following PPR model structure
= Enable semantic integration
= Ensure compatibility to other relevant standards

October 8th 2014 3rd AutomationML user conference 15



The Future  JAWULEnERYIVA

= The Glue for Seamless
Ind UStrle 4=Q Automation Engineering

= Model Industrie 4.0 components as mechatronic objects
including structure and behavior modeling to enable
library based engineering

Product related

) . Resource related control
manufacturing process recipe o

=

Maingroup

Basic driver
Function group functionality

Mechatronical unit

Mechatronical system 4

Sub-function group

Mechanical part

October 8th 2014 3rd AutomationML user conference 16



<AufematiomML/>

The Future

The Glue for Seamless
Automation Engineering

= Model Industrie 4.0 components as mechatronic objects
including structure and behavior modeling to enable
library based engineering

v New SystemUnitClassLib

N

=
il .

_._FJ

Farderantrieba

:
e

i

-

kcardinierte Antriche

Elektronische
Kurvenscheibe

October 8th 2014

A

22
tr

Fahrantriche

.

-
]' !_'H!

Gleichlaufantriche

Werkpeugantriche

Hubantriehe

Wickelantriehe
1%
4

Pumpen und Liifter

Fasitionierantriche

L
A 4

Formantriche

| ] f-*:l_
'._. I%}-‘I
i N Ay

Querschneider und
fliegende Sige

v @ Function templste
Frogram organisetion unit

|'i_[| Cede

~ Davice interface + paramaters
IE' Parameatar
w ' op Interizoss
A o Hignalntsrizce
v @ MU template
~ Exacution interface ~ paramstsr
Faramatar
~ o Interfaces
~ Seguanees
) Controlled behavior
v o Intsrfaces
~ | g Cantrolled behavior FLCopeniMUinterface
- Uneonfrolled behavior
v o0 Interfaces
~ 1 g Uncontrolled behavior FLCopenkMUnterisce
Devices
- CAD data / kinsmatics
v op Interfacss
' o Kinematics COLLADEInterfaca
& outy CAD deta COLLADAInterface

Primary functiens
[1E] Secondary functiens
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<AutfemationML/>

The Glue for Seamless
Automation Engineering

= Provide semantically enriched information during runtime

of production system

Engineering Phase

Test/Operation Phase

Business Requirements
Integrate Business
Requirements in Engineering

Busmess Manager

Enrich runtime
information

PrOJect Manager C

Project Manager i *
m CAD, Pipe & Production
Instrumentation Project Manager E Project
Process Eng. Participant \/ Participant
: . Software Dev. i
Electrical Plan Automation EaviERmEl SCADA Automation
EEEmealERTY Service Bus Software Eng. Operator [Tool Data | Service Bus Diagnosis
Expert
Control Eng.
I Access runtime information Control Eng.
Deploy created artifacts * * Access engineering information PLC

Cyber Physical Production
System (CPPS)

KA L b

Sales Production Transport

-

Cyber Physical Production
System (CPPS)

KA G b

Sales Production Transport

OPC UA Server

3rd AutomationML user conference 18
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(The Glue for Seamless
Automatlon on:Engineering

"Pour ce qui est de I'avenir, il ne s'agit

pas de le prévoir, mais de le rendre
possible. ™

"Die Zukunft soll man nicht voraussehen wollen,
sondern moglich machen.

Antoine de Saint-Exupéry
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