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Problem e e — >

 Complex Structures of data
generation and use along the
production system life cycle
= multidisciplinary approach
= several engineers of several
disciplines with several tools

= complex data exchange networks
including data reuse of other life
cycles
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Network structures ‘@D)
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Lessons learned

* Existing data exchange networks act
document based exploiting file formats
like *.pdf, *.xml, and *.csv

* A central data storage requires the
configuration / design of a common
data model spanning all involved
discipline specific data structures

* Data integration is based on tool
specific connectors

e Existing AutomationML profiles cover
only parts of the overall game
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Cha | |eﬂgeS Singular data exchange

EData sourceJ [ Data sink }

* Engineering habit — keep used tools, information

models, and engineering methods unchanged tEe S Schanges
. . . . . . {Data source S Data sink }
* Tool diversity — different, partially incompatible _ y \
concepts and data structures of involved T e
engineering tools, partially predefined { Data source ~ Datasink |
AutomationML dialects
. . D ink
* Change management - exchange of intermediate iy
results of different degree of maturity Merge data exchange
. . . ink
* Completeness management - identify missed data R | D
» Consistency management — ensure semantical [ Data source
correctness | ’
o . . . ] . Cyclic data exchange
» Extensibility / Migration - Stepwise reorganization of v |
P - . Data source Data source
existing engineering data exchange structure [ - rd sink ] [ e ]
without repetitive software redesign | A
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Basic approach

Data Provider T1 T2 Data Consumer
o ()
 Data logistics m ; \-/' i
- B — .
= Replace the existing document based oaa  Documents Data Data _oaa
data exchange by information demand Provided _ Exchanged Consumed
driven data exchange m w‘;’“ e e .
H lant Function Tr
* Data consumers shall not be forced to Work Groun _~{®Mechanical Tree "/,r'§v°rkaup
collect required data out of a big data set Panchame a[2)¢ clectnea Tree. jEAlL
m st | Lists of Objects
* C h a I Ie n ge WG Mech. I:ng-'/ '.'Motc_)r Lis.t < i
. |dent|f|Cat|On Of demandS Of data * ‘ | Dg:xlscc?rlassi VXotrkGrt(_)up
H " Signal List % utomation
consumers related to the required § T Objects and |/
1 1 WG Elec. Eng. N gecien. ttributes
|nf0rmat|0n Im ' . “~.[®Motor.Torque ’TJI?]‘
0 Ong . o Data Sheet ® ] i
= Definition of technical data access paths 'O iyt I xena
to information prowerw Exchange Meta Datal
= Efficient data extraction out of existing m 7 Conract | LOg: Who, wihat, wheg i
data source e Tag list, valdiy status s
Domain X Domain Y
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Basic system architecture @

Local domain specific knowledge Global system specific knowledge Local domain specific knowledge

L Discipline C: Data sink
Discipline A: Data source

Transport,
IH Transform,

IE Select and
Aggregate

_Adapter

concepts

ranslate from
common

Translate to
common
concepts

Discipline B: Data source
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Necessary transformations

* Bordering conditions

= NO changes within the used
methodologies and tools of the
different involved disciplines

= Complete control of data by the
involved engineers

= Enable the discipline crossing
understanding of engineering data

* Preconditions

= |dentification and description of
discipline crossing common
concepts

= Each data exchange step can be
validated at any time

N
Data provider A B \
tool _ \

- Export from data provider tool

Selection of relevant data
Transformation to AutomationML

Export from data storage

Import to data storage
Data from
further Data aggregation
sources |

Selection of relevant data

. " Transformation from AutomationML

Import to data consumer tool

Data consumer
tool
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Distinction of two types of AutomationML models

* AML-1 — common data model used in the background
= Modelling of production system engineering data within data logistics

= Mapping of ALL RELEVANT properties and concepts of the complete
engineering process

= Not visible for users

* AML-2 — interface models for involved partners
= View (discipline) and thereby user role related
= Mapping of relevant concepts and properties of the considered discipline
= Consideration of existing AutomationML dialacts
= Visible for users
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Stepwise design process of

AUtomaUOﬂMI— mOdels Is there a data exchange
to be integrated? No
. ®
* For each tool acting as data TY
source and/or data S|nk [ Select the next data exchange to be integrated ]

= Develop an AML-2 data model

= ( Develop a AML-2 data model for the selected data h
based on the main Concepts Of the exchange by defining appropriate role, interface <
related too' L and system unit classes )

" Integrat|0n Of AM L_z mOdel N the [ Check data compatibility of AML-2 data model with )
common AML-1 data model by g existing AML-1 data model J
Concept mapplng Consistency given ? ? No

Yes

Enrich the AML-1 data model by integrating the
role and interface classes of the AML-2 data model
and extend the system unit classes of the AML-1
data model appropriately
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AML-2 Models — (@)
Interface models for involved partners

act AML-2 Emstehungsprozess)

* Direct translation of domain specific
views to AutomationML models

e Based on

= |dentification of relevant concepts and
their properties and relations within one
discipline

® Translation to role and interface classes
and their application in system unit ﬁ 1
classes as templates for transformation i :

- Wabhle eine Menge von Rollen,
Erzeuge eine SystemUniKlasse die einem im betrachteten AML-2
durch Zuweisung aller Rollen relevanten Objekt
der gewahlten Rollenmenge zugeordnet sein kénnen
e rele

Alle Konzepte betrachtet

%
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AML-2 Models — Interface models for involved partners @

FUN_iPPE-Objekt FUN_Code iPPE-Objekt ~ MAS_Beschreibung FGR_Beschreibung
Funktio

A01130_580_K_13_BE010_M M rivechain
A01130_580_K 13 _BE010_S S Drivechain
A01130_580_K 13 _BE020_M M Drivechain
A01130_580_K 13_BE020_S S Drivechain

Concept
identification and
modelling

Reference source
and sink data

Enable stepwise extension

StI’UCtU re 4 [ smsAutd
: smsAutomationDeviceRoleClass ) Of exchanged data by
tomationPeviteCAFCstemUnitifass {Class: smsAutomationDeviceSystemUnitClass Role: ComputerAndFieldbusCop S|mp|e Conﬂgu r‘at|0n Of
temUnitifass {Class: smsAutomationDeviceSystemUnitClass Role: MeasuringDevice}
| adapter models
Semantic
o funiPPEObj smsgroup://devicelist?id;namepart=T.1-23#1
o funCodeFunfti smsgroup://devicelist®2

iPPEObject

masBeschreibung

smsgroup://devicelist’namepart=2.2-4%3
smsgroup://devicelist#4
“ fgrBeschreibung smsgroup://devicelist#5
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AML-1 data model as common data model

auch leer sein kann) und ei
es noch nicht integriertes

L-1 Entstehungsprozess) Es existiert ein AML-1 (das ﬁ
n

(a) die SystemUnitKlassen
im AML-2 und AML-1 ein
gemeinsames Konzept

* Integration of different discipline s

specific views in one AutomationML
Model

e Based on

= |dentification of relevant common
concepts with relevant properties and BRI % ommmamsc s
relations by integrating AML RoleClasses 'i_
and InterfaceClasses —
= Design SystemUnitClasses as data
ingeration templates
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Kann in einem ersten
LImport-all“ Schritt
-—| semiautomatisiert in
der Datenlogistik
erfolgen

Ja
Alle ‘SystemunitKIasse
im neuen AML-2

betrachtet
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Data exchange process — Data flow view ‘@D)

SOURCE
TOOL

STRUCT.DEVICE.INPUT_P1
System System structure + |:> T |:> ISID | | | | ‘
structure | DEVICE IDs___ OBJECTTYPE DEVICE

STRUCT.OBJECT_X_INPUT_Px STRUCT.DEVICE.INPUT_P1

MCAD.DEVICE.INPUT_M1 MCAD.DEVICE.INPUT_M1
MCAD DEVICE + Physics___ |:> T |:>}M|D| | | | ‘—» o | |\|

ECAD.DEVICE.INPUT_E1 ECAD.DEVICE.INPUT E1
ECAD DEVICE"‘EleCtriCS_ E> T E>‘E|D | | | | ‘—} EIDMUK|
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FLUID DEVICE + Fluidics__ T T |l | | | [ =1 [ | [|]

DATA SRR N EI;ATASHEET.DEVICE.INPUT_DSl DATASHEET.DEVICE.INPPIT| DY1
SHEET  parameters__ oo | || | |
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Definition of AML-1

Devices

Data exchange process — data modelling viewd

RotaryEncoder

-ID mk Cell in Source data
Mechanics/ RotaryEncoder
MaxRotation rersemantic  Cell in Source data

Electrics/ RotaryEncoder

MaxCurrent mk Cell in Source data

Simulation/ RotaryEncoder

Torque emantik  Cellin Sink data
MaxCurrent refsemantic  Cell in Sink data

Calculation rule

Mechanical data in AML-2 Data source

stem

RotaryEncoder. RotaryEncoder
Vendor-ID  — ek Cell in Sourc \l\/AeanRoort_zlalt)ion

Mechanids

Engineering data in AML-1

otaryEncoder Electrical data in AML-2 Da rce —
e e —— W\ - Simulation data in AML-2 Data sink

RotaryEncoder

\ D > Cell in Source data

Mechanics/ RotaryEncoder

EIectri%;

Rotar Encodel<<

——semeti Cell in Source data

axRotation ,gsemanie>  Cell in Source data ¥gpé{§’el'-|0 ——>  Celliin Sink data
< . MaxCurrent etk Cell in Sink data
Simulati Electrics/ RotaryEncoder
Imuliation

MaxCurrent

m RotaryEncoder

Vendor-1D
MaxCurrent

RotaryEncoder

MaxCurren

refSemant Cell in Source data

RotaryEncoder

Torque rersemartik  Cell in Sink data
MaxCurrent rersemantk  Cell in Sink data

Simulation/ RotaryEncoder

Torque refemant Cell in Sink data
MaxCurrent  saman Cell in Sink data

Preparation Data extraction Data aggregation

Data provision

24.10.2018




(@)

Migration process

e clear distinction between long-term vision of the migration process, i.e. its
improvement, and the short-term goals covering possible improvement steps

» Stepwise process of identification and realisation of best short term goal

= Options investigation phase collects
different migration solutions like o
integration of new tool or —— e
new management function

= Design phase details selected solution
option and tests feasibility 4

* Implementation phase is realizing situation
designed solution

= Deployment phase validates improved ~
engineering data logistics b O ®

Long-term vision

{/_\
)
4
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Reached results

* Definition of a general architecture for the data logistics
" Transformation and data management components with relevant behavior
= Sketch migration path towards an AutomationML based information logistics

= Consideration of discipline specific data models (AML-2) and discipline crossing
data models (AML-1) to ensure maximal utilization of expert knowledge

" Ensure minimal impact on engineering habits in parallel with increase of
utilization of benefits related to data validation, data consistency, and data
completeness

* Prototypical implementation of transformations

= Realization of Data transformation to AML-2 for excel lists

Realization of Data transformation and integration in AML-1

* Prove of concepts of Basic architecture was successful!
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Thanks for your interest
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