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What is the effort of AutomationML programming?
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Drivers behind AutomationML
Data exchange in a heterogeneous tool landscape
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Data exchange scenario

Source
Tool A

o

 Exporter

Mapping

A [\

© ABB Group
October 16, 2015 | Slide 3

4 AutomationML holds
engineering data with a
mixed neutral/proprietary

semantic in a neutral

~

/

\\/syntax

Importer

Mapping




Don'‘t forget usability and transparency.
The value of knowledge scales with its application. An easy to use
software may generate more re-use than the corresponding PhD book.
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The scientific value of this research is finding a suited bridge between
AutomationML ideas and their application in industry and academia

, AL HRED
« FAREDED




Ways to program AutomationML:CAEX
The stony way

dAutemationML/> - Learn the CAEX data format according to
trsion Evpinesrig IEC62424

Learn the AutomationML standard according to
IEC62714 (CDV)

Use a XML parser (DOM) to read, write and

— | PLCopen [ _
] B change CAEX objects
N XML: Always ensure that your software fulfills all
- standard requirements
IEC 62424
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Ways to program AutomationML
The easy way: use the AutomationML-Engine

[ Exactly mirrors the CAEX data model into a
SAutemationML/> C# class model

The Glue for Seamless

Automation Engineering ° M OStly auto m atl Cal Iy cre ated

Provides software functionality to create,
manipulate and validate CAEX files
according to IEC62424 and IEC 62714.

Is the software foundation for a variety of
AutomationML software, e.g. for the
AutomationML Editor, importer/exporter in
the AutomationML community

AL IDHD
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CAEX programming
Use cases

<AUtomationML />

The Glue for Seamless
Automation Engineering
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Basic use cases
Creating a new CAEX document
Opening an existing CAEX document
Saving a CAEX document
Creation of hierarchies, objects and attributes

Extended use cases
Basic design of an Exporter
Basic design of an Importer
Error checking and automatic error correction



AUtemationML/

Basic use cases
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AutomationML Engine
Folder Structure of the AutomationML Engine zip file

00 ReadyToGo DLLs 00 ReadyToGo DLLs

01 AML Engine SourceCode contains ready to go dlls for direct binding into your .Net
02 AML Engine Documentation projects
03 Example&pplication_TutorialForBasics 01 AML Engine Source Code
04 Exampledpplication_TutorialForSplitMergeAndValidate for AutomationML e.V. members only
05 ExampleFiles 02 AML Engine Documentation
2] How To Use.ppt contains a chm help file

03 ExampleApplication_TutorialForBasics
contains an example application demonstrating
- how to create a CAEX File
- how to save and store a CAEX file
- how to validate a CAEX file
- how to label a CAEX file
04 ExampleApplication_TutorialForSplitMergeAndValidate
contains an example application demonstrating how to split
and merge CAEX files
05 ExampleFiles

Contains a set of example CAEX files with different kinds of
typical errors in order to demonstrate the validation
capabilities of the AutomationML Engine

AL ID D
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How to embed the AutomationML engine
... In your own C# project

= Bind these files into your .Net project
% Altova.dll
e | |

-
ﬁ AMLExtensionsExamplesOfiisage - Microsoft Visual Studio (Administrator)

AltovaXML d” File Edit View Project Build Debug Dats Format Tools Test Window Help
'

_— Pl - | % S B9 S - 5| b Debug - Any CPU -

|
AMLEI’I ine d” S| E & S| Toek | 5 S| BAD O ooe Ms Ol T | 2 ot B oed |G (]| 0 3 || =30
g ! Form1.cs [Design] + % [Solution Explorer - Salution ‘AMLExtens... v & X

- : : 2 HEEELA
% AMLEngineExtensions.dll

Al

&

| R e DfmES

;; Selution 'AMLExtensionsExamplesOfUsage’ (1
=8 B ExampleApplication
] l [~ = Properties

=] References
. <[ Altova

‘xoqwol,}q

l Open Automation ML ‘ [Create AutomationML l Save AutomationML | I Validate

-« AltovaXML
<3 AMLEngine
« «3 AMLEngineExtensions

y
<3 System.Core
-2 System.Data
3 System.Data.DataSetExtensions
- «3 Systern.Deployment
- «2 System.Drawing
- =3 System.Windows.Forms
- =2 System.Xml
- =3 System.Xml.Ling
Forml.cs
. ] Program.cs

myEmorListBox &

B openfFileDialeg Es&veFileD\alog

Ready
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Basic use cases

Loading the CAEX namespace
using CAEX ClassModel;

Create a new CAEX document

e TN e TN

CAEXDocument myDoc = CAEXDocument.New CAEXDocument ()

Load a CAEX document

g ew—

myDoc = CLREXDocument.LoadFromFile (E"c:\temphtest.aml™) ;

Save a CAEX document
myDoc.SaveToFile (E"c:vtemphtest.aml™, true);

AL IDHD
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Creating

CAEX Hierarchies

M AutomationML Editor 3.0.0 ~ - C=aEes
Eile Edit Toocls Windows Help
SN oA tomalien Mis/> —s OEFIP e e 8 E 8,
== / Instanm-Hlemrd'lyw = X / SystemUnitClassLib | v X Properties iy
) i = i = H -
% |~ | File Properties
= [IH] DemoPlant [3%] MysUCLibrary Filename test.aml
5 AutomationML Ve| 2.0
% Schema Version | 2.15
E- ._Q\ | Metadata
D
£ |~ | External References
iag ;\ Statistics
g L
i o g
| T | " RoleClassLib 1 > X / Int;erfaceCIas&Ubl v X Object Header o
3 _ . _
@ : |~  Header Information A
3 MyRoleClassLib T3 MylInterfaceClassLibType crIon ;
I Copyrigh |
i pyright [ SN
Description | =
Additionallnform: |
'~ Revisions |
(A Attributes -
=2 Object H...| 3 Attrib... —SjInternal Li...
Zoom CATEMPAtestam| wvalid against CAEX Schema Version 2.15
A DD
Octaber 16,2 Mpm»
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Creating CAEX Hierarchies

JSiwvariabe declaration
CLEXFileType myCAEXFile = myDoc.CAEXFile;
InstanceHierarchyIvpe IH;
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Creating InternalElements

Bl AutomationML Editor 3.0.0
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Eile

51INSal Y2aUs AJU)SISUDD) dﬁ_J =

U [ELIIL I [

- -

Edit Tools Windows Help
= bo ma i BT M le/->———

D E[FFR L e R @08,

T—r

/ Instamul-lhmhyl > X / Sy&temLhﬁtClassLih-] v X P_roperties -
E@ E@ :h{ File Properties L
a P
(v [TH] DemoPlant 7] MySUCLibrary fi Metadata
P EI Tank {Class: Role:) | # ) External References
| W .: - :-'_—_.. o
[E] Nozzle {Class: Role:) s
|
& Relemassub-! v X / htegfaeeelassﬁh--] v X Attributes =
MyRaleClassLib {6 MylnterfaceClassLibType ( E‘] Height
(a) Width
[‘{\, Length
25 0bje... | 5 At... | 2 Intern...
- [[ | caTeMPutestami valid against CAEX Schema Version 2.15




Creating InternalElements

© ABB

Group

ffocreate internal element
InternalElementType IE1l, IEZ;

IE]1l = IH.New InternalElement ("Tank"):
IEl.New Attribute ("Length");

IEl.New Attribute ("Width");

IEl.New Attribute ("Height™);

ffocreate child internal element

IEZ2 = IEl.New InternalElement ("Nozzle®);
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How to deal with semantic variety

Source

Tool A

neutral/proprietery

\ <
Exporter
Mapping

1. A — Neutral

© ABB Group
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Source Tool: A
Date: 21.09.2012

Importer

Mapping
1. Neutral - B



The trick

Label your CAEX file!

= we put a label on the ,neutral file®.

XML tag name Example

WriterName “a Source Tool”
WriterID “a Source Tool”
WriterVendor “a company”
WriterVendorURL “www.acompany.com”
WriterVersion “1.0”

WriterRelease “1.0.1”

LastWritingDateTime

“2012-02-01T16:23:00”

WriterProjectTitle

“eCarproduction”

WriterProjectID

“eCarproduction_LinePLC.prj”
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Create a Label

myDoc.CAEXFile.SetMetalnformation (m) ;

© ABB Group
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Read a label

"

b b — =
MetaInformation m

- LastWritingDateTime
% ToString

B WriterlD

B WriterName

o= WriterProjectID

g WriterProjectTitle

P WriterRelease

= WriterVendor

25 WriterVendorURL
5 WriterVersion

e

m

-

-

"

B e T O S S S e 1
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myDoc.CAEXFile.GetMetalnformation () . First () ;‘
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AltomationhL />

IJUQLUUJ £SS
Automatio n Engineering

Basic design of an CAEX Exporter
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Exporter programming

Source

Mixed
TOOI A neutral/proprietery
data
\‘ 0
| Exporter ‘@_'
Mapplng :
1. A — Neutral AutomationML
2. A-A'

AL D HD
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How to export AutomationML Files

Connect your
Source
Engineering Tool

v

Create CAEX File
Label CAEX File

v

Transform to
CAEX

4-No

T

model Tool A and about

Knowledge about Data
Neutral Data Model

|

© ABB Group
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Retrieve
Engineering Data
from Source
Engineering Tool

yes

/Result: a CAEX file that
contains 100% neutralized
data syntax, but 100%

proprietary data semantics.

Save CAEX File

or 50/50%.

L. =

Standardization level = 0 % Standardization level = 100%

0% < Standardization lavel < 100%

\

4

AL IDHD
Mpm



Example

(
//insianneHiamﬂw - External References | 3
N =
: jacd Source
Source Tools project structure IE] Locationstrucure { Class: Role: } oo
= [IE] Room 2 {Class: Role: } SpeCI IC p”Vate
= [IE | PowerPlug { Class: SourceABBPlugSUC Role: 3
R[] Project -0 Interfaces ObJeCtS
= |]E | LocationStructure { Class: Role: } ~o P1 {Class: SourcePowerSupplyInterfaceType}
|E| Room 1 { Class: Role: } [E] Room 1 {Class: Role:}
= []E | Room 2 {Class: Role: } = [IE] BusTopology { Class: Role: }
= [1E] PowerPlug { Class: SourceABBPIugSUC Role: } =1 [1E | newPBDeviceMasterl { Class: CO_PE_Master_Device Role: CO_Fieldbus_Master_Device}
= =0 Interfaces [= =0 Inte_rfaces .
< P1 {Class: SourcePowersupplynterfaceType} ~o 12 {Class: CO_D"EI'E;[ﬁPUt} )
o [E] BusTopology { Class: Rale: } ) SuppoﬁedRDIeCIaIss: CO_Fle!dbus_Master_D_Ewice . : .
= [IE| newPBDeviceSlavel { Class: SourcePBDeviceSlaveSUC Role: SourceProfibusSlaveRoleType} = [IE] newPBDeviceSlave? { Class: CO_PB_Slave_Device Role: CO_Fieldbus_Slave_Device}
= = ~o Interfaces
(= =0 Interfaces a ; - "
- 01 { Class: SourceDOIntarfaceType) ; = i:dsﬁl'cfo—?'gga?ﬁ;f e B
=] @ newPBDeviceSlave2 { Class: SourcePBDeviceSlaveSUC Role: SourceProfibusslaveRoleType} B UPRAFISCRLNE st O HERE LS. o5 Ve Jeies : !
= ifstices =l newPBDeviceSlavel { Class: CO_PB_Slave_Device Role: CO_Fieldbus_Slave_Device}
B =0 = =0 Interfaces
) -o 12 {Class: SourceDIInterfaceType} . > 01 {Class: CO_DigitalOutput}
= @ newPBDeviceMasterl { Class: SeurcePBDeviceMasterSUC Role: SourceProfibusMasterRaleType} S0 SupportedRoleClass: CO_Fieldbus_Slave_Device
8 ~o Interfaces l = E HardwareStructure { Class: Role: 1
-0 12 {Class: SourceDIInterfaceType} b

@ HardwareStructure { Class: Role: }
< Interfaces

Export

-0 Interfaces
-> TestSignal2 { Class: CO_AnalogOutput}

- TestSignall { Class: SourceAOInterfaceType}
- TestSignal2 { Class: SourceAOInterfaceType}
= E newAC500_1 { Class: SourceAC5005UC Role: SourcePLCRoleType}
Interfaces
-0 AD1 {Class: SourceACInterfaceType}
-0 Al {Class: SourceAllnterfaceType}
-0 AI? {Class: SourceAllnterfaceType}
E newAC500_2 { Class: SourceAC5005UC Role: SourcePLCRoleType}
= ~o Interfaces
<o NAO1 { Class: SourceAOInterfaceType}
- NAO2 { Class: SourceAQInterfaceType}

-0 TestSignall { Class: CO_AnalogOutput}
= E newAC500_2 { Class: SourceACS005UC Role: SourcePLCRoleTypel
Interfaces
NACZ { Class: CO_AnalogOutput}

-5 MAO1 {Class: CO_AnalogOutput}
=l E newAC500_1 { Class: SourceAC5005UC Role: SourcePLCRoleType}
= =z Interfaces
~o AI2 {Class: CO_AnzlogQutput}
All {Class: CO_AnzalegQutput}
AD1 { Class: CO_sAnalogOutput}

ABB Neutral
Objects

© ABB Group
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How to program CAEX Importer
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Importer programming
Scenario: one shot import

Mixed
neutral/proprietery
data

AutomationML

arge
Tool B

Importer

Mapping
1. Neutral - B
2. A-B




How to import AutomationML Files

Connect your
target Engineering
Tool

v

Open CAEX File
Read the Label

v

¢

t is (often much more) easier
to implement a transformation
routine for known source
engineering tools than
standardize a common

Kengineering world model.

© ABB Group
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Interprete and
Import data

Retrieve Next
Engineering Data
from CAEX File

Knowledge about
neutral Data model N

Knowledge about
Data model Tool A

Knowledge about
Data model Tool Y

[
[
[
[

Knowledge about
Data model Tool Z

%
%
%
%

A
yes

Data known?
(decided by label and

class name)

no

v

Yes

[

Data model
Lunknown*

—

Store data in
Lunknown library*

End

AL IDHD
Mpm



Example 1

Y111 Project | Source
= [IE | LocationStructure { Class: Role: } . .
= [JE] Room 2 {Class: Role:} specific private
= [IE]| PowerPlug { Class: SourceABBPIugSUC Role: } H
= ~o Interfaces ObjeCtS

~a P1 {Class: SourcePowerSupplyInterfaceType}
Room 1 { Class: Role: }
BusTopology { Class: Role: }
newPBDeviceMasterl { Class: C0_PE_Master_Device Role: CO_Fieldbus_Master_Device}
= =o Interfaces
~o 12 { Class: CO_DigitalInput}
SupportedReleClass: CO_Fieldbus_Master_Device
= E%WPBD@VKESBVEZ {Class: C0_PE Slave Device Role: CO_Fieldbus_Slave Device}
= o Interfaces
~o 12 { Class: CO_DigitalInput}
SupportedReleClass: CO_Fieldbus_Slave_Device
= E%WPBDewceSlavel { Class: CO_PB_Slave_Device Role: CO_Feldbus_Slave_Device}
= =0 Interfaces
~o 01 { Class: CO_DigitalOutput}
@ SupportedReleClass: CO_Fieldbus_Slave_Device
= [IE] HardwareStructure { Class: Role: }
B =0 Interfaces
~o TestSignal2 { Class: CO_AnalogOutput}
~o TestSignall | Class: CO_AnalogOutput}
@ @ newAC500_2 { Class: SourceACS005UC Role: SourcePLCRoleType}
= ~o Interfaces
~o NAOCZ2 {Class: CO_AnalogOutput}
~0 NAO1L { Class: CO_AnalogOutput}
=l Ll_'ﬂ newAC500_1 { Class: SourceAC5005UC Role: SourcePLCRoleType}
= =2 Interfaces
~o AI2 {Class: CO_AnalegOutput}
~o All {Class: CO_AnalogOutput}
~o AD1 { Class: CO_AnalogOutput}

=

m

ABB Neutral
Objects

= [3] UnknownSystemUnitClassLib
51| SourceABBPIugSLIC | Class: }
5u¢| SourceACS00SUC { Class: }
= [3] CollaborationObjectLib
= [suc] CO_Fieldbus_Slave_Device {Class: }
= C0O_PB Slave_Device { Class: CO_Fieldbus_Slave_Device}
ISRC| SupportedRoleClass: CO_Fieldbus_Slave_Device
58] SupportedRaleClass: CO_Fieldbus_Slave_Device
[=l CO_Fieldbus_Master_Device { Class: }
= C0O_PB_Master_Device { Class: CO_Fieldbus_Master_Device}
ISRC| SupportedRoleClass: CO_Fieldbus_Master_Device
[5R(| SupportedRoleClass: CO_Fieldbus_Master_Device

= UnknownInterfaceClassLib
~2 SourcePowerSupplyInterfaceType { Class: }

= E CollaborationObjectInterfacelib

= =2 CO_Signal {Class:}

| = ~o CO_DigitalSignal { Class: CO_Signal}
~o CO_DigitalOutput { Class: CO_DigitalSignal}
~o CO_Digitallnput { Class: CO_DigitalSignal}

= ~o C0_AnalogSignal { Class: CO_Signal}

~o CO_AnalogOutput { Class: CO_AnalogSignal}

(= [FHE CollaborationObjectStandardRoleLib
El CO_Fieldbus_Slave Device { Class:
kol CO_PB_Slave Device { Class: CO_Fieldbus_Slave_Davice}
| = [Row| CO_Fieldbus_Master_Device { Class: }
el CO_PB_Master_Device { Class: CO_Fieldbus_Master_Deavice}

= [FOF] UnknownRoleClassLib
| Rote| SourcePLCRoleType { Class:

© ABB Group
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Validation of CAEX files
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Rules

Extract:

- Existence of the AutomationML Version tag “AutomationML-Version 2.0”

- Existence of vendor specific meta data (the AutomationML label)

- Existence of CAEX schema file and correct naming of that file
“CAEX_ClassModel V2.15.xsd”

- Check existence of external CAEX files referenced with “ExternalReferences”
- Check existence of external data files (Collada, PLCopen XML)

- Check: alias’s shall have different names

- Check: existence of external CAEX files (splitting)

- Check: all InternalElements and Interface-Instances must have a unique 1D
- Check: Attributes shall have different names among siblings

- Check: mirror objects must have a unique 1D

AL ID D
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Performance measurement
How fast is the AutomationML engine?

30

25

Time needed [sec]
& S

[E
o

Absolute time needed to read CAEX files

/ %

-m-Loading using XSD serialization

A

Raw data

—<Loading raw file contents

0

_ye— TR |

- o

F —o—Loading using AML engine
LS

1000

2000 3000 4000
Number of objects [x 1000]

5000

6000
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Summary
What have we learned in this workshop?

Programming CAEX

_ Simple
<AutemationML /> . Fast

The Glue for Seamless
Automation Engineering

AutomationML engine
full support of newest AutomationML technologies
Quialification niveau to program CAEX: student
don‘t wait for semantic standards!

Published
www.automationml.org

License: free under LGPL license

© ABB Group
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