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DEXPI Group Overview AMr ‘ R“lw‘l’\é\%w

= DEXPI = Data Exchange for the Process Industry
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DEXPI — Common Goals M ‘ il

= General standard for the process industry based on ISO 15926,
Implemented in the next CAE software generation

= Input from process industry: Open and international information
model for the entire plant lifecycle
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= Input from the CAE vendors:
» General exchange standard for graphics

» export and import functions based on the new information model and
graphics standard
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Data Exchange
- (Semantic) Interoperability

What is the problem?



Semantic interoperability AMr ‘ Rwlw‘%\%w
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Mapping Verifications

verification
by common tools
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verification
performed by CAE Provider
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Problem: Common Verification needed /3/F | RWTH

= Requirements for a common verification method:
* Method must be publicly accessible - Web-Verificator
* Method must be well known = Presentation today, etc
* Method must rely on a common mapping model - 1SO 15926
* Method must use open transport layer - Proteus XML

= How does the Method work?
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Sample
Input

Method description I
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The seven steps to verification output



Step 1 : Sample Input AMr ‘ UNIVERSI%

Sample
Input

= Load / Receive Input file
= File should be generally checked
e Can it be loaded?
* Does it have the right content-format?
* Is it possible to load it into the parsing engine?
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Step 2: Convert to triples M‘ FONTHAACHEN

Sample Convert to
Input triples

= Convert to RDF-triples
—> basic of semantic technologies

= Extract all necessary information for verification
= Preserve information for later inference of verification results
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Step 3 : Add information model AMr ‘ FONTHAACHEN

Add
Sample Convert to - -
Input triples information
model

= |nformation model:
* General domain-specific and discipline-specific knowledge
« Stored as RDF-triples
« Extends knowledge about elements provided in the input file
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Step 4 : Add semantic rules M ‘ UNIVERSEQ

Add
Sample Convert to . .
: information

= Rules that describe the verification
= Written in a commonly used rule language
= Rules lead to positive or negative verification results

Semantic Interoperability Reasoning for Process Design Data
Michael Wiedau | ISO TC 184/ SC 4




Step 5 : Reasoning M ‘ R“Flﬂ'J';[l CHEN

Add Add
Sﬁ]mﬁtle C?ﬂvf}er; 0 information semantic
P P model rules

= Usage of a semantic rule reasoning engine

= Several reasoning engines on the market:
« Commercial (Bossam, ...)
* Free to use (OpenCyc, KAONZ2, ...)
* Open Source (Flora-2, Jena, ...)

= Several reasoning algorithms developed all over the world
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Step 6 : Receiving Results Al ‘ UNIVERSEQ

Add Add
Sﬁ]mﬁtle C?[ﬂvfg; 0 information semantic Reasoning
P P model rules

= Reasoning engine adds reasoning results as triples to the triple
store

= Relevant result-triples have to be selected
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Step 7 : Formatted Output Aa- ‘ RWTH

Add Add
Sla:]mlpj)tle C(:ﬂvﬁer; to information semantic Reasoning Results chrt?tag?d
P P _ model _ rules p

= Provide the output in
« 1. a human readable form < main focus!
e 2. acomputer readable form
= Provide the user with all preserved information to be able to

solve the problems that have been derived from the verification
process
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Add
Sample Convert to - -
3 information

Application of the method

Verification of exchange of
Piping and Instrumentation Diagrams (P&IDs)



Example file: the DEXPI P&ID
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Step 1: Sample Input as Proteus XML A/ | RWTHAZCHEN

Sample
Input

<?xml version="1.0" encoding="utf-8"?>
<PlantModel>
<Plantinformation
Date = "2014-03-07"
Discipline = "PID"
Is3D = "no"
OriginatingSystem = "DEXPI Test"
SchemaVersion = "3.6.0"
Time = "13:34.01"
Units = "mm">
<UnitsOfMeasure/>
</Plantinformation>
<Extent>
<Min X="0"Y ="0"/>
<Max X = "800" Y = "600"/>
</Extent>
<Equipment
ID="pP_02"
ComponentClass = "CentrifugalPump"”
ComponentClassURI = "http://posccaesar.org/rdl/RDS416834">
</Equipment>
</PlantModel>
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Step 2: Convert to triples M‘ FONTHAACHEN

Sample Convert to
Input triples

a dexpi_meta:Model

dexpi_meta:sourceline = 2""xsd:integer

dexpi_metahasSource \ dexpi_meta:isInstanceOf

a dexpi_meta:ComponentRelation
a dexpi_meta:Relation dexpi_im:Plant

dexpi_meta:sourceline = 20™"xsd:integer

dexpi_meta:isInstanceOf dexpi _meta:hasTarget

a dexpi_meta:Model

dexpi im:ComponentEquipmentsOfPlant dexpi_meta:sourceid = P_02
dexpi_meta:sourceline = 20"xsd:integer

dexpi_meta:simpleLabelOfClass = CentrifugalPump

expi_metardlOfClass

jord:RDS416834
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Step 3 : Add information model AMr ‘ FONTHAACHEN

Add
Sample Convert to - -
Input triples information
model
Equipment
FunctionalObjectDescription String
AssignmentClass
TagNameAssignmentClass String
TagNamePrefixAssignmentClass  String
TagNameSequenceNumber String
AssignmentClass

TagNameSuffixAssignmentClass String

Nozzles (0..%)

Nozzle
NominalDiameter Length
NominalDiameterStandardValue NominalDiameterStandardValue

HeatExchanger
DesignHeatFlowRate Power
DesignHeatTransferArea Area

EquipmentCom ponent ShellAndTubeHeatExchanger

SubequipmentldAssignmentClass String NominalDiameter

Length

NominalDiameterStandardValue NominalDiameterStandardValue

Shell TubeBundle

ShellAndTubeHeatExchangerTubeBundle

haatxchanoassl LowerLimitDesignPressure  Pressure

Pressure

LowerLimitDesignPressure
LowerLimitDesignTemperature Temperature

MaterialOf ConstructionCode
AssignmentClass

String

UpperLimitDesignPressure Pressure

UpperLimitDesignTemperature Temperature

LowerLimitDesignTemperature Temperature

MaterialOfConstructionCode  String
AssignmentClass

TubeLength Length

UpperLimitDesignPressure Pressure

UpperLimitDesignTemperature Temperature




Step 4 : Add semantic rules AMr ‘ Rwﬂ'l__.jf%i

Add
Sample Convert to . .
Input triples information
model

(?physical_quantity dexpi_meta:error ?msg)

<_

(?physical_quantity dexpi_meta:hasScale ?scale_usage)

(?scale_usage dexpi_meta:islnstanceOf ?scale)

(?physical _guantity dexpi_meta:islnstanceOf ?physical _quantity_ type)
noValue(?physical _quantity type dexpi_meta:hasScale 7?scale)

(?scale dexpi_meta:simpleLabel ?scale label)
(?physical_quantity_ type dexpi_meta:simplelLabel
?physical_quantity_type label)

strConcat(
?scale_label
" 1s no valid scale for a physical quantity of type
?physical_quantity_type_label
?msqg)
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Step 5: ReaSOning M ‘ UNWERS'%

Add Add
Sﬁmﬁtle C?ﬂvfg; 0 information semantic
P P model rules

= Implemented in Jena Semantic Web Framework

= General form:
(set of RDF triples) -> (set of RDF triples)

= Rules are used to
= enrich the model (cf. previous example)
= detect errors, e.g., detect invalid units
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Step 6 : Receiving Results Al ‘ R“am‘%\%w

Add Add
Sﬁ]mﬁtle C?[ﬂvfg; to information semantic Reasoning
P b model rules

a dexpi_meta:Model

dexpi meta:sourceline = 2"'xsd:integer

dexpi metathasSource \dexpi meta:isInstanceOf

a dexpi_meta:ComponentRelation
a dexpi_meta:Relation dexpi_im:Plant

dexpi_meta:sourceline = 20"xsd:integer

Ameta:has”farget dexpi meta:isInstanceOf

a dexpi_meta:Model

dexpi_meta:sourceline = 20""xsd:integer dexpi_im:ComponentEquipmentsOfPlant
dexpi_meta:sourceid = P_02

dexpi metaisInstance
Y
dexpi_im:CentrifugalPump
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Step 7 : Formatted Output AMr ‘ FONTHAACHEN

Add Add
Sﬁ]mﬁtle C(mvleer; to information semantic Reasoning Results
P P model rules
B By ", p——— e pe— ECE )

" DEXPI - Data EXchani nge in the Process In.,

(-@tldexpg rificator, 7w & | B Google »

DEXPI iy bRgggssNET SusChem

HLANEL

2% ak B

Click on the small arrow to uncollaps the tree. The element
data will appear under the PID image.

e

=

Your Verification Results

Navigation Tree:

i L] 1 Plant
4[] 1.1 Equipments
4= | ] 1.1.1 ShellAndTubeHeatExchanger H1007
b1 1.1.1.1 Shell: HeatExchangerShell
: 1] 1.1.1.2 TubeBundle: ShellAndTubeHeatExchangerTubeBt U
t- ] 1.1.2 PlateAndShellHeatExchanger H1008
i~ U] 1.1.3 DisplacementPump P4711
- ] 1.1.4 CentrifugalPump P4712
I

11.1.5 Tank T4750 §%

General Problems:

No problems found! Click here for higher re;.olution image.

Meta Data

Type |Value

Source ID [V_02

http://tools.dexpi.org/verificator

Relation Value
l Chambers|1.1.5.1.1 Chamber

1151 2 Chamher X
x
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Summary and outlook AMr ‘ RWTH

File verification method based on semantic reasoning

Applied in the DEXPI project
* Uses Proteus XML files
* Can be easily adapted to 1SO-15926:8 RDF-OWL files

Information model will be extended in the near and far future
* Current focus is on modelling functional Instrumentation of P&IDs

Future goal is to make use of this method also in other lifecycle
steps
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Thank you! A/T | RWTH

Thank you for your attention!
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