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SmartLab — Research topics

Building Information Modelling and Interoperability in AEC:
— Industry Foundation Classes (IFC)

— Semantic web and rules (N3Logic)

* Visualisation applications in AEC:
— gaming technology
— VR/AR

— rendering applications

Calculation and simulation applications in AEC:
— building performance checking

— building code checking
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Multimedia Lab — research topics

* Video coding and compression

* |Image/video processing and analysis
 Multimedia content adaptation
 Metadata technology

* Gaming technology

e Standardization in the domain of multimedia applications and
systems

— W3C, VCEG/JVT, MPEG, VQEG
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NinSuna:
metadata-driven media adaptation & delivery

& C f O ninsuna.elis.ugentbe/Showcase/main.jsp#songs kA €
i#® MyBBT » Login &3 NinSuna % Organon: MMLab's... [®)JavaAPI6 (o1 W3CMFWG [ ] W3CMFWGWiki + Corrib [ ] MMLab wiki > (] Andere bladwijzers

Exit Music (For a Film)

producer: Nigel Godrich
from: OK Computer

HTTP/MP4
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TOWARDS INTEROPERABILITY WITH
SMML
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[1] P. Pauwels, R. De Meyer, J. Van Campenhout. Interoperability for the design and construction industry through semantic
web technology. In: Proceedings of the 5th International Conference on Semantic and Digital Media Technologies (2010)
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[2] R. Verstraeten, P. Pauwels, R. De Meyer, W. Meeus, J. Van Campenhout, G. Lateur. IFC-based calculation of the Flemish
energy performance standard. In: Proceedings of the 7th European Conference on Product and Process Modelling 2008.
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Current situation in construction industry
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[1] P. Pauwels, R. De Meyer, J. Van Campenhout. Interoperability for the design and construction industry through semantic
web technology. In: Proceedings of the 5th International Conference on Semantic and Digital Media Technologies (2010)
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[1] P. Pauwels, R. De Meyer, J. Van Campenhout. Interoperability for the design and construction industry through semantic
web technology. In: Proceedings of the 5th International Conference on Semantic and Digital Media Technologies (2010)
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Semantic Web Interface

3D Game Environment
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3D Game Environment

Semantic Building Checker

#Processed by
#51d: euler yap 3098 2009-08-24 20:31:17Z josd §

@prefix: [..]

inst: RoomBoundary_1

NBNS014001:.ComfortLevel “normaal™*xsd:string .
inst: RoomBoundary 2

NBNS014001:ComfortLevel “verhoogd™ *xsd:string .
inst: RoomBoundary_3

NBNS014001:ComfortLevel “normaal™xsd:string .
inst: RoomBoundary_4

NBNS014001:ComfortiLevel “normaal™xsd:string .

#ENDS 16 msec
#Trunk : 94/326 = 28.8343568282200 %
#Branch: 1/93 = 1.07526858172043 %
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THE IFC-TO-RDF WEB SERVICE
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IFC-to-RDF
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| ConnectionGeometry
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(IMW) ServicesBuildings 5[0:1] FelatedBuildings S[1:7]
|

312,71 —O{ HKcRelServicesBuildings

Mapping schema’s:
1. ifcXML to RDF/XML via XSLT transformation

1.

2.

3.

Light-weight: conversion can occur
completely on an instance level
Time-consuming and prone to errors: it
takes time and concentration to build the
XSLT file

Limited expressiveness of RDF/ XML
format (no rule functionality)

2. Translate EXPRESS schema to OWL ontology
and use the ontology to build RDF instance
graphs

1.

Less prone to errors: once the mapping
between EXPRESS elements and OWL
elements is made, everything goes
smoothly and correctly

High expressiveness because of N3
syntax

[3] P. Pauwels, D. Van Deursen, R. Verstraeten, J. De Roo, R. De Meyer, R. Van de Walle, J. Van Campenhout. A semantic
rule checking environment for building performance checking. Automation in Construction 20(5) 2011, 506-518.
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RDF view on |FC

* |FC specification is written in EXPRESS
ENTITY IfcDoor
SUBTYPE OF ( IfcBuildingElement);

OverallHeight : OPTIONAL IfcPositiveLengthMeasure;

OverallWidth : OPTIONAL IfcPositiveLengthMeasure;
END_ENTITY;

e Two tasks

— automatic transformation of EXPRESS to OWL
— automatic conversion of IFC to RDF instances
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EXPRESS => OWL

* Not really new

— related work on EXPRESS-to-OWL conversion
— related work on IFC-to-OWL conversion

* J. Beetz, J. van Leeuwen, B. de Vries, IfcOWL: a case of
transforming EXPRESS schemas into ontologies,

Artificial Intelligence for Engineering Design Analysis
and Manufacturing (Al EDAM) 23 (1) (2009) 89-101
 We did it to get started
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EXPRESS => OWL

Entity -> owl:Class

ENTITY IfcRelationship

ABSTRACT SUPERTYPE OF (ONEOF (IfcRelDefines, IfcRelAssociates))
SUBTYPE OF (IfcRoot);

END_ENTITY;

ENTITY IfcRelDefines
SUBTYPE OF (IfcRelationship);
END_ENTITY;

ifc:IfcRelationship
rdfs:subClassOf ifc:IfcRoot;
a owl:Class.

ifc:IfcRelDefines
rdfs:subClassOf ifc:IfcRelationship;
owl:disjointWith ifc:IfcRelAssociates;
a owl:Class.
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EXPRESS => OWL

e Attribute -> owl:DatatypeProperty

TYPE IfcPlaneAngleMeasure = REAL;
END_TYPE;

ENTITY IfcLightDistributionData;

MainPlaneAngle : IfcPlaneAngleMeasure;
END_ENTITY;

ifc:mainPlaneAngle
rdfs:domain ifc:lfcLightDistributionData;
rdfs:range xsd:double;
a owl:DatatypeProperty.
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EXPRESS => OWL

TYPE IfcRatioMeasure = REAL;
END TYPE;
o Attrl -

Jvanced)
TYPE IfcPositiveRatioMeasure = IfcRatioMeasure;

WHERE

WR1 : SELF > 0.0;
END_TYPE;

ENTITY IfcProductsOfCombustionProperties

CO2Content : IfcPositiveRatioMeasure;
END_ENTITY;

ifc:cO2Content

rdfs:domain ifc:IfcProductsOfCombustionProperties;
rdfs:range xsd:double;

a owl:DatatypeProperty.

{?x a ifc:IfcProductsOfCombustionProperties. ?x ifc:cO2Content
?y. ?y math:notGreaterThan 0.0.} => false.
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EXPRESS => OWL
o SELECT for entities/types => owl:unionOf-
based class in rdfs:range

e ENUM types => rdfs:subClass with owl:one of
* List types => rdf:List
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EXPRESS => OWL

* Ontology available at

http://multimedialab.elis.ugent.be/organon/ontologies/IFC
2X3

e |ssues

— property name conflicts
* RDF => classes and properties independent
* EXPRESS => properties are declared with classes

— automatic generation of N3 rules
* TODOs

— OPTIONAL keyword should be mapped to OWL cardinality
restrictions

— UNIQUE and DERIVE keywords are not considered for the
moment


http://multimedialab.elis.ugent.be/organon/ontologies/IFC2X3
http://multimedialab.elis.ugent.be/organon/ontologies/IFC2X3
http://multimedialab.elis.ugent.be/organon/ontologies/IFC2X3
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|FC instances => RDF

1SO-10303-21;

HEADER;

FILE_DESCRIPTION (('IFC Engine Kernel version 1.11 beta.'), '2;1');
FILE_SCHEMA (('IFC2X3"));

ENDSEC;

DATA;

#1 = IFCORGANIZATION(S, 'Revit Architecture 2009, S, S, S);

#2 = IFCAPPLICATION(#1, '2009', 'Revit Architecture 2009', 'Revit');
#3 = IFCCARTESIANPOINT((0.,0.,0.));

#4796 = IFCAXIS2PLACEMENT3D(#3,5,S);
#4797 = IFCLOCALPLACEMENT(#4714,#4796);
#4798 = IFCDOOR(‘Z921',#33,5,#4797,#4792,'110146',2134.,914.9);
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|FC Instances => RDF

* Pretty straightforward from a conceptual point of
view

— Instance naming

* name of the type + line number

— #4796 = IFCAXIS2PLACEMENT3D(#3,S,S);
=> ifcAxis2Placement3D_4796

* Not so straightforward from a practical point of
view

— memory issues (triples are directly saved in RDF store)

— slow conversion progress (no optimized
implementation)



@prefix : <http://multimedialab.elis.ugent.be/ontologies/ifc/instances#>. . . .

UNIVERSITEIT ~ @prefix ifc: <http://muItimediaIab.eIis.ugent.be/ontologies/ifc/cEGIGleIy Of Englnee”ng and ArCh'tECture
GENT @prefix list: <http://www.co-ode.org/ontologies/lists/2008/09/11/list.owl#>.

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>.

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.

:ifcOrganization_1
ifc:name "Autodesk Revit Architecture 2010"*xsd:normalizedString;
ifc:thelfcld "1"~xsd:long;
rdf:type ifc:IfcOrganization.

:ifcApplication_2
ifc:applicationDeveloper :ifcOrganization_1;
ifc:version "2010"*xsd:normalizedString;
ifc:applicationFullName "Autodesk Revit Architecture 2010"*xsd:normalizedString;
ifc:applicationldentifier "Revit"A"xsd:normalizedString;
ifc:thelfcld "2"A"xsd:long;
rdf:type ifc:IfcApplication.

sifcCartesianPoint_4
ifc:coordinates ("0.0"A*xsd:double "0.0"A*xsd:double );
ifc:thelfcld "4"~xsd:long;
rdf:type ifc:IfcCartesianPoint.

:ifcDirection_5
ifc:directionRatios ( "1.0"*"xsd:double "0.0"**xsd:double "0.0"**xsd:double );
ifc:thelfcld "5"~xsd:long;
rdf:type ifc:IfcDirection.

:ifcDirection_10
ifc:directionRatios ( "0.0"*"xsd:double "0.0"**xsd:double "-1.0"*xsd:double );
ifc:thelfcld "10"~xsd:long;
rdf:type ifc:IfcDirection.

:ifcDirection_11

ifc:directionRatios ( "1.0"*"xsd:double "0.0"**xsd:double );
ifc:thelfcld "11"~xsd:long;

R T T I T O N s
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Upload IFC information
into IFC/RDF graph

http://ninsuna.elis.ugent.be/IfcRDFService

|FC-to-RDF Service

Upload an IFC file and we’ll convert it into RDF triples and store it in an EDOF store.

Browse...

Upload File

Status

Current state:  [dle

File name:


http://ninsuna.elis.ugent.be/IfcRDFService
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Query IFC/RDF graph

http://ninsuna.elis.ugent.be/SPARQLEndpoint

OpenLink Virtuoso SPARQL Query

This query page is designed to help you test OpenLink Virtuoso SPARCL protocol endpoint.
Consult the Vifduoso Wiki page describing the service or the Online Vintuoso Documentation section ROF Database and SPARGL.

There is also arich Web based user interface with sample queries. In order to use it you must install the iISPARQL package (ispargl_dav.vad).

—Query
Defauit Graph URI

| Use only local data (including data retrieved before), but do not retrieve more
Query text

select distinct ?Concept where {[] a ?Concept}

Display Results As: HTML [¥] Rigorous check of the query m”ml




)

N\
—
—

%f/ UNN'E:.‘JST.TEH Faculty of Engineering and Architecture
Browse IFC/RDF graph

http://ninsuna.elis.ugent.be/rdf/page/ifc/IFC2X3_TC1/ifcBuilding 36

ifCBu | |d | ng_SB at NinSuna

http://ninsuna._elis.ugent.be/rdfiresource/ifcIFC2X3 _TC1/fcBuilding_36

Property Value

ifc-buildingAddress ife-inst:IFC2X3_TCA/ifcPostalAddress 35
ifc.compositionType ifc:ifcElementCompositionEnum_element
s rdf-first of
ifc-globalld

[1 anonymous resource]
2uxRFQpWIsKA0BFXcolOBT (xsd:string)

ifc.objectPlacement m (fc-inst:IFC2X3 TCAfifcLocalPlacement 25
ifc:ownerHistory m fc-inst:IFC2X3_TCA/ifcOwnerHistory 33

15 IfcorelatingObject of m (fc-inst:IFC2X3 TCA/ifcRelAggregates 266
ifc thelfcld m 36 (xsd:long)

rdf type m (fc:ifcBuilding

This page shows information obtained from the SPARGL endpoint at http://ninsuna.elis.ugent_be/SPARQLERdpoint.
As N3 | As RDF/XML
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=4 "™ RDFExporter - RDFExporter

Let's export some RDF!

F=ady to publish the current project and explors its information online? Your project will be

published as part of the Linked Open Data cloud, thereby enabling you to connact with all kinds

of information over the web,

< Publish my project!

Closs

Read more about IFC\RDF and the Linked Open Data project,

1 T T ILI | ‘
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|
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SMART VIRTUAL ENVIRONMENTS
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visualisation in Unity game engine

[3] P. Pauwels, R. De Meyer, J. Van Campenhout. Visualisation of semantic architectural information within a game engine
environment. In: Proceedings of the 10th International Conference on Construction Applications of Virtual Reality 2010.

34
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References to
LOD cloud

A4

Enriched
BIM model

FBX 'mport | Virtual world )
representation in Unity3D :
export E
Real-time |

communication !

export IFC-to-RDF
IFC Serwce\ BIM model i
representation in LOD cloud :
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Creation of the virtual world

AIM Information View
AM View
VSC View
VRVS View

Normal View

Clear selection

[3] P. Pauwels, R. De Meyer, J. Van Campenhout. Visualisation of semantic architectural information within a game engine
environment. In: Proceedings of the 10th International Conference on Construction Applications of Virtual Reality 2010.
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Connecting FBX representation to the IFC/RDF graph (1)

~ ®Inspector | 5 .é
8y [ 'UB-Universal Beam 180x180UH[175853]

Tag | Untagged %+ | Layer | Default $ |
Discon Select | Reconnect | Open \

YA Transform

Position

X -0,3704793 Y 0,1094652 Z -0,06168044
Rotation

X 1270 Y 90 Z 0

[3] P. Pauwels, R. De Meyer, J. Van Campenhout. Visualisation of semantic architectural information within a game engine
environment. In: Proceedings of the 10th International Conference on Construction Applications of Virtual Reality 2010.
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Connecting FBX representation to the IFC/RDF graph (2)

SELECT distinct ?s WHERE {

?s <http://multimedialab.organon.elis.ugent.be/ontologies/IFC2X3#tag>
"175853"Mxsd:string .

?s <http://multimedialab.organon.elis.ugent.be/ontologies/IFC2X3#representation> ?0

|fC Bea m_972 1 at NinSuna

http://ninsuna_elis.ugent be/rdffresource/ifc/20100113_statiestraatstructuur/ifcBeam_9721 sz

Property Value

is rdf-first of m [30 anonymous resources]

ifc:globalld ®m ZNaVEFrCMImABPHMVEKS (x=d:string)

ifc:name m UB-Universal Beam:180x180UB:180:x180UB: 175853 [x=d:string)
ifc-objectPlacement m ifc-inst: 20100113 _statiestraatstructuur/ifcLocalPlacement_ 9643
ifc-objectType m UB-Universal Beam:180x180UB:127962 (x=d string)
ifc:ownerHistory B ifc-inst: 20100113 _statiestraatstructuur/ifcOwnerHistory 33

ifc representation m ifc-inst:20100113 statiestraatstructuur/ifcProductDefinitionShape 9720
ifc:tag m 175853 (xsd:string

ifc:thelfcld m 9721 (xsd:long)

rdf-type m jfc:lfcBeam

This page shows information obtained from the SPARQL endpoint at hitp://ninsuna_elis.ugent.be/SPARQLENdpoint.
As N3 | As RDEAKML
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Basic user interface
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SEMANTIC BUILDING
PERFORMANCE CHECKING
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yo— LOD cloud MODEL < MODEL
ateria —1 .
Manager A Ifc.rdf :_;ﬁwterlal.rdf
\
Layer Manager Enrich Validate . MODEL
rules.n3
Process Reasoning process

1. Triangulate

(@) (@) (@) (@) (@)
Q) Q) Q) Q) Q)
sllallallalla
) o) o) X X
cllelle |||l s
D () (] (0] D
m O (@] o >
Y
MODEL
results.rdf

v

Vis. Scripts

Y

2. Check space

3. Inflate

MODEL MODEL

NBN.xml Energy.xml
+ +

NBN.dII Epb.dll

y
Acoustics Energy
Viewer Viewer

Acoustics
Viewer
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databases

] SPARQL

Reasoner

)
D)

v

standards and application-specific
calculations

[4] P. Pauwels, D. Van Deursen, R. Verstraeten, J. De Roo, R. De Meyer, R. Van de Walle, J. Van Campenhout. A semantic
rule checking environment for building performance checking. Automation in Construction 20(5) 2011, 506-518.
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Description of ‘facts’

ont:overall W’I 180" |

| inst:WindowX |

ont:hasOpening
Element

inst:OpeningElementY

rdfs:subClassOf
rdf:type

ifc:IfcOpening
Element

ifc:IfcBuilding
Element

rdf:type

| ifc:lfcWindow

rdfs:domain

xsd:double
rdfs:range

| ont:overallHeight |

rdf:type

rdf:type

owl:DataType
Property

owl:Class |

[4] P. Pauwels, D. Van Deursen, R. Verstraeten, J. De Roo, R. De Meyer, R. Van de Walle, J. Van Campenhout. A sematttic
rule checking environment for building performance checking. Automation in Construction 20(5) 2011, 506-518.
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Description of ‘rules’

ont:hasMaterial

?y

ont:hasAcoustic

ont:hasR63Hz Property

'?z

Y

log:implies

{

?x onthasMaterial 7y .

?y onthasR63Hz 7z
}
log:implies
{

?x ont:hasAcousticProperty 7?7z
}

[4] P. Pauwels, D. Van Deursen, R. Verstraeten, J. De Roo, R. De Meyer, R. Van de Walle, J. Van Campenhout. A semantic
rule checking environment for building performance checking. Automation in Construction 20(5) 2011, 506-518.
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Converting standards into N3Logic

# Calculate R' [dB] for each Space surface that has a calculated Te,i value

{
# Find relevant Space surface and their Te,i values
?SS a ifc:SpaceSurface.
?SS ifc:spaceBoundary [ifc:relatedBuildingElement [:acousticTau ?taul]].
(?SCOPE 1) e:findall

(?tau {?SS ifc:spaceBoundary [ifc:relatedBuildingElement [:acousticTau ?tau]].} ?taulist).

# Calculate R' [dB] for each Space surface
?taulist math:sum ?summedTau.
(10 ?x) math:exponentiation ?summedTau.
(-10 ?x) math:product ?R

}

=>

{?SS :acousticR ?R}.
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rdf:type rdf:type

Connection

rdf:type

| vierendeel:VierendeelBeam |

rdf:type

rdf:first
log:implies
_:1683549
rdf:rest rdf:rest rdf:rest rdf:rest
| 1683549 | | 2649853 | | _:9564324 |
rdf:first rdf:first rdf-first
x4 ?2x3

[4] P. Pauwels, D. Van Deursen, R. Verstraeten, J. De Roo, R. De Meyer, R. Van de Walle, J. Van Campenhout. A semantic
rule checking environment for building performance checking. Automation in Construction 20(5) 2011, 506-518.
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="

7BE rdf:itype EN12354:BoundaryElement .

?BE EN12354.elementSurfaceArea 7a.

?BE EN12354:partOfRoomBoundary ?7RB .

?RB rdfitype EN12354:RoomBoundary .

?RB EN12354:facadeSurfaceArea ?atot.

?BE EN12354:soundReductionindex 4000Hz ?R 4000 .

?a math:notLessThan 1.

(?7a 7atot) math:quotient ?value i.

(’f’R 4000 -10) math:quotient ?value j.

(10  ?value j) math:exponentiation 7?value k.
(?value i ?value k) math:product ?value |

}
log:implies
{
?BE EN12354:directSoundPowerRatio 4000Hz “?value |
}

[4] P. Pauwels, D. Van Deursen, R. Verstraeten, J. De Roo, R. De Meyer, R. Van de Walle, J. Van Campenhout. A semantic
rule checking environment for building performance checking. Automation in Construction 20(5) 2011, 506-518.
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EYE reasoning engine

icrosoft Windows HP [Uersion 5.1.26801
CC» Copyright 1985-2801 Microsoft Corp.

»JDocuments and Settingssgenericreye —help

Id: euler.vap 4133 2011-02-20 23:27:30Z Jjo=d

AP 6.2_8 (i6B6—mingw32>: Tue Feh 15 21:58:86 WEST Z@A11

tarting 31 [msec cputimel] 189 [msec walltimel

Izage: eyr <npktinn=>»® {data?>»* {queryr*

e ye
Jjava —Jjar Euler.jar
vap —gq —1 euler.yap —g main —

options?
——nope no proof explanation
—no—hranch no hranch engine
——no—guars no guantified variables in output
——no—gnames no gnames in output
—qguiet incomplete e:falseModel explanation
——guick-false do not prove all e:falseModel
——guick—possible do not prove all e:possibleModel
—think generate e:consistentGives
——ances generate etancestorModel
——step <countz set maximimum step count <default 5S5ABHABAD
—plugin <yap_resource? plugin yap_resource
—uwcache <uri> <file> to tell that wri is cached as file
——ignore—syntax—erropr do not halt in case of syntax errop
——debug output debug info
—yprofile output profile info
—yersion show version info
—heclp ahow help info

data’>
<{n3_rezource> n3 facts and rules

query’
——qguery <ni_resource: output filtered with filter rules
——pass output deductive closure
—pass—all output deductive closure plus rules
—pass—only—new output only the new derived triples

»Jocuments and Settingssgenericim




ONVERSTET Faculty of Engineering and Architecture

EYE command

eye --nope --quick-possible --quick-false
facts.n3 rules.n3 --query query.n3 > result.n3

#Processed by $1d: euler.yap 3098 2009-10-24 20:31:17Z josd $

@prefix : [...]

inst:RoomBoundary_1 NBNS014001:ComfortLevel “normaal”**xsd:string .
inst:RoomBoundary_2 NBNS014001:ComfortLevel “verhoogd”*xsd:string .
inst:RoomBoundary 3 NBNS014001:ComfortLevel “normaal”*xsd:string .
inst:RoomBoundary_4 NBNS014001:ComfortLevel “normaal™*xsd:string .

#ENDS 16 msec
#Trunk : 94/326 = 28.8343558282209 %
#Branch: 1/93 = 1.0752688172043 %

[4] P. Pauwels, D. Van Deursen, R. Verstraeten, J. De Roo, R. De Meyer, R. Van de Walle, J. Van Campenhout. A sematttic
rule checking environment for building performance checking. Automation in Construction 20(5) 2011, 506-518.
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5 3 8 85 &€& 28 a5 8 B2 8 8
Mesh geometry Mesh geometry
Face normals
Texture mapping vertices
Freeform 3D NURBS curve
NURBS surface

Parameter space vertices
Trimming loops / holes
2D Primitives Point
Arc2D
ArcClose2D
Circle2D
Disk2D
Ellipse2D
Polyline2D
Polypoint2D
Rectangle2D
Triangleset2D
Hyperbola
Parabola
3D Primitives Box
Cone
Cylinder
Sphere
Torus
Polyline3D
Helix
Geometric features  Basic feature transformati-
ons (scale, rotate, etc.)

Surface modelling (sweep,
revolve, etc.)

Boolean operations

51
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| geom:Circle |

rdf:type

geom:hasXCoord

e geom:hasCenter /ﬂ ‘0 |
[_inst.CircleX geom:hasYCoord

inst:PointX |\,| 0 |

geom:hasRadius \g@:’{haSZC?g”rd |
112011 |
geom:throughPoints rdlf-type geom:Point |
|

(p1p2p3) | rdf:type

rdf rest rdf:first

| (2p3) | p1
geom:has- geom:has- geom:has-
XCoord YCoord ZCoord
I [0 1 [ 20 ]

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-
dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction.

Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.
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RDF

geom:hasXCoord | geomCircle rdf-type

inst.CircleX geom:hasCenter !
inst PointX oD owlClass |
geom:hasRadius geom:hasCenter rdf:type
rdf type
typ / m
| owl:ObjectProperty [ geom:Point
@prefix inst.  <http://smartlab.elis.ugent.be/aimontologies/inst#> . rdfs:domain

. <http: .elis. .be/ai i >, -
@prefix geom http://smartlab.elis.ugent.be/aimontologies/geom# | owl:DataTypeProperty rdf-type

inst:CircleX geom:hasRadius “20""*xsd:double .
inst:CircleX geom:hasCenter inst:PointX .

inst:PointX geom:hasXCoord “0"**xsd:double geomhasXCoord |
[ xsd-double
hasRadi rdfs:range
5 geom:hasRadius e
o hA .' geom:hasArea geom:Circle rdftype owl:Class .
it (R ' geom:hasCenter rdfs:domain geom:Circle .
[ geom:Circle | [(?y ?y geom:pi)] —_’_”/‘ geom:hasCenter rdfitype owl:ObjectProperty .
log:implies geom:hasCenter rdfs:range geom:Point.
math:product geom:Point rdfitype owl:Class .
geom:hasXCoord rdfs:domain geom:Point .
geom:hasXCoord rdfitype owl:DataTypeProperty .
geom:hasXCoord rdfsrrange xsd:double
?x rdfitype geom:Circle . OWL
?x geom:hasRadius ?y.
(geom:pi 7y ?y) math:product ?z
}
log:implies
{
?x geom:hasArea 7z
}

N3Logic .
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Wall | Wall Box Mesh | Mesh

IFC » |IFC/RDF » X3D/RDF » STL/RDF » STL
| |
| N3Logic |
| Euler proof engine |
JAVA JAVA
IFC to RDF convertor RDF to STL convertor

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-
dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction.
Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.
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| instIfcWallStandardCase |
ifc:object-
Placement

ifc:representation

| instIfcLocalPlacement 1 |

| inst:IfcExtrudedAreaSolid |

ifc-relative- " e
Blacement ifc:sweptArea ifc: position
inst:IfcAxis2- ) ) inst:ifcAxis2-
Placement3D_1 inst:IfcLocal- inst:ifcLocal- Placement3D_4
~~ Placement_2 Placement_4 3
bt
ifc.relative- ifc:placement- I
Placement RelTo ifc:position
inst:IfcAxis2- ) instIfcAxis2-
Placement3D_2 inst:IfcLocal- Placement2D_1
~~ Placement_3 ~
b L b L
ifc:relative-
Placement
inst:IfcAxis2-
Placement3D_3
e

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-
dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction.

Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.
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?prodDefShape ifc:representations
rdf:first

ifc:representation | (?A ?shapeRep)
rdf.rest

ifc:items ?shapeRep

?wall

?EAS

ifc:sweptArea ifc:extrudedDir
ifc:depth

[ 2sweptArea | [ 2depth] [ ?extrudedDir |

ifc:xDim / \ifcyDim dftype \m;directionRaﬁos

| 2xDim | | 2yDim || ifc: fcRectangleProfileDef | { (00 1) |

log:implies
2EAS rdf:type
x3d:Box
x3d:sizeX x3d:sizeZ
x3d sizeY
2»0m | [ 2yDm | [ 2depth |

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-

dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction
Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.



)

Faculty of Engineering and Architecture

UNIVERSITEIT
GENT

(?nx ?ny ?nz) |

?triangle temp:ntemp

(?v3x 2v3y 3z) |

(v2x 2v2y 2v27) |

(v1x vly v1z) |

|(2v 1 ’?r01X1)| I '>v1y 201X )| | Pix '?rotY1)| |(’?v1y '?rotY2)|

math:product math:product
math:product math:product

| ?RMprod1X1| | 2RMprod1X2| | ?RMprod1Y1] | ?RMprod1Y2)|

’

\ ’
’

\ 7 \
a ’
Ay 7 A

| (?RMprod1X1 ?RMprod1X2)| [(?RMprod1Y1 ?RMprod1Y2)|

stl:translation math:sum  math:sum ;

?RMpgodw |

|(’?transx ’?transy ’7transz)‘ | 7RMprod1X |

[(?RMprod1X 7transX) | [ (?RMprod1Y ZransY)] |(’?v1z “transZ)|

math:sum math:sum math:sum
viynew
log:implies C
stl:vertex1

(?vixnew ?viynew ?viznew) |

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-
dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction.
Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.
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STL/RDF

| (inst:XCo1 inst:YCo2 inst:ZCo3) | | (inst:XCo1 inst:YCo2 inst:ZCo3) |
stl:vertex1 Stivertex2

(inst:XCo1 inst:YCo2 inst:ZCo3) |

stl:vertex3

(inst:T2 inst:T3 inst: T4 inst:T5 inst:T6 inst: T7
inst: T8 inst:T9 inst:T10 inst:T11 inst:T12)

rdf:first /df:rest
_— —_— _— _— _—

(inst:T1 inst:T2 inst: T3 inst: T4 inst:T5 inst: T6 I
3D/RDF

inst:T7 inst:T8 inst:T9 inst:T10 inst:T11 inst:T12)
stl:triangles I x3d sizeY
4000”

|| _—
inst: Matrlx 2 Matrix r 2400 |
eZ
x3d:sizeX

x3d:siz
inst: Matnx 1
x3d rotatlon-
_— || _— || | ]
Matrlx

| inst:IfcExtrudedAreaSolid

ifc:representation
ifc:sweptArea ifc:position

l inst:IfcWallStandardCase I inst:IfcLocal- inst:IfcAxis2-
Placement_2 Placement3D_1

ifc:object-
Placement \‘
[ inst:IfcLocalPlacement_1 | ifc:position inst:ifcAxis2-

Placement2D_1

IFC/RDF

= = = SscdmanfEton

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-
dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction.
Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.
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Box Mesh | Mesh

IFC > IFC/RDF $ X3D/RDF $ STL/RDF | STL
|
| N3Logic |

| Euler proof engine |

JAVA JAVA
IFC to RDF convertor RDF to STL convertor

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-

dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction.
Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.
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?X
vertex

?triangleA

?Y
temp:shares- :
VertexWith tl:vertex
#tnangleB rdf:typ€™¥" sti. Triangle
rdf:type

log:implies C

temp:neighbouringTriangle
?triangleA|__—— ?triangleB

stl:vertex 5
temp:hasEdgg tem :‘sEdge/—b ?X
inst:Edge_1 \

?Y

stl:vertex

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-
dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction.

Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.
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rdf.type

?object

?0bjEdgelList

list: member

temp:object- /——> ?edgeY
Edges
inst: normallsed/ \'mst length

Vector

_— =¥ x3d:Box

(100) ?length

log:implies C

inst:boxXDim

?object

————— 3 7?length

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-
dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction.
Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.
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rdf:type | [nputarchitectural-
Model

input:units

input:min-

input:min-
WallHeight

WallWidth
“100”

math:greater-
Than

math:greater-
Than

math:greater-
Than

x3d:sizeZ
rdf.type

o

Q

3

=1

=

w
N

rdf.type

inst:width inst:thickness

inst:length

[5] P. Pauwels, D. Van Deursen, J. De Roo, T. Van Ackere, R. De Meyer, R. Van de Walle, J. Van Campenhout. Three-
dimensional information exchange over the semantic web for the domain of architecture, engineering, and construction.
Artificial Intelligence for Engineering Design, Analysis and Manufacturing 25 (4) 2011, 317-332.
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How to integrate diverse information models, in particular those that
describe the same information differently???

ltalian Normative UNI QO ClDOCd'CIRM
model o\ mode

cultural heritage
model

IFC model
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tool A

[Simulation

Render
Platform A

Render
Platform B

Simulation
tool B

CAD
System B

Virtual
World




