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An alarm is a device that signals the existence of a condition or situation that is outside the boundaries of normal expectation or that activates such a device.

Alarms include the provision of break glass buttons and manual pull boxes that are used to activate alarms.

HISTORY Mew entity in IFC4

¥ Attribute definitions

# Attribute

Type

Cardinality

Description

B PredefinedType

[foalarmTypeEnum

7

¥ Formal Propositions

Rule

Description

CorectPredafined Type

Either the PredefinedType aftribute is unset (2.0. because an FellarmTyoe is associated), or the inherited attribute ObjectTipe shall be provided. if the PredefinadType is set to USERDEFINED.

ComrectTypeAssigned

Either there is no alarm type object associated, i.e. the IsTypedBy inverse relationship is not provided, or the associated type object has to be of type fcAlarmType.

7.2.3.3.2 Inherited definitions from supertypes

¥ Entity inheritance
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IFC / IMGeo Geometric Model
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Semantic web technologies (RDF & OWL) promise to enable o £9%]
linking building data across various sources \
— improved information exchange with sources outside the ¢ ?
traditional BIM environments, additional to the already existing

techniques
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Different serializations of the same data model

IFC-SPF > EXPRESS

XML > XSD

RDF > ifcOWL

Pieter Pauwels, Walter Terkaj. EXPRESS to OWL for construction industry: Towards a recommendable and usable ifcOWL ontology.
Automation in Construction 63 (2016) 100-133.



ifcOWL ontologies available

Ifc2x_all_If.exp
IFC2X2_ADD1.exp
IFC2X2_FINAL.exp

IFC2X2_PLATFORM.exp
IFC2X3_Final.exp
IFC2X3_TCl.exp
IFC4.exp
IFC4_ADD1.exp

not supported

not supported

not supported

not supported
IFC2X3_Final.owl / .ttl
IFC2X3_TCl.owl / .ttl
IFC4.owl / .ttl
IFC4_ADD1.owl / .ttl

http://ifcowl.openbimstandards.org/IFC4 ADD1

http://ifcowl.openbimstandards.org/IFC4

http://ifcowl.openbimstandards.org/IFC2X3 Final

http://ifcowl.openbimstandards.org/IFC2X3 TC1



http://ifcowl.openbimstandards.org/IFC4_ADD1
http://ifcowl.openbimstandards.org/IFC4_ADD1
http://w3id.org/ifc/IFC4
http://ifcowl.openbimstandards.org/IFC4_ADD1
http://w3id.org/ifc/IFC2X3_Final
http://ifcowl.openbimstandards.org/IFC4_ADD1
http://w3id.org/ifc/IFC2X3_TC1

CLASSES

 Class hierarchy |  Class hierarchy (infemed) |

INDIVIDUALS

Individuals: ACTUAL

¥ | X

OJECT PROPERTIES

Object property hierarchy:

¥-- @ Thing
- @ BINARY
b @ BOOLEAN
b ENUMERATION
-~ IfcActorRole
b 0 IfcAddress
fre IfcApplication
b @ IfcAppliedvalue
= IfcApproval
v @ IfcBoundaryCondition
L IfcBoundaryEdgeCondition
- @ IfcBoundaryFaceCondition
. B 0 IfcBoundaryNodeCondition
b IfcConnectionGeometry
b @ IfcConstraint
b & IfcCoordinateOperation
b @ IfcCoordinateReferenceSystem
- @ IfcDerivedUnit
- IfcDerivedUnitElement
- @ IfcDimensionalExponents
b @ IfcExternalInformation
v IfcExternalReference
-~ W IfcClassificationReference
- @ IfcDocumentReference
e IfcExternallyDefinedHatchStyle

_—a e ' e B s

#® ABSORBEDDOSEUNIT
& ACCELERATIONUNIT

& ACCESS

# ACCESSORY_ASSEMBLY
% ACTIVE

& ACTOR

& ACTUAL

& ACTUAL

& ADD

& ADDED

#® ADIABATICAIRWASHER | nttp:/iwww b

& ADIABATICATOMIZING

#® ADIABATICCOMPRESSEDAIRNO:
& ADIABATICPAMN

#® ADIABATICRIGIDMEDIA

# ADIABATICULTRASONIC

& ADIABATICWETTEDELEMENT
® ADMIMISTRATION

& ADVICE_CAUTION

& ADVICE_NOTE

& ADVICE_WARNING

& ADVISORY

® AGGREGATES

@ AIRCONDITIONING

¥ mtopCObjectProperty

= AccessState

®m ActingRole

= ActionSource

= ActionType

® ActualDate

@ ActualDuration

® ActualFinish

® ActualFinish

™ ActualStart

™ ActualStart

= ActualUsage

™ ActualWork

® AdditionalConditions
® Addresses

® Addresses

® AddressLines

™ AgreementFlag

= AmbientIntensity

= AmountOfSubstanceExponent
® AnchorageSlip

m ApplicableDate

m ApplicableEntity

m ApplicableOccurrence
® ApplicationDeveloper
® ApplicationFullName

] »




Industry Foundation Classes (IFC)

There exists a standard, but:

not modular

not extensible
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not simple enough to use

i
il

i
it

AND not Web-compliant !
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Resource layer
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BOT + SOSA + geometry

Niveau 01 - IR Niveau 04

Show info Show info

Max temperature Max temperature

Mads Holten Rasmussen, Christian Aaskov Frausing, Christian Anker Hviid Jan Karlshgj, Integrating Building Information Modeling and Sensor
Observations using Semantic Web, Semantic Sensor Networks Workshop, https://youtu.be/P_38glvrbmg



https://youtu.be/P_38gIvrbmg

Implementation @Gigantium Denmark -
Combination with sensor data

Repo of 531 LBD building graphs

36 million triples in total

372 bot:Building instances
3,523 bot:Zone instances
2,117 bot:Space instances
615,452 bot:Element instances

Na

Stardog

/IFC-repo/

20151023 _TeklaBIMAwards2014
[Z] 52_TheParade
[ FSN_GCU
IFC_Meed
INTERLINK
= schependomlaan
[ buildingSMARTsamples
const
http.openifcmodel.cs.auckland.ac.nz
] iSIM
[ nice

prova

& 002.NP_A

@8 01_BIMcollab_Example_ARC
@ 01_General-Classroom1111
@ 02_BIMcollab_Example_STR
@ 04_Flat

@ 06_BIMcollab_Example_Limestonewalls
@ 1Floor_6Walls_5Doors_1Roof

@ 1wal_1Door

@ 20110616_bookTowerGhent

@ 2012-07-17-COBie201 3ClinicIFC

@ 20120829_DDS-Example_SimpleProductLibrary
@ 201604140ffice_model_CV2_fordesign

® 20161025ifcsaxion28-09-2016

4B 20170601_Mauer_Bmg

converted from http://smartlabl.elis.ugent.be:8889/IFC-repo/
to LBD using https://github.com/jyrkioraskari/IFCtoLBD

Ekaterina Petrova, Pieter Pauwels, Kjeld Svidt, Rasmus Lund Jensen, Towards data-driven sustainable design: decision support based on
knowledge discovery in disparate building data, Architectural Engineering and Design Management (2018) p.1-23



http://smartlab1.elis.ugent.be:8889/IFC-repo/
https://github.com/jyrkioraskari/IFCtoLBD
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Scan to LBD Graph

— sekm g oue
Project name: | . i p aseStudy_PresenceChambe UeaEsS0x 0~
Global URI: Serialize ;

Project Info | Semantics | Point Clouds | Query

emsseiue G Toar Tk STk STk o

Tk o Tk AT ke b
.0,2,0.0 0@ VW @A v om e

5
Object (Layer):  FirePlace_FirePlace_PresenceChamber v 9.8
Storey: Ground_Floor v 5
Space: Presence_Chamber v ,( ‘:
Adjacent | EXTERIOR v o
[V] Hosted | wall-SOLIDWALL EasternWall1_PresenceChamber v ;'g:i

Represented LoA: 39@ Micro-scale

Object Information

> Type: stgp:Fireplace v
> Sub-Objects:
i Neme: | ;i

Fireplace._Pilaster!
Fireplace Lintel
Fireplace_Pilaster

Fireplace_Hood Construct New|  Delete |

Type  stgp:Fireplace

Sub-Object has Geometries:
bddcf71-82¢8-4ac8-8¢78-edaed27e09bb
661fd183-552b-40bd-2177-2eadb41150dd
066126¢1-16c2-4e12-9dbe-0614c8143020
26736f49-2921-46¢0-bbc6-3776ec842df9
c436d5e6-f8b1-4caa-8844-6463e7%e52a7
dcl1cade-b887-4deb-bdf3-34ba10cdfdss
6002f9¢7-bdfa-4cbec-b4a90-a716d29elact
€9774¢35-2a877-4R07-9%¢2-667630dehhf7

OCCLUDED_AREA

Print all currently available Info

Jeroen Werbrouck, Semantic enrichment of the existing building geometry. Master Thesis 2018, Ghent University.




BOT and geospatial data

PROY *

* Using BOT to interlink . B}
Ordnace Survey Ireland E" s om
building data (>3.5 million -
buildings) oot "

g 53

* Provide a registry of - a

Building URI: http://data.gechive.ie/resource/building/3e3ceabe10c242e38cd5449b3dff3a26 = |

a uth O ratative U R | ’S fo r | ri S h Building Class: https://w3id.org/bot#Building

Building Form: hitp://ontologies.geohive.iefosi/building#form112

b U I | d I ng StOCk. IEUPIJU:J':] ef® t % 78
9 %
. . “, i
* http://geovis.adaptcentre.ie/ erstown & B
= utterneld Ave

* Username: odef adapt

* Password: geol123

Kris McGlinn, BOT and geospatial data, https://www.scss.tcd.ie/~mcglink/video/tutorial/geovis/geovis.html



http://geovis.adaptcentre.ie/
https://www.scss.tcd.ie/~mcglink/video/tutorial/geovis/geovis.html
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The cool and awesome intro movies

You (D

What is Linked Data?

https://vimeo.com/36752317

https://www.youtube.com/watch?v=4x xzT5eF5Q
https://www.youtube.com/watch?v=0M6XIICm qgo



https://vimeo.com/36752317
https://www.youtube.com/watch?v=4x_xzT5eF5Q
https://www.youtube.com/watch?v=OM6XIICm_qo




Resource Description Framework

RDF stands for Resource Description Framework
RDF is a standard data model for describing web resources

— Note: ‘web resources’ can make statements about anything in the real
world: DBPedia, geography, buildimginformation, sensors, ... anything
goes

e s'tl)y used

RDF is designed to be read and understo y computers

RDF is not designed for being displayed to peo not a file format,

. . . not a syntax, not a
RDF is written in XML usually schem: o a

RDF is a W3C Recommendation -> standardisation data model

http://www.w3schools.com/webservices/ws rdf intro.asp



http://www.w3schools.com/webservices/ws_rdf_intro.asp

RDF Graphs, what are they?

[ inst:WindowX |

rdf:type
ont:hasOpeningElement

LABELLED

ifc:IfcWindow

rdfs:domain

inst:OpeningElementY |

xsd:double |
rdfs:range
| ont:overallHeight

\{f;t):pe
owl:DataType

Property

rdf:type

DIRECTED rdfs.subClass

LiC:IfcOpening
Element

owl:Class

ifc:ifcBuilding |—Trdf-type Triple
Element




RDF Graphs, what are they not?

Hierarchies (cfr. XML) RDF graphs are
DIRECTED, LABELLED
GRAPHS

E —
= /
Relational databases (cfr. SQL) / —’\

1 —




Connecting Triples

PREDICATE PREDICATE

PREDICATE

SUBIJECT



The Semantic Web Technology Stack
(not a piece of cake...)

Mos1 apps use only a subset of the stack

Querying allows fino-grained daia access

red i oy

PV
APPLICATIONS

Formals are necessary, bul nol too important

The Semaritic Wob is based on the Web .« o’ oo
-

Tim Berners-Lee. WWW past & future, 2003. http://www.w3.0rg/2003/Talks/0922-rsoc-tbl/.



http://www.w3.org/2003/Talks/0922-rsoc-tbl/

Example RDF graph

@prefix b: <http://www.beta-i.com/building#> .
@prefix c: <http://www.beta-i.com/city#> .

<http://www.beta-i.com/today#building_1>
b:hasRoom <http://www.beta-i.com/today#froom_1>;
b:hasName “Our course building";
c:partOfCity <http://cities.com/#lisbon> .

<http://cities.com/#lisbon>
c:closeToCity <http://cities.com/#cascais> ;
c:hasName “Lisbon” .



Example RDF graph

b:hasRoom
- Room_1
Building_1

“Our course building”

\ 4

b:hasName

c:closeToCity

c:partOfCity

“Lisbon”

c:hasName




URI —

URI

b:hasRoom
Building 1

URI

- URI

——

URI—
c:partOfCity

URI

b:hasName

\ 4

“Our course building”

/
c:closeToCity @

URI
T c:hasName

“Lisbon”




Uniform Resource Identifiers (URIs)

URI stands for Uniform Resource ldentifier
Purpose: Obtain globally unique identifiers, so that information
can be exchanged globally.
Structure:
<http://www.beta-i.com/today#building_1>

Namespace Name
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Data integration now possible

MyBuilding Cities



Main principles

— distributed / decentralised |
information management LINKED (“’EN DAT%

On the web

— interactive information search : e |
q . N h Machine-read ! }
and reasoning over the we 1! Non-proprietary
— sharing partial data RDF standards
Linked RDF

Youg pata 574



Linked Open Data cloud (LOD)
b.t:a-lhz Audio- S Flickr \ \-'cb org gqué
Scrobbler /| QpOS exporter
» Oonfcrcncc
h Corpus
-
3 ; o8
BBC Crunch FOAF |
s m \ Bese ™ profies |
‘ flickr
Geo- \ Pro;ect
SR G“te" wrappr Vlrtuoso
Sponger
/‘ Open
/ ,‘ ’ Calais ¥
World \ Linked
/{ Magna- Fact- Yy / MDB
tune _\ book

RDF Book
Mashup

-
DBLP
Hannover
Un

LlnkedCT

Dany / ; i
Med
Pub (‘A—__ GenelD
" UniProt . /\{

Chem [JS—= _‘ - ,,,v
= KEGG N

, DBpedia -
Freebase
//!ﬁ AR /
i DBLP
Berlin Reactome |
Drug
Bank

\

http://tomheath.com/blog/2009/03/linked-data-web-of-data-semantic-web-wtf/



Bring BIM into the Semantic Web

[
iz, Surge

g /" Music e
Radio 5 fists he Open
d:v'aJ Discogs Brainz Library
3 Data In- (Talis)
2 cubator) ’ ¥

NHS
(EnAKTIng)

(€n- L\
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Energy ‘ Lotico f 1=\
{ 2
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LOD cloud grouped per domain

=

-

il

Publications

—1ncoming Links

—CQutgoing Links

Publications

S ncoming Links

m—(utgoing Links

https://lod-cloud.net/



https://lod-cloud.net/

C [ Sstardata.info/er

5 & OPEN DATA BY EXAMPLE COSTS & BENEFITS SEEALSO @ -~

5 % OPEN DATA

Tim Berners-Lee, the inventor of the Web and Linked Data initiator, suggested a
5-star deployment scheme for Open Data. Here, we give examples for each step
of the stars and explain costs and benefits that come along with it.

NN ININy
AA A AN

OL RE OF URI




(2= Sstardata.info

5 % OPEN DATA COSTS & BENEFITS SEE ALSO @ -~

BY EXAMPLE ...

Below, we provide examples for each level of Tim's 5-star Open Data plan. The
example data used throughout is ‘the temperature forecast for Galway, Ireland
for the next 3 days"

+  make your stuff available on the Web (whatever format) example ...

under an open license’

%  make it available as structured data (e.g., Excel instead example ...
of image scan of a table)”

make it available in a non-proprietary open format (e.g., example ...
C5V as well as of Excel)”

use URIs to denote things, so that people can peint at example ...
your stuff*

link your data to other data to provide context” example ...




What else?

 Ontologies

* An ontology is a formal, explicit specification of a shared
conceptualization |

| | |

Abstract model Machine-readable Concepts, Consensual
and simplified properties, knowledge
view of some relations,

phenomenon in functions,

the world that we constraints,
want to represent axioms

R. Studer, V.R. Benjamins, D. Fensel. Knowledge engineering: Principles and methods. Data & Knowledge Engineering 25(1-2): 1998. 161-197.
T.R. Gruber. A translation approach to portable ontology specifications. Knowledge Acquisition 5(2): 1993. 199-220.



URI —

URI

b:hasRoom
Building 1

URI

- URI

——

URI—
c:partOfCity

URI

b:hasName

\ 4

“Our course building”

/
c:closeToCity @

URI
T c:hasName

“Lisbon”




Standard vocabulary (1)

rvt:Column rvt:Column

rdf:type

COL_001 COL_002

rvt:hasCorbel rvt:hasCorbel

rdf:type COR_001 COR_002

rvt:Corbel rvt:hasGirder

rvt:hasGirder rvt:Corbel

rdf:type

GIR_001

rvt:Girder

rvt:hgsSlab

SLAB_1 SLAB_2 SLAB_3 SLAB_4 SLAB_5

rvt:Slab

G. Costa, P. Pauwels. Building product suggestions for a BIM model based on rule sets and a semantic reasoning engine.
Proceedings of the 32rd international CIB W78 conference. 2015. p.98-107.




Choose your ontologies wisely

Fie 5 Vo Cose Gnlae ke W e
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P

— Sw'h Ditgp  wec
Project name: | . j aseStudy_PresenceChambe WSE K00~ -
Global URI: Serialize 3

Project Info | Semantics | Point Clouds | Query

emsseiue G Toar Tk STk STk o

Tk o Tk AT ke b
.0,2,0.0 0@ VW @A v om e

3
Object (Layer): | FirePlace_FirePlace PresenceChamber v [T
Storey: Ground Floor - 8¢
Space: Presence_Chamber v ,u:
Adjacent | EXTERIOR v ol
[V] Hosted | wall-SOLIDWALL EasternWall1_PresenceChamber v b

Represented LoA: 39@ Micro-scale

Object Information

> Type: stgp:Fireplace v
> Sub-Objects:
i Neme: | ;i

Fireplace._Pilaster!
Fireplace Lintel
Fireplace_Pilaster

Fireplace_Hood Construct New|  Delete |

Type  stgp:Fireplace

Sub-Object has Geometries:
bddcf7f1-82¢8-4ac8-8c78-edaed27e09bb
661fd183-552b-40bd-2177-2eadb41150dd
066126¢1-162-4e1a-9dbe-0614c8143020
26736£49-2921-46c0-b6c6-3776ec8424f
c436d5e6-f8b1-4caa-8844-6463e79e52a7
dc11cade-b887-4deb-bdf9-34ba10cdfdss
6002f9¢7-bdfa-4cbc-b490-a716d29elact
€Q774c35-a877-4R07-05¢2-667630dehhf 7
Select

OCCLUDED_AREA

Print all currently available Info

Jeroen Werbrouck, Semantic enrichment of the existing building geometry. Master Thesis 2018, Ghent University.
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Thank you

Pieter Pauwels
pipauwel.pauwels@ugent.be

UNIVERSITEIT
GENT




