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Abstract: This study aims to improve the interoperability between the application domains of Building
Information Modelling (BIM) and Geographic Information Systems (GI5) by linking and harmonizing
core information concepts. Many studies have investigated the integration of application schemas and
data instances according to the BIM model IFC and the GIS model CityGML. This study investigates
integration between core abstract concepts from IFC and ISO/TC 211 standards for GIS—independent
of specific application schemas. A pattern was developed for conversion from IFC EXPRESS schemas
to Unified Modelling Language (UML) models according to ISCYTC 211 standards. Core concepts
from the two application domains were linked in the UML model, and conversions to implementation
schemas for the Geography Markup Language (GML) and EXPRESS were tested. The results showed
that the IFC model could be described as an ISO/TC 211 compliant UML model and that abstract
concepts from ISCYTC 211 standards could be linked to core IFC concepts. Implementation schemas for
BIM and GIS formats could be derived from the UML model, enabling implementation in applications
from both domains without conversion of concepts. Future work should include refined linking and
harmonization of core abstract concepts from the two application domains.
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Informasjonsmodellering
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From the real world to conceptual models.

Jetlund, K. (2021). Harmonizing and linking conceptual models of geospatial information. Faculty of Engineerin:
Department of Manufacturing and Civil Engineering, Norwegian University of Science and Technology. PhD: 207.




Modelldreven arkitektur
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From: Jetlund, K., Onstein, E., Huang, L., Information Exchange between GIS and Geospatial ITS Databases Based on a Generic
Model. Isprs International Journal of Geo-Information 2019, 8(3), p. 141,DOI: ARTN 141 10.3390/1jgi8030141.
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The research showed that all semantics from the IFC
model could be converted to an ISO/TC 211 compliant
UML model and that implementation schemas for both

application domains could be derived from the UML

model.
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IFC | GML-format

<i1fc:IfcSite> [36 lines]
<ifc:IfcAlignment gml:id="vegvesen.no.nvdb.88263528">
<i1fc:globalld>30celeac—408£8-4594f-h556-e35£d683687d</1fc:globalId>
<ifc:name>Alignment BB263528</ifc:name>
<ifc:description>Example alignment feature</ifc:description>
<ifc:axis>
<ife:IfcAlignmentCurve>
<ifc:dim>3</ifc:dim>
<ifc:curver
<gml:LineString srsName="EPSG:6£150" srsDimesnsion="3">
<gml:posList>13318%.363 1313776.627 135.218 133289%.351 1313747.742 142.1
133364.851 1313764.775 146.8 133543.175 1313888.363 154.8
133679.45%6 1314048.563 157.3 133835.121 1314127.771 1l&3
134048.109% 1314279.143 175.9% 1350591.153 1314562.761 205.5%54</gml:poslist>
</gml:LineString>
</ifc:curve>
<ifc:horizontal xzlink:href="IfcAlignmentExample.gmlivegvesen.no.nvdb.B8263528_0 H"/>
</ifc:IfcAlignmentlurve>
<fifcraxis>
</ifc:Ifchlignment>

<ifec:Ifcalignment2DHorizontal gml:id="vegvesen.no.nvdb.88263528 0 H"» [64 linesl
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[fcPositioningElement

#FeatureTypes
IfcProductExtension::
IfcLinearPositioningElement

1.1

+axis

«FeatureTypex»

IfcGeometricRepresentationitem IfcProductExtension::IfcAlignment

«FeatureTypex

e tryResource:Ife + predefinedType: IfcAlignmentTypeEnum [0..1]

IfcGeometricRepre
wFeatureType:

IfcGeometricConstraint!

IfcAlignment2DHori

1
+ startDistAlong: IfcLengt!

::ifcObject
+ fdim: IfcDimensionCount + objectType: ifcLabel [0..1]
. zIfcRoot
constraints )
dervedim}  fe-=-- . + globalid: IfcGloballyUniqueld
! + name: IfcLabel [0..1]
, + description: IfcText [0..1]
i
i
i
i
1
«FeatureTypes
IfcGeometryResource:: &EXPRESS DERIVE»
IfcBoundedCurve {derive dim : Dim : [fcDimensionCount :
= [feCurveDim(SELF) }
fo.'atureT\rp.en +horizontal
IfcGeometricConstraintResource:
:IfcAlignmentCurve 1.
+ tag: Ifclabel [0..1]

«FeatureType»

listaggregate | | 1.
+5egments

{ordi

IfcGeometryResource::IfcCurveSegment 2D +curveGeometry

+ startDirection: IfcPlanedngleMeasure
+ segmentLength: IfcPositiveLengthMeasure

IfcAlignment.
«FeatureType:

IfcGeometricConstraint|
IfcAlignment2DHorizont iz e oo

R
£
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<ifc:IfcSite> [36 lines]
<ifc:IfcRlignment gml:i vegvesen.no.nvdb.B88263528">

<ifc:globalId>30cs2eac—48f8-494f-b556-=35£fdEB3687d</ifc:globalId>
<ife:name>Alignment_88263528</1ifc:name>
<ifc:description>Example alignment feature</ifc:description>
<ifc:axis>
<ifc:IfchlignmentCurve>
<ifc:dim>3</ifc:dim>

<ifc:curve>

srsDim ion="3">
135.218 133285.351 1313747.742 142.1
146.8 133543.175 1313888.363 154.8
157.3 133839.121 1314127.771 163

179.9 135091.153 1314562.761 205.954</gml:posList>

ame="EPSG:€150"

1313776.627
1313764.775
1314048.563
1314279.143

<gml:Line3tring =

<gml:posList>133189.363

133364.851

133679.49¢6

134048.109
</gml:LineString>

</ifc:curve>

<ifc:horizontal =li: ="IfcRAlignmentExample.gmlivegvesen.no.nvdb.BB263528_0_H"/>
</ifc:IfcAlignmentCurve>

</ifc:axis>

<ifec:If:

...Ja takk, begge deler!
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Oppsummering sa langt

Spoarsmalet er ikke «GML eller IFC», men...

» Hvilken konseptuell modell skal brukes i prosjektet?

* Huvilke utvekslingsformater ivaretar innholdet i
modellen?

 Og husk...

« Med modelldreven arkitektur kan vi bruke de
samme konseptuelle modellene i ulike teknologier

Kartverket




PropertySet — nok et felles multiplum!

«FeatureType»
IfeRelationship

«FeatureType»

7

«FeatureType»
IfcRelDefines

&

D IfcRoot

+ globalld: HdGloballyUniqueld
+ name: IfcLabel [0..1]
+ description: IfcText [0..1]

AnyFeature

«FeatureType»
Feature

PropertySet

+propertySet

«FeatureType»

IfcRelDefinesByProperties

«FeatureType»
IfcObjectDefinition

+relatedObjects

n

relatingPropertyDefinition: [fdPropertySet DefinitionSel ect 1.

«Union»

IfcPropertySetDefinitionSelect

¥
¥

propertySetDefinition: [fcPropertySetDefinition

propertySetDefinitionSet: HcPropertySet DefinitionSet

o

IFC

<li:Feature:
<gml:identifier c

</li:Feature:

</li:feature>

+ o+ o+ o+

name: CharacterString [0..1]

description: CharacterString [0..1]

spatialRepresentation: SpatialRepresentation [0..*]
linearlyReferencedlocation: LinearlyReferencedlocation [0..*]

«FeatureType»
Facility::FacilityPart

facilityPartID: ID

type: FacilityPartType

status: Status

footprint: Geometry [0..1]
altemative: CharacterString [0..1]

+ ot o+

«FeatureType»
Road::Road

+ roadID: ID
+ approximateWidth: length [0..1]

"Local">ExampleFeature</gml:identifier:>
<gml :name>Example generic feature</gml:name>

) <1i:feature>
<li:spatialRepresentation> [85 lines]
® <li:propertySet

"IfcPropertySetTest.gml#Pset WindowCommon.0QV0B8265mIz0gfBDaB4dgah™/ >

0.*

xSet

+ name: CharacterString

+ desaiption: CharacterString [0..1]
+ authority: CharacterString [0..1]

+propertyMember 1.*

+property 0..*

Property

name: CharacterString
desaiption: CharacterString [0..1]
valueType: CharacterString
value: Any [1..%]

units: CharacterString [0..1]

+ o+ 4+

VU053

SOSI Vegkropp
OGC LandInfra/InfraGML
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Konseptuelle modeller som PropertySet
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From: Jetlund, K., Onstein, E., Huang, L., Information Exchange between GIS and Geospatial ITS Databases Based on a Generic
Model. Isprs International Journal of Geo-Information 2019, 8(3), p. 141,DOI: ARTN 141 10.3390/1jgi8030141.




Eksempel: NVDB Belysningspunkt
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AbstraktBelysningspunkt «codelList» «codeList» «codeList»
«featureType» BruksomradeBelysningspunkt PlasseringBelysningspunkt EierBelysningspunkt
Belysningspunkt + Belysning bru + Festettil vegg/bygning + Fylkeskommune
+ antall: Integer [0..1] = 1 +  Belysning ferjeleie + Hengeritak/kabelstige + Kommune
+ avstandFraVegkant: Real [0..1] + Belysning gang/sykkelveg + Hengerivaier + Privat
+  bruksomrade: BruksomradeBelysningspunkt [0..1] +  Belysning gangfelt +  Lysmast +  Stat, Nye Veier
+ eier: EierBelysningspunkt [0..1] +  Belysning leskur +  Mindre stolpe + Stat, Statens vegvesen
+ eier_Navn: CharacterString [0..1] + Belysning omrade/plass + Nedfeltibelegning/dekke + Uavklart
+ fellesfgringLeietaker: CharacterString [0..1] +  Belysning privat omrade + Péaportal
+ fellesferingMedAnnenEtat: CharacterString [0..1] +  Belysning skilt +  Péskiltpunkt ]
+  FKB_ID: CharacterString [0..1] +  Belysning tunnel «codeList>
+ linearPosisjon: LineaerPosisjonPunkt [0..*] +  Belysning undergang VedikeholdsansvarligBelysningspunkt
+ overbelastningsvern: Overbelastningsvern [0..1] +  Belysning utstyr «codeListy . +  Fylkeskommune
+ plassering: PlasseringBelysningspunkt [0..1] +  Belysning veg/gate Stromtitfgrsel_Kategori +  Kommune
+  posisjon: Punkt [0..1] +  Belysning vegkryss + EX + Lokalte-verk
+  prosjektinternObjekt_ID: CharacterString [0..1] +  Kun kabelframf(brlng + Jordkabel +  Nye Veier
+ prosjektreferanse: CharacterString [0..1] +  Nedbelysning tunnel + Line + OPS
+  strpmtilfgrsel_Kategori: Strgmtilfgrsel_Kategori [0..1] +  Rgmningslys tunnel +  Privat
+ strgmtilfgrsel_TypeKabel: CharacterString [0..1] + Statens vegvesen
+ tilleggsinformasjon: CharacterString [0..1] ) +  Uavklart
+ vedlikeholdsansvarlig: VedlikeholdsansvarligBelysningspunkt [0..1] «codelist»
Overbelastningsvern
+ Ja
UNIFIED + Nei
MODELING
LANGUAGE ..

_\_______——-—!



Eksempel: NVDB Belysningspunkt

UNIFIED
MODELING
LANGUAGE .

Bebysrirgspunkt

BruksomrieB elysringspunkt

" [ Belysningspunkt

Type | nvdb:BelysningspunkiType

. [87: Lokasjonikonteiner med samiing av en
* |eller flere lysarmaturer og lysmast i ett punkt.
Det kan forekomme varianter.

sndedsts

fellesfaringLeietaker ®

000S: Navn pa leietaker(e) ved fellesfaring der SV har

-

tilleggsinformasjon ®

1488 Supplerende informasjon om vegobjektst som ikke
framkommer direkte av andre egenskapstyper.

prosjekireferanse ®

11072: Referanse til prosjekt. Det benyttes samme
prosjekireferanse som pa tiharende Veganlegg (VT30).
Benyttes for

prosjektinternObjekt_ID ®

—@)o

Type | string

12312: Objektmerking. Unik innenfor tiherende vagurns)ekt)

Fen |,
(Type [ string |

10852: Refererer til FKB-identitet. Benyttes i forbindelse
med felles forvaltning av geometri.

Kartverket

<GML>

Facets B %

+ X 1+ 4

length

minLength

maxLength

whiteSpace preserve

TTTX

N

Enumerations
enumeration  Stat, Statens vegvesen
enumeration Stat, Nye Veier
enumeration Fylkeskommune
enumeration Kommure
enumeration Privat
enumeration Uavklart

Patterns

eier
f ] (' nvdb:EierBersnmgspunleype) S

¥ nvdb:EierBelysningspunktEnumerationType €]

10003: Angir hvem som er eier av vegobjektet. )

LType | nvdb: E\erBersningspunktTypeJ

003: Angir hvem som er eier av vegobjekict. )

[# nvdb: ElerBersnlngspunktDmerType)(D

10003: Angir hvem som er sier av i )

(ocrian
D




Eksempel: NVDB Belysningspunkt

UNIFIED
MODELING ®
LANGUAGE .

Belysring ¢
Be

Belysring o
Belysning pivat on
Befysring sill

Rermningslys el

sndedsts

®387xsd X ®PSD_NVDB_Belysningspunktxml X

PropertySetDef PropertyDefs PropertyDef PropertyType  TypePropertyEnumeratedvalue

1

£s1:in D
<IfcVersion/>

<2xml version="1.0" encoding="UTF-§"2>
2 v <PropertySetDef smlns:xs

<Name»Pset_NVDB_Belysningspunkt</Name>
<Definition>Lokasjon/konteiner med samling av en eller flers lysarmaturer og lysmast i ett punkr. Det kan forekomme

<Bpplicability/>

<EpplicableClasses/>
<BpplicableTypeValue/>

<PropertyDefs>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>
<PropertyDef>

[25 lines]

€]

lines]

[17 lines]

£

lines]

[12 lines]

€]

lines]

[11 lines]

€]
€]
€]
€]
£
€]

lines]
lines]
lines]
lines]
lines]

lines]

<Name>eier</Name>

<Definition>Angir hvem som er eier av vegobjektet.</Definition>

<PropertyType>
<TypePropertyEnumeratedValuss

<Enumlist
<Enumltem>Stat, Statens vegvesen</Enumltem>

="PEnum_Belysningspunkt_Eier™>

<EnumItem>Stat, Nye Veier</Enumltem>
<Enuml tem>Fylkeskommune</Enuml tem>
<EnumI tem>Kommune < /EnumT tem>
<Enumltem>Privat</Enumltem>
<Enumltem>Uavklart</Enumltem>
</EnumList>
</TypePropertyEnumeratedValue>
</PropercyType>
</PropertyDef>

<PropertyDefs
<PropertyDef>
</PropertyDefs>
</PropertySetDef>

[8 lines]
[17 lines]

‘http://www.w3.org/2001/XMLSchema-instance™
="http://standards.buildingsmart.ory/ IFC/RELEASE/ [FC4/FINAL/PSD/PSD_IFC4.xsd">

Kartverket
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Eksempel: NVDB Belysningspunkt

Kartverket
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Modelldreven arkitektur

- FC4/FINAL/PSD/PSD_IFC4.x3d">
- smast i ett punkr. Det kan forskomme
Kartverket

AbstroktBelysnings

eatureTypen
Belysningspunkt

antalk Integer[0..1)= 1

avstandFraVegkant: Real 0..1)

bruksomrade: BruksomradeBelysningspunkt 0..1]
efer: EierBelysningspunkt [0..1]

eler_Navn: CharacterString [0..1]
fellesforingLeietaker: CharacterString [0..1]
fellesforingMedAnnenEtat: Characterstring [0..1]
FKB_ID: CharacterString [0..1]

linezerPosisjon: LinezerPosisjonPunkt [0..*]
overbelastningsver; Overbelastningsver [0..1]
plassering: PlasseringBelysningspunkt [0..1]
posisjon: Punkt [0..1

prosjektintemObjekt_ID: Characterstring [0..1]

Vuos3

ELI _
e o 1+
i ot owausong 01 S008I Vegkropp
tilleggsinformasjon: CharacterString [0..1] OGC L dl rrﬂ." rr GHL
andinfrafinfra

IFC PropertySetDefinition (
<GML> ®

Froen Suumd, K Omviwie, ., Busrg L, Tamd n I I C
Modal gy oozl

e PropertySetDefinition

</TypePropertyEnumeratedValue>
</PropercyType>
</PropertyDef>
<PropertyDef> [8 lines]
<PropertyDef> [17 lines]
</PropertyDefs>
</PropertySetDef>
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From: Jetlund, K., Onstein, E., Huang, L., Information Exchange between GIS and Geospatial ITS Databases Based on a Generic
Model. Isprs International Journal of Geo-Information 2019, 8(3), p. 141,DOI: ARTN 141 10.3390/1jgi8030141.
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Oppsummering

« Vitrenger standardiserte konseptuelle modeller

* Vitrenger utvekslingsformater som ivaretar innholdet i
modellene

* Med modelldreven arkitektur kan vi bruke de samme
konseptuelle modellene i ulike teknologier

* PropertySets gker fleksibiliteten og kan binde ulike
konseptuelle modeller sammen

* ...0Q:
 Vitrenger systemleverandgrer som er fleksible for a
statte ulike konseptuelle modeller

 Vitrenger systemleverandgrer som er fleksible for a
stgtte standardiserte teknologier for utveksling
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Det er mange lasninger for god dataflyt i livssyklusen
for det bygde miljget. Den ene teknologien er ikke
nadvendigvis bedre enn den andre.

Vi ma samarbeide om a tilrettelegge for at de ulike
standardiserte teknologiene kan samspille.

Knut Jetlund

Kartverket
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Kunnskap for en bedre verden ‘

Spersmal, diskusjon...
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