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CityGML, KuntaGML, 3Dkunta,
Inframodel,IFC... ovat sukulaisia toisilleen
XML maarittelyn kautta



CityGML moduulit

[ | - - 1 N -
<<lLeaf>> <<Leaf=> <<l eaf>> <<Leaf>> ’ <<lLeaf=> <<|Leaf>> H 0 dulei ADE
Appearance - Bridge - Building 4 CityFurniture '- | CityObjectGroup |- Generics - u9m' sa moduleista on syntynyt
! ! : ! ! ! laajennuksen kautta.
I I I_ _I : [ I ] I
] l ] Lo i ] e i l ] : Kuvaa osin sitd miten CityGML kehitysta on
I 1 L L} 1 ] 1 . . .
<<Leaf>> | <<Leaf>> | <<Leaf>> ' <<Leaf>> : <<Leaf>> ) <<Leaf>> | ohjattu/ei ole ohjattu ?
LandUse J: Relief : Transportation ’ 4 Tunnel J: Vegetation JI WaterBody J:
| | ' | ' |
| i A T iy l
| | ' | | |
: : Vo : : :
| | ] import= : | |
e e e ‘____l__ - - - 2| <<Application Schema>> L. . _____L‘_‘ ________________ b o e e i
<<import>> CityGML Core <<import>> ] Ovat
e L et . : <<Leaf>> mukana
' <impotts> <<import> - - | TexturedSurface 3Dkunta:ssa
W W [ckprecated
1 [ ]
<<XSDschema=>> <<XSDschema>=>
Geography Markup Language extensible Address Language
(fromO&0) {fromQASS)

Lahde: https://www.citygml.org/files/CityGML_2_0_0_UML_diagrams.pdf
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CityGML Core module

Maarittelee kaikille CityGML kohteille

yhteiset ominaisuudet

==Feature==>
gml.:_Feature
+name : gml:CodeType [0..*]

<<[ataType==
gml::CodeType
+name : Xs::string[1]

N +oodeSpace : xs:anyURI0.1]
<<Enumeration==>
Foat RelativeToTerrainType
<<Feature>> - -
. ) <<Feature=> multiPoint <=Geometny== +entirelyAboveTerrain
S sl e Address = gml:MultiPoint +substantiallyAboveTerrain
Fa * 0.1 +substantiallyAboveAndBelowTerrain
1 +substantiallyBelowTemain
<<Feature== 1 =<DataType>> +entirelyBelowTerrain
CityModel valAddress XAL::AddressDetails
- <<Features= <:<:Enumera1ion:=:>
/ CityObject | . - RelativeToWaterType
- <l = i
» [FereationDate - xs::date [0..1] ¢ e:(temalReference; - Extern::?R:l%?ence o IyAlboveWaterSurface
+ferminationDate : xs::date [0..1] N : : +substantiallyAboveWaterSurface
cityObjectMember | +relativeToTerrain - RelativeToTerrainType [0..1] d +informationSystem : xs:anyURLD.1] +substantiallyAboveAndBelowWaterSurface

+relativeToWater : RelativeToWaterType [0..1]

generalizesTo

B

<=Dhject==
ImplicitGeometry *

referencePoint

==iGeometry=:=

+mimeType : gml::CodeType

+libraryObject - xs::anyURI

+transformationMatrix . TransformationMatrixdx4Type

0.1 ==Geometry=:=

- gml::Paint
]

+substantiallyBelowWaterSurface

1 +entirelyBelowWaterSurface
extenalObject Wrﬂw\hwez\ndBelowWaterSurface
<<|Inion==

ExternalObjectReference

<RgmitiveType==
Transformati atrixdx4Type

+name : xs:string [1]
+uri ; xs::anyURI [1]

+gml::doubleList [16]

relativeGMLGeo metry/-

gmi::_Geometry

Copynght © 2012 Open Geospatial Consortium, Inc. All Rights Reserved.

Ulkoinen viittaus. Mahdollistaa viittauksen
sanoman ulkopuolella olevaan lahteeseen



Building

lod3implicitRepresentation ) ~<To
lod4impilici resentation corez:implicitGeometry
0.1
lod9imolicitRenresentation o) lod2imolicitResresantation
InddimplicitRenresentation [l lod3imolicitReoresantation
- loddimplicitiepresantation

0.1

u|a|e

<<Faatura=> <<Featura==
core::_ CiyOhyi core::_Site

e eaiuneEr
Buildinginstzllation

0.1

.

- 0.1
ZaGeamene Ilod2Geometry -
lod4Geometry _ | gml:;_Geomeny lod3Geometry * |+ciass - gmi-CodeType [0.1] -
led4Geometry +function : gml:-CodeType [0.%] >

+usage : gml-=CodeType [0..7]
= M, cuterBuildinglnstallztien

=<Feamre> -
ImtBuildinglnstallation — — - =ddress ==Featune=> address
+class : gml:CodeType [0..1] + inseriorBuildinglnstallation < | core:Address | -
* |+function - gmi-CodeTyps [0.%] . (:> . .
+usage - gmizCodeType [0.7] o
reaminstalation +class - gmi-CodeType [0.1] L
+uniction : gmi:CodeType [0.4] € -
+usage : gml:CodeType [0.4]
+yearZiConstruction ; x=:gYear [0.1]
L] ZZFeatures> +yearCiDemolition : xs:g'ear [0..1] :
£ BuildingFurniture +deWE:9q1fDdeTﬁi;&H_ S =
lass © gl CodeT; .1 +measuradHzght | gml:: ype [
+ﬁ.|rmur? gm::mﬁg [El:!."] +storeysAboveGround : xs::nunNEpa!.mEInhe;er[DJ]
+usage - gmi-CodeType [0.4] myth_aluwGruurd : xs::nnnNEpalru'Elnneger[D..IJ
+storeyHeightsAboveGround : gml:MeasureOriullListType [0..1] s
- imeriorFurniture -+storeyHeightsBelowGround : gml:MessureOrNullListType [0..1] P
0.1 0.1 ZFestursrs <=Features>
<‘f“ﬁ:€‘” f— Building BuildingPart |*
+class : gmi:CodeType [0..1] consistsOfBuidingPart
function : gml-=CodeType [0..4] ntasiorRoonm
+usage : gmi:CodeType [0..4] A Soh e MutSuTace TodTTemaninierseciion
0.1 (';:. . fSarace TodZTemzinimersecicn
& ultSurface lod0Fcot™rint lad3Terraininterseciion
Indd=nlid kddMultSurface|  lod0RoofEdpe nd4Terainintersection
0.V 01 0.1 W .
- ==Geometry=: ZaGenmetny== lod2MukiCurye
—_— gml:: Sofid aml::MultiSurface lod3MuEiCurve
0.1 TodWuRiCurve
a
.n-_.w]'\ 0.1 0.1 o 5 Wp 1
. e — loddhiultiSurisce =:=DSEDrn|_ah'y!=:=
Opening : TR gmi:MultiCurve
¥ opening loddhultiSurface
{{‘:_e::jre}} {{Fﬂm}} boundedEy * . = boundedBy
incow r <<Featura>> :
- < = _BoundarySurface boundedBy
0.2 ~ boundedBy
I 1 T T 1 T 1
Z=Featura=> Z<Featurs>> <<Feature>> <<Feature>> <<Feature®> ZFeslurs== <<Feature>>
RoofSurface Wall Surfacee Ground Surface ClosureSurface CeilingSurface Interioriall Surface FloorSurface
=EFeature== =<Fasture==
OuterCeiling Surface OuterFloorSurface
Léhde: https://www.citygml.org/files/CityGN

I Periytyy CityObject:sta

Elementit joiden tyyppi on
gml:CodeType (arvojoukko)
sisaltod voidaan maaritella
"vapaasti”.

IL 2 0_0_UML diagrams.pdf



Transportation

<<Feature=>
core::_CityObject

FAN

<<Feafure==>

/

_ TransportationQbject
V
==Feature==> -mm‘/ <=Feature=> - =<Feature== /
TrafficArea IcArea TransportationComplex EH:IXIIIaryTrﬂlﬂ{:AI'Ei AuxiliaryTrafficAre
+class - gml::CodeType [0..1] e >{+class - gml:CodeType [0..1] o ;" +class - gml:CodeType [0..1] /
+function : gml::CodeType [0..%] * *|+function : gml:CodeType [0..7] +iunction : gml::CodeType [0..*]
+usage : gml::CodeType [0..7] +Usage - gml:CodeType [0..%] +usage : gml:CodeType [0..%]
+surfaceMaterial : gml::CodeType [0..1] T 4:. " | lodONetwork +surfaceMaterial - gml::CodeType [0..1]
lod1MultiSurface ==Feaiure=> ==Feature=> ==Geometry==
. Track Railway gml::GeometricComplex
lod2MultiSurface
lod3MultiSurface <<Feature=> <<Feature>>
lod2MuliSurface loddMultiSurface Road Sauare
lod3MultSurface 0.1 lod2MultiSurface \
0.1 — 0.1 ]
lod4MultiSurface <Geomelry>> lod3MultiSurface
gmi:MultiSurface -
loddMultiSurface

Periytyy _CityObject:sta

Elementit joiden tyyppi on
gml:CodeType (arvojoukko)
sisaltd voidaan maaritella
”vapaasti”.

Nama ovat mukana 3Dkunta:ssa



CityGML "gml:codeType ”

* Eivat ole osa CityGML skeemaa
* Voidaan maaritella sovelluskohtaisesti

* Esimerkiksi rakennuksella on seuraavat ominaisuudet, joiden
arvojoukko voidaan maaritella sovelluskohtaisesti:
* Class (habitation, sanitation,sport...)
* Function (residential, hostel...)
* Usage (residential, hostel...)

* SIG3D on tehnyt suosituksen/mallisuorituksen:
* https://[www.sig3d.org/codelists/standard/building/2.0/
* http://www.citygmlwiki.org/index.php?title=CityGML Code_Lists



https://www.sig3d.org/codelists/standard/building/2.0/
http://www.citygmlwiki.org/index.php?title=CityGML_Code_Lists

CityGML laajennos

Laajennetaan CityGML tietomalli sisaltamaan 3dKunta maarittelyn
mukaisia uusia kohteiden ominaisuuksia:

Kaksi toteutusvaihtoehtoa:
1) Yleiset kohteet ja ominaisuudet (Generic objects and attributes)
2) Sovelluslaajennus (ADE (Application Domain Extensions))



o,

<<Feature=>
gmi::_Feature

T

eiset kohteet ja ominaisuudet (Generic
njects and

attributes) laajennus

gen:_genericAttribute *

==DataType==
gen.:_genericAttribute

<=Faature==
gmi::_FeatureCollection

i

<<Feature>=

CityModel

*

app:-appearanceMember

<<Feature>>
app::Appearance

+theme : xs::string [0..1] *

apprappearance

cityOhjectMember

. ( X

+name : xs:string [1]

2,

gen:._genericAtik

==DataType=>
gen::stringAttribute

==DataType==>
gen:intAttribute

==DataType=>>
gen::doubleAttribute

+vyalue : xs::string [1]

+value : xszinteger [1]

+value : xs::double [1]

=<=DataType==>
gen::dateAttribute

=<DataType==>
gen::uriAttribute

<=DataType>=
gen::genericAttributeSet

+value : xs:date [1]

+value : xs-anyURI [1]

+codeSpace ;- xs:anyURI [0..1]

=<Feature==
CityObject

+creationDate : xs::date [0..1]

+terminationDate : xs::date [0.
+relative ToTerrain - RelativeToTerrainType [0..1]
+relative ToWater : RelativeToWaterType [0..1]

A] o

<<DataType>>
gen::measureAttribute

+value : gml:MeasureType [1]

generalizesTo

==Geometry=>

gmi::_Surface

dem::ReliefFeature

=<=Feafura==

=<Feature==>
luse::LandUse

=<Feature==>

veg::_ VegetationObject

frn::CityFurniture

<<Feature=>=>

=<Fegaturg==>
wir::_WarerObject

baseSurface

0.2 T
1

<<Feature==

<<(Geometry==>

<<Feature>>

z<Feature==

<=Fpature==

gen::GenericCityObject _Site tran:;_TransportationObject grp::CityObjectGroup
[ [ 1
=<Feature==> =<Feature== <<Feature=>

bidg::_AbswractBuilding

wun::_AbstractTunnel

brdg::_AbstraciBridge

Copynght @2012 Open Geospatial Consortium, Inc. All Rights Reserved.

gml::OrientableSurface

+orientation : gml:SignType [0..1]

0

<<Geometry=>
tex::TexturedSurface

* Ominaisuudet esitetdan
*  ”"Ominaisuuden nimi” —"Ominaisuuden arvo” pareina

* Vajavainen, koska esim. pattern ja pakollisuuksien maaraaminen ei
mahdollista.

* Tarkat sovellusohjeet tarvitaan, koska skeema ei validoi tiedon muodollista
oikeellisuutta

* Hiukan vastaava tapa milla Inframodel laajennus on on toteutettu
LandXML:n paalle



ADE laajennus

Kaksi tapaa
a) Periyttamalla CityGML kohde

* Yleistden voisi sanoa, ettd vastaava tekniikka, jolla KuntaGML on rakennettu GML:n
pdalle. Tassa siis rakennettaisiin Kunta3DGML CityGML:n padlle

* Oma erillinen skeema, jossa madrittely
e kunnianhimoisin,
* CityGML sovellukset eivat valttamatta ymmarra sanomia.

b) Laajentamalla CityGML kohteen ominaisuuksia
* lisatadan ominaisuuksia kayttaen rakentamalla erillinen skeema, jossa maarittelyt
« XML sanoma teoriassa yhteensopiva alkuperaisen CityGML skeeman kanssa

* CityGML sovellus, joka ei ole tarkka CityGML skeeman mukaisuudesta selviaa taman
kanssa



ADE konsepti

* ” The ADE conce]Pt defines a special way of extending existing CityGML feature types which
allows to use different ADEs within the same instance document simultaneously (see below).

* For example, the specification of
ADEs can be useful in the following application fields:

* cultural heritage (extension of abstract class _CityObject
e.g. by time period information and monument protection status)

* representation of subsurface objects (tunnel,
underpass)

* city lighting (light sources like street lamps and house lights)

* real estate management (economic . _ .
%asr(z_j\Fr{rEe)zters of the CityGML features inclusion of attributes defined for real estate assets as defined by
)

* utility networks (as topographic features);

 additional buildin% properties as defined by the U.S. national building
information model standard (NBIMS).

[



CityGML 2.0 vs. CityGML 3.0
@ 3dkunta

 Pohdittavia asioita:

e Sovellustuki 3.0? ,
* Sovellustuki 2.0 — kuinka pitkaan
* Jos toteutetaan 2.0:aan niin mika on

polku 3.0:aan

Mika on todellinen ero 2.0 ja 3.0
valilla

* Onko 3.0:ssa sellaisia ominaisuuksia
joita 3dKunta todella tarvitsee

Dec 2017 UML diagram proposal finished and published to CityGML
SWG

Mar 2018 - Orleans SWG Vote on adoption of normative UML
diagram

Jun 2018 - Fr Collins Presentation of complete CityGML Conceptual
Model specification 3.0

Sep 2018 - Stuttgart: Presentation of complete CityGML GML
encoding specification 3.0 SWG Vote on CityGML Conceptual
Model specification 3.0, OAB review and public review to follow

Dec 2018 SWG Vote on CityGML GML encoding specification 3.0

Jan 2019 Publication of CityGML Conceptual Model specification
3.0, OAB review and public review to follow

Mar/Apr 2019 Publication of CityGML GML encoding specification
3.0



Linkkeja

* Citygml:
* https://www.citygml.org

* ADE:sta

* https://opengeospatialdata.springeropen.com/track/pdf/10.1186/s40965-
018-0055-6

* 3DSig
* https://[www.sig3d.org|/
* CityGML 3.0
* https://www.citygml.org/ongoingdev/v3/
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CityGML “Level of Detail” - LOD

LOD kuvaus:

CityGML erottaa viisi eri tarkkuustasoa,
LODo-LOD4.

Tarkkuustason kasvaessa kohteiden
geometriset ja temaattiset yksityiskohdat
lisdantyvat, jolloin mallin tarkkuus kasvaa

Fig. 3: The five levels of detail (LOD) defined by CityGML (source: IGG Uni Bonn)

3Dkunta



Geometria ja Topologia CityGML:ss3

e Geometria:
e Kaaria ei tueta

* Geometria voidaan jakaa eri kohteiden valilla — eli sama geometria
esiintyy vain kerran sanomassa
* Kolme esimerkkitapausta:
* Polku: Transportation feature(Surface) — Vegetation Feature(Surface)
* Seind(Surface) — Rakennus (Solid)

 Rakennuksien valinen seina:

. Fsakre]ecnnu)m(Solid) — Seind(Surface)- Rakennus2(Solid) - eli viittaavat molemmat samaan seindan
urface

* Topologia toteutettu Xlinks tekniikalla (toisin kuin GML:ssd)

* Yksisuuntainen - Rakennus tietaa mista seinista se koostuu, mutta seina ei tieda
mihin rakennukseen/rakennuksiin se kuuluu
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