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City Geography Markup Language — CityGML

Application independent Geospatial Information Model
for semantic 3D city and landscape models T

e comprises different thematic areas .
(buildings, vegetation, water, terrain, traffic etc.) CityGML

e data model (UML) + Exchange format (based on GML 3)

CityGML represents
e 3D geometry, 3D topology, semantics and appearance
e in several discrete scales (Levels of Detail, LOD)

CityGML is an international standard of the OGC
e Version 1.0.0 was adopted in 2008, version 2.0.0 was adopted in 2012

e Version 3.0.0is currently under development and will be
released end of 2019
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(Inter)national Usage / Availability of CityGML

» Cities / Municipalities

e e.g. almost all German cities with 3D city models; Rotterdam, Zurich,
Geneva, Paris, Marseille, Istanbul, Vancouver, Montreal, Kuala Lumpur,
Yokohama, Doha, New York

» Organisations

e e.g. IGN France, Ordnance Survey UK, State Mapping Agencies of
Bavaria, Baden-Wuerttemberg, Hesse, Rhineland-Palatinate,
North Rhine-Westphalia, BIMTAS in Istanbul, many companies,
research institutes, and universities

lSP/,z?&
» CityGML is reference model in the European @
INSPIRE initiative (= full EU coverage) |

e INSPIRE Building model is based on CityGML

v{\_.o“ n Eurg.og
N
a"’”.mnns"’»“\\

»
O joyedS

» The official national and municipal 3D geoinformation standards
of Germany and the Netherlands base on CityGML
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CityGML 3.0 Module Overview

Defines base concepts

CityGML Core ] } and geometries inherited
Appearance by all other modules
Generics :
Define concepts
Dynamizer applicable to all
T thematic modules
Versioning
PointCloud <
Construction o
ol 2 5
5 2| o = || 5| &
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CityGML Extension Mechanisms

Structured, strict data model Systematic extension mechanism, allows for
consisting of well-defined extending every CityGML object type by additional
classes and code lists attributes and for introducing new object types
| |
CityGML

ADE mechanism
CityGML Noise ADE
data model - =
(Thematic modelling) Utility Network

g
Generic objects _
and attributes

.

J

\

|

Semi-structured extension mechanism, allows for flexibly extending the data model

without making a schema modification necessary (“Extension during run-time”)

|
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How the ADE mechanism works (1)

» Within a separate ADE model the new attributes are modelled
as subclasses of existing classes

e Subclasses receive the stereotype «ADEElement»
e Generalisation relationships receive the stereotype «ADE»

]
(FeatureTypes AbstractBuin,
Building::AbstractBuilding 9
«Property»
J(:PrZIZes:y'»Code [0..1] + buildingReflection :CharacterString [0..1]
L of nct'(;n 'Codé'[o 9 + buildingReflectionCorrection :Measure [0..1]
N uuw :e 'C;)de T *]" + buildingLDenMax :Measure [0..1]
+ yea?OfC.onstructi.on :Date [0..1] i bu?ld?ngLDgnMin :Measure [0..1]
+ vearofbemolition 'bate 0 i] «ADE» + buildingLNightMax :Measure [0..1]
Aeigreuliioont o + buildingLNightMin :Measure [0..1]
+ measﬁrr)edﬁeight 'I:ength [0..1] i bu?ld?ngLD.enEq :Measure [0..1]
+ storeysAboveGround :Integer [0..1] i bu!ld!ngLnghtEq :Measure [0-.1]
+ doreysBelowGround :Integer [0..1] + buildingHabitants :Integer [0..1]
) - + ildingA : .1
+ storeyHeightsAboveGround :MeasureOrNilReasonList [0..1] + Ez:lg::glrsra?gsrgigcs)intr:e'}ii?(rag[;(()eru]st [0.1]
+ storeyHeightsBelowGround :MeasureOrNilReasonList [0..1] + remark :CharacterString [0..1]
z} .
*
«FeatureType» «FeatureType» Exa‘mple from the
Building::Building Building::BuildingPart +consistsOfBuildingPart 1
cPronortys Noise ADE
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How the ADE mechanism works (ll)

» During encoding the new attributes are injected into the
respective superclass - superclass strategy

<cityObjectMember>
- Buildi Cig=n _ _ _ " standard
<bldg:Building gml:id="ef6el%e3-c412-440b-8bad9"> _
<bldg: function>1060</bldg: function> CI'[YG ML
<bldg:measuredHeight uom="m">2.38</bldg:measuredHeight> attributes of
a building
<noise:buildingReflection>Fassade</noise:buildingReflection>

<noise:buildingReflectionCorrection uom="dB">
3.23
</noise:buildingReflectionCorrection> Noise ADE

<noise:buildingLDenMax uom="dB">10</noise:buildingLDenMax> >éf“1bUteS
<noise:buildinglLDenMin uom="dB">30</noise:buildingLDenMin>
<noise:buildingLDenEq uom="dB">20</noise:buildingLDenEg>

. . . J
</bldg:Building>
</cityObjectMember>
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Characteristics of CityGML 3.0

>

>

New and revised modules: Improved support for using 3D city models
In urban planning, simulations and analyses

Less redundancy: Concepts used in several modules are integrated
and provided centrally via inheritance

All city objects are based on two new central concepts: Spaces and
SpaceBoundaries (represented by the classes AbstractSpace and
AbstractThematicSurface)

Better interoperability with other standards (IndoorGML, IFC, RDF,
LADM, INSPIRE)

Model-driven approach: ISO-compliant UML model + automatic
derivation of exchange formats

e At least two specifications: - CityGML 3.0 Conceptual Model specification
- CityGML 3.0 GML Encoding specification

Backwards compatibility with CityGML 1.0 and 2.0
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New and revised m Revised

CityGML 3.0 modules

N
'<Import»
-~ o~ =
Construction Appearance -1 CityFurniture CgrolejEa!
< - i Group
«import»i i
Revised SIS New SENEE ==
Building Dynamizer L Generics LandUse
— :mi A — Revised
Bridge PointCloud  {---+--- Relief Transportation
Tunnel Vegetation Versioning WaterBody
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SO-compliance of CityGML 3.0
Metamodel I I—
level ISO 19109 UML
General Feature Metamodel
Model etamode
Semantics I i Syntax
Model . —
level L 1SO 19103
1 v used ! Data types
in
E— CityGML  [<—— —
ISO 19136 :

GML enCOdIng describes i ---------- ISO 19107
rules Geometries
Automatically !

Instance derived CTTTTTTTTTTTT T ;
level — : ! :
.. \"4 \v4 A4
~ CityGML CityGML CityGML
XML Schema Database schema | | JSON Schema
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New LOD concept: 4 levels of detalls

LODO - Regional, landscape » CityGML 3.0 allows for

model + interior
 2.5D Digital terrain model

LOD1 - City, regional model
» Prismatic buildings + Interior
without roof structures

LOD2 — City districts, site model
« Simple buildings + interior
with detailed roof structures

LOD3 - Architectural models
(exterior) + interior
* Detailed architectural models

LOD4 — Archigs
(inter
+ “Walkable” ard

representing the interior of
buildings, tunnels and bridges
In LODs 0-3 as well.

- E.g., the exterior can now be
modelled in LOD1, whereas
the interior is represented in
LOD2 or 3

Supports the use of 3D city
models in applications which
require detailed representations
of the indoor, but not
necessarily of the outdoor, e.qg.
iIndoor navigation and energy
applications.

11. 6. 2019

T. Kutzner — Introduction to CityGML and the new CityGML 3.0 UML model 12



@ Y Chair of Geoinformatics

AnyFeature
«FeatureType»
AbstractFeatureWithLifespan
Revised Core Module - R
+ creafionDate: DateTime [0..1]
. + terminatonDate: DateTime [0..1]
I N tro d u Ctl on Of a + valdFrom: DateTime [0..1]
+ validTo: DateTime [0..1]
space concept | 7
«FeatureType» . +Cit}:$?j§ ci\:l;quer* «FeatureType»
_ _ CityModel | P AbstractCityObject
» All thematic objects are Em—
. + relatveToTerrain: RelativeToTerrain [0..1]
nOW elther SpaCeS OI‘ + relatveToWater: RelatveToWater [0..1]
space boundaries by b
basing them on the two
- «FeatureType» «FeatureType»
pIVOta| abStraCt C|8.SS€S AbstractSpace AbstractThematicSurface
AbstractSpace and «Property , ‘hounds *boundary | propertys
p . + spaceType: SpaceType [0..1] «Property» «Property» + area: QualifiedArea [0..*]
AbstractThematicSurface. |+ voure:Quifesvoire .
+ area: QualifiedArea [0.."]
Z% JA\
«FeatureType»
«FeatureType» «FeatureType» ClosureSurface
AbstractLogicalSpace AbstractPhysicalSpace
«FeatureType» «FeatureType»

11. 6. 2019 T. K
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AnyFeature

«FeatureType»
| ; |
«FeatureType» «FeatureType»
AbstractSpace AbstractThematicSurface
+bounds
«Property» * (Propery H . | «Property»

+ spaceType: SpaceType [0..1]
+ volume: QualifiedVolume [0..*]
+ area: QualifiedArea [0.."]

i

+ area: QualiiedArea [0.."]

A\

«FeatureType» «FeatureType»
AbstractLogicalSpace AbstractPhysicalSpace

«FeatureType»
ClosureSurface

1

«FeatureType»
AbstractOccupiedSpace

«FeatureType»
AbstractUnoccupiedSpace
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Revised Core Module — Geometry and LOD Concept

» The LOD conceptis now part of the Core module = less redundancy

+lodOMultSurface +lod1MultiSurface
AbstractCityObject| *___«Property» TRT— «Property» !
«FeatureType» +od2MutiSurface | ¢ 4 - 0.1 | Hlod2MuliSurface
AR ©_Properyy Geometri(::t);geg»regatev Froperl» :
+Io<iil\rllou;is;;r:ace GM_MultiSurface +Iod?|;MuIﬁSlt;/rface
* «Property» *
+od1Solid P
- ~"" «Property»
GM_Primitive ) +bounds +boundary
«lype» +||D°d280hd «Property» «Property»
Geometric primitive:: «Property»
GM_Solid +lod3Solid +od2MuliCurve ,
«Property» * «Property» GM_MultiPrimitive +IodgMuth;rve
«rroperty» *
+od3MuliCurve | g 1 «type» )
« «Property» Geometric ag.gregates.. 0.1
. — +lodOPoint GM_MultiCurve
*referencePoint GM_Primtive) 0.1 «Property» +lod1TerrainIntersectonCurve
«Property» 1 «type» «Property» 0.1
Geometric primitive::
GM_Point +od2TerrainintersectonCurve
. «Property»
| +lod3TerrainintersectonCurve
«FeatureType» * «Property»
AbstractPhysicalSpace
«type»
Geometry root::
GM_Object
0.1 +relatveGMLGeometry «FeatureType»
«Property» AbstractOccupiedSpace
«FeatureType» +od1ImpliciRepresentation

ImplicitGeometry

«Property»

| +lnA21ImnlinitR anracantatinn

AbstractCityObject

«FeatureType»
AbstractThematicSurface
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Revised Core Module — Geometry and LOD Concept

+lod1Solid +lodOMultiSurface +lod1MultiSurface
- " «Property» ¥ * «Property» «Property»
GM_Primitive , . GM_MultiPrimitive .
ctypen +lod2Solid +lod2MultiSurface ) y 4 | Hod2MuliSurface
A «Property»  * *  «Property» «ype» «Property»
Geometric pr|.m|t|ve.. . Geometric aggregates:: )
«Property» * +  «Property» — «Property»
. tbounds +boundary
+lod0Point «Property» «Property»
int GM_Primitive | 0..1 «Property» %
1 «type» +lod2MuliCurve ,
Geometric primitive:: «Property» GM_MuttiPrimitive | *lodOMuliCurve
+ GM_Point «Property»
‘ +lod3MuliCurve | o «type»
«Property» Geometric ag.gregates:: Ny
GM_MultiCurve -
+lod1TerrainIntersectionCurve 01
«type» «Property» )
Geometry ) oot:: +od2TerrainIntersectonCurve
GM_Object
«Property»
0.171" +relatveGMLGeometry +lod3TerrainInterseconCurve
«Property» * «Property»

racantafinn
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Revised Core Module — City object relations

«DataType»
+ IR
AbstractFeatureWithLifespan exf;ﬁip;@fnce ExternalReference
¥ «FeatureType» P «Property»
CityObjectRelation AbstractCityObject 1 + |+ targeResource: URI
+ informationSystem: URI [0..1]
«Property» —————— +relatedTo + reIationType: URI[0..1]
+ relatonType: RelatonType «Property» *

» The new class CityObjectRelation

Rzﬁfienﬂe allows for defining arbitrary relations
A between any city objects.

— P » The class ExternalReference is now
TopologicRelationType OtherRelationType better aligned to an RDF representation.
X :;siuo;t References can be additionally qualified
¢ touch Codelih by a relation type (e.g. the sameAs
L overep TemporalRelationType relation from OWL) - allows for
e mapping to RDF triples.

+ contains
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New Construction module

» Defines concepts common to all P

Core::

AbstractOccupiedSpace

kinds of man-made constructions 5

«FeatureType» (FeatureType»

AbstractConstruction —— AbstractConstructiveElement

. I n te g rates a-l I C I aSS e S Wh I C h are + «Pcfnpdemrgr;)(monswucﬁon: CondionOfConstructionValue [0..1] [ + «Fi,srgsimjalﬂement Boolean [0..1]

+ dateOfConstruction: Date [0..1]
1 1 1 + dateODemoliion: Date [0.1] iin
SII I lI ar Over I ere nt typ eS O + constuctionEvent ConstructionEvent[0.."] 0.* \|; «Property»

+ elevaton: Elevafion [0..]
+ height Height[0..]

constructions like buildings,

.
{subsess | Property»

tunnels, and bridges.

«TopLevelFeatureType»
OtherConstruction

«FeatureType»
«Property» ] Abstractinstallatio
+ class: Code
Introduces a new class ! s ooy
OtherConstruction to represent e | o
- - - @ C";ZT_YP (N «FeamreTyp » " «;ea“re :);
constructions which are neither ]
. . . +c\‘:>;\£§::;§ce 0. % «Property»
buildings, tunnels, nor bridges.
«Property» « »
> sttt [ sonapapates
{subsets :
Introduces a new class
) | | | | e
AbstractConstructiveElement e I Wl e W W e
for better interoperability with IFC. e [ e L e ] L ey ] L e 7] o™ |
{subsets boundary}

Improved definition of elevation
levels and measured heights.
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New Construction module

AbstractPhysicalSpace

«FeatureType»
Core::
AbstractOccupiedSpace

A

«FeatureType» «FeatureType» d
AbstractConstruction AbstractConstructiveElement fiourcs)
«Property» «Property»
+ condiionOfConstruction: CondiionOfConstrucionValue [0..1] + isStructuralElement Boolean [0..1]
+ dateOfConstruction: Date [0..1]
+ dateODemolion: Date [0..1] +illing
+ constructionEvent ConstructionEvent[0..*] 0.x «Property»
+ elevation: Elevation [0.."]
+ height Height[0..] «FeatureType» < «FeatureType»
+ occupancy: Occupancy [0..%] AbstractFillingElement Window >
i +construction
E)zuubnsgs «Property» «FeatureType» «FeatureType»
AbstractFurniture Door e
«TopLevelFeatureType» . i
OtherConstruction {sis.ee
«FeatureType» -
«Property» Abstractinstallation
+ class: Code
+ function: Code [0..7] «Property»
+ usage: Code [0.."] + relatonToConstruction: RelationToConstruction [0..1]
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New Construction module

«FeatureType»
Core:: —>

ClosureSurface

AbstractThematicSurface

AbstractCityObject

«FeatureType»
Core::

«FeatureType»
Core::Address

* +ad(
+closureSurface 0.* «Pro
«Property» Zﬁ
+const;ucﬁon§urface #filingSurface
«Property»
«FeatureType» «Property» «FeatureType»
. AbstractConstructionSurface AbstractFillingSurface
0.7
{subsets A A
boundary}
% +
«FeatureType» «FeatureType» «FeatureType» «FeatureType» «FeatureType»
GroundSurface RoofSurface CeilingSurface OuterCeilingSurface DoorSurface
{s
«FeatureType» «FeatureType» «FeatureType» L1 «FeatureType» L1 «FeatureType»
FloorSurface OuterFloorSurface WallSurface InteriorWallSurface WindowSurface

11. 6. 2019
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Revised Building module

Building module
+constucion +oonstucionSurface +constucionSurace
«FeatureTyper oreauretyper | AbstractOcaupieaSpace| - “(ZEEET e AbstractThematicSurface e

+lod3implicitRepresentation «FeatureType» 1
«Property» N Construction: .
. " .
+lodaimplicitRepresentation AbstractConstruction | (s jpeers
cProperty» I bouncs) I AbstactSpace
“loadimplictRepresentation | | . . «FeatreTyper
«Property» Core::
JosampltReprsatato, e tractLogicalSpace
AbstractBuilding ]
+lodaGeometry e b «Property» +address +address
«Propertys <Property» g <FeatureTyper + dass: Code [0.1] <Property» cFeareTypes | ©<Propertp» pceiTslyoer .
+lodaGeometry "\ | Geometry root: jLscko:Cods 0] Core::Address
«Property» N «Property» + usage: Code [0.] i Properts .
“lodGeomety R e 0.1 ¥ CEAEACTI] + dass: Code [0.1]
Propery : dlas Cotelod) n + sbreysAboveGround: Inkeger [0. 1] “AbstractPhysicalSpace e . .
0.] functon: Code [0.]
L i e + sbreysBelowGround: Inkeger [0.1] + usage: Code 0]
N ONiReasonList[0. 1] «FeareTypes © Glvaon: Evaion 0. .
«FoatureTypen + I\ soutersuitdinginsatiation + sbreyHeighisBelowGround: MeasureOrNiReasonList 0.1 Core: LT E R (]
¥p
IouerBu + soriey: Real 0.1]
pery X
,pm‘,w,c oo T L o +buidingRoom %
+ class :Code + +interiorBuildinginstallation ¢ d -
I G Code 0.1 broperys AL e Coreiaddress | - sadiress Propery
+ usage :Code [0.] «Property» «Propertyr «FealureTyper «FeaureTyper | « «| «FeatreTypen
‘;::,m e‘ : atiation /N * K Z??QZEHZ?@ L . BuildingRoom BuildingUnit Storey
N pery +buidingPart «Property» +buidingUnit  +siorey.
«FeatureTypen j”';‘;i‘wcm o «ToplevelFeatreType» | 1 (Propertyy «FeatureType» + dlass: Code [0..1] «Property» «Property»
BuildingFurniture S e Building BuildingPart + |+ funcion: Code [0.] +baidingRoom
p— + usage iCode [0.1] <+ usage: Code 0] oy
+ class :Code [0..1] SIS IEERLH B (.| S +  roomHeight RoomHeight[0..*]
[ A + function :Code [0..4] + yearofbemolition :Date [0..1] < -
+ usage :Code [0.] S e e . buidinginstal
+ measuredHei ! +buildingInstallaton
sinteriorrumiture /N + + SoreysaboveGround integer 0.1] AbstractOccupiedSpace o
+ storeysBelowGround :Integer [0..1] - . «Property» +huidiglnstison
«Property 0.1 y: g «FeatreTyper + Property»
+ SoreyHeightsAboveGround :MeasureOmilReasonList [0..1] B e roperty
«FeatursTypes 0.1 + _ soreyHeightsBelowGround :MeasureOilReasonList [0..1] on: P
[ A ] T T T AbstractConstructiveElement BuildingInstallation
r— . Propertyy | aPropertyn AbstractOccupiedSpace
pigcasstecdeliug] «FeatureTyper «FeatureType» b + dlass: Code [0..1] «FeatureType»
+ function ‘Code [0.] | +interiorRoom Bullding Buldingpart + functon: Code [0.] 1 construction:
+_usage :Code [0.] «Property» +consists0 «FeatreTyper + Ueager Codo 0.4 ponstmction::
«Propertys BuildingConstructiveElement - stractinstallation
0.1 Q [+]-
+lod1Solid +lod1MultiSurface +lod1Terainlntersection «Property» +buiingFurniure
«Property» «Property» «Property» + cass:Code 0.1] ) «Property» «FealureType A
+lod2Solid +lod2MultiSurface +lod2Termainintersection + funclon: Code [0.'] BuildingFumiture —> «FeatreTypes
«Property» «Property» «Property» + usage: Code [0.] s
“lod3solid +lodamultiSurtace +lod0FaotPrint LogsTerainintersection . T AbstractFumiture
“roperys P s «Property» +buidingConstuciveElement +buidingConstuciveElement soutogfurivre | ¢ :la: Cuge d[u [1}1 nicngFomirs
+lod4solid +lod4MultiSurface +lodoRoofEdge Propertys «Propery» «Property» cProperty L] Dr‘c ::[0[ .]'] " «Property»
«Property» «Property» «Property» T=sBe
o1 on on +lod2MultiCurve
+lodaSolid «Propery»
<Propany GM_Primitive] GM_ultiPrimitive P—
«Property»
0.1 | Geometric primitive: Geometric aggregates::GM_MultiSurface
GM_Solid +lodamultiCurve
«Property» . . .
et e = " > eometries are now detined In the
GM_MultiPrmitive
«Property» «Property»
? «typer
Geometric aggregates
LPropets || «Property» GM_Multicurve ( : 0 re m O u e
+lodauliSurtace "
Sopening o lodamuisutace
«Propery» <Property»
+boundedB +boundedBy
«FeatureTy. «FeatureType» Propotys «Property» - .
Window Door «FeatureType» +boundedBy
) ‘. aPropertys >
0.2 +boundedBy

«Propertys

‘ ‘ ‘ — ‘ now defined in the Construction module

cFoatureTy ‘ pr— ‘ ‘amwy ‘ ‘amwy ‘ ‘amwy ‘ ‘ creaureTypes | ‘mmw ‘
G

RoofSurface WallSurface

] ) —> Inheritance of these concepts reduces
the size of the Building module
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Revised Building module

» All concepts from CityGML 2.0
are preserved.
They are now subclasses of
the basic concepts defined in
the Construction and Core
modules.

- +construction
AbstractOccupiedSpace «Property»
«FeatureType»
Construction:: *
AbstractConstruction {subsets
jx bounds}
«FeatureType»
AbstractBuilding

«Property»

+ 4+ + + + + + +

class: Code [0..1]

function: Code [0.."]

usage: Code [0..]

roofType: Code [0..1]
storeysAboveGround: Integer [0..1]
storeysBelowGround: Integer [0..1]
storeyHeightsAboveGround: MeasureOrNilReasonList [0..1]
storeyHeightsBelowGround: MeasureOrNilReasonList [0..1]

1

«TopLevelFeatureType»
Building

+buildingPart .
«Property»

«FeatureType»
BuildingPart
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AbstractPhysicalSpace

@ Y Chair of Geoinformatics
«FeatureType»

Rev I S Ed B U I I d I n g m AbstractUrcr:::sijpiedSpace

» All concepts from CityGMlopens Zﬁ

are preserved. = «FeatreType»
* BuildingRoom
They are now subclasses -
«Property»

the basic concepts defineq |+ dess cogefo.1
. « |+ function: Code [0..]
the Construction and COré~+ usage: code 0.4

. +buildingRoom

. . «Property»
+ roomHeight RoomHeight[0.."]
modules.
+buildingInstallation
. «Property» +buildinglnstallation
* «Property»
«FeatureType»

Buildinglnstallation

uildingInstallation

«Property» * «Property» AbstractOccupiedSpace
+ class: Code [0..1] «FeatureType»
+ function: Code [0.."] = Construction::
+ usage: Code [0.."] Abstractinstallation

+buildingFurniture
«Property» *

+buildingFurniture
«Property»

*

«FeatureType»

AbstractOccupiedSpace

11. 6. 2019

T. Kutzner — Introduct

BuildingFurniture «FeatureType»
Construction::
«Property» AbstractFurniture

+ class: Code [0..1]
+ function: Code [0.."]
+ usage: Code [0.."]

, tbuildingFurniture
«Property»
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Revised Building module

j

» All concepts from CityGML 2.0 AbsiractSpace
«FeatureType»
are preserved. +buildingSubdivision Core::
They are now subclasses of «Property» AbstractL ogicalSpace
the basic concepts defined in . Zﬁ
the Construction and Core ess
Briy » «FeatureType»
modules. AbstractBuildingSubdivision
. «Property»
» Introduction of a new class + dlass: Code [0..1]
1A S + function: Code [0.."]
AbstractBu|Id|ngSL!bd|V|s_|or_1 to + usage: Code [0,
allow for representing building + elevation: Elevaton [0."
. + sortkey: Real [0..1]
units and storeys. ZF

«FeatureType» | * « | «FeatureType»
BuildingUnit Storey

+buildingUnit +storey
«Property» «Property»
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@ Y Chair of Geoinformatics

Revised Building module

» All concepts from CityGML 2.0
are preserved.
They are now subclasses of
the basic concepts defined in
the Construction and Core
modules.

» Introduction of a new class
AbstractBuildingSubdivision to
allow for representing building
units and storeys.

» Introduction of the class
BuildingConstructiveElement
facilitates interoperability with
IFC.

«FeatureType»
AbstractBuilding

«Property»
class: Code [0..1]
function: Code [0..]
usage: Code [0.."]
roofType: Code [0..1]
storeysAboveGround: Integer [0..1]
storeysBelowGround: Integer [0..1]

+ + 4+ + + + + +

storeyHeightsAboveGround: MeasureOrNilReasonList [0..1]
storeyHeightsBelowGround: MeasureOrNilReasonList [0..1]

1

+buildingPart
«TopLevelFeatureType» | 1 «Property» ’
Building t
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«FeatureType»
BuildingPart

«FeatureType»

AbstractOccupiedSpace

Construction::
AbstractConstructiveElement

1

«FeatureType»

BuildingConstructiveElement

«Property»

+ class: Code [0..1]
+ functon: Code [0.."]
+ usage: Code [0..]

+buildingConstructiveElement
«Property»

+buildingConstructveElement
«Property»




@ Y Chair of Geoinformatics Technical University of Munich TI-ITI

Improved IFC — CityGML Interoperability

Example: Semantic Mapping of an IFC building to CityGML 3.0

% & spmEEEE=
‘_ —)

CityGML
IFC objects CityGML objects
IfcProject -  CityModel
IfcSite - LandUse
IfcBuilding - Building
IfcBuildingStorey -  Storey
IfcSpace -  BuildingRoom
IfcWallStandardCase - BuildingConstructiveElement
IfcBeam, IfcSlab, IfcMember - BuildingConstructiveElement
IfcDoor, IfcWindow -  BuildingConstructiveElement
IfcRailing, IfcStair - BuildinglInstallation

11. 6. 2019 T. Kutzner — Introduction to CityGML and the new CityGML 3.0 UML model 26



@ V Chair of Geoinformatics Technical University of Munich TI.ITI

The FZK House represented in CityGML 3.0

Rooms Building Installations, BuildingConstructiveElements
Doors and Windows
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@ Y Chair of Geoinformatics Technical University of Munich TI.ITI

Changes in the context of semantic 3D city models

» Highly dynamic changes
e Spatial properties: e.g. moving objects
e Thematic properties: e.g. energy consumption
e Appearance: e.g. raster images showing air quality
e Real-time data from Sensors and 0T devices

TRAFFIC

@ SENSOR

AIR ! SURVEILLANCE
QUALITY 1 CAMERA

| SMART
| ENERGY
I PUBLIC
SAFETY
: PARKING

T e

Image Source: www.houseofbots.com
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% Y Lehrstuhl flir Geoinformatik Technische Universitat Miinchen TI-ITI

New Dynamizer module

Buildings Transportation Objects Water Bodies  Vegetation City Objects

(N N
A4 A4 y
Spatial Properties Thematic Properties Appearance Properties
Dynamizers

4 LN

Airborne Environmental
m H eoeo

Imaging Monitor 7
s Device |
Stored [N =
Sensor | = — Ir
Data | Q '
Chaturvedi & Kolbe

Sensors Databases External Files 2016

%  Tabulated data e.g.
from simulation
results or sensors
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% Y Lehrstuhl fiir Geoinformatik Technische Universitat Miinchen TI-ITI

New Dynamizer module — Example Scenario

CityGML object Simulation Results

<bldg:WallSurface gml:id = “UUID @01 WS 1">
<gen:doubleAttribute name =¢CglobalRadMonth™>
<gen:value = xxx />

</gen:doubleAttribute>4  One dynamic attribute JAN-15 4293.446
</Building> which changes with time FEB-15 5563.502
dynamic
attributes
using XPath
DEC-15 4010.239
<cityObjectMember>

<dyn:Dynamizer>
<dyn:attributeRef> //bldg:WallSurface [@gml:id = ‘UUID_©1_WS_1']
/doubleAttribute[@name = ‘globalRadMonth’]
/gen:value
</dyn:attributeRef>
<dyn:startTime> 2015-01-01T00:00:00Z </dyn:startTime>
<dyn:endTime> 2015-12-31700:00:00Z </dyn:endTime>
n:dynamicData>.. </dyn:dynamicData>«

</dyn:DynamIZers> Respresenting data in standardized ways,
</cityObjectMember> _ such as OGC TimeseriesML,
Dynamizer OGC Observations & Measurements
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% Y Lehrstuhl flir Geoinformatik Technische Universitat Miinchen TI-ITI

Dynamizer in OGC Future City Pilot Phase 1

# 5o TUT SN METROPOIEIQGC | marsmmaie =67
virtualcitysysTems  of Munich e nnes Making ocation comnt,_ | o~ i‘t‘.’ 7
.“—-(‘l‘w_-|--—' 4 N

SO D SR NANK rm—

e T SN
- 'y = =
‘. !," Radiation per month - .‘2 3 -HHH

1 - A~ global < ‘ By
VQ' ki // \\_ diffuse 1Y . ,\ \'\
Sesmonan ! / 3 sdirect '
2000 —~ / \ ‘ \ \ ‘

e —

. 8000 i o
» T 5000 \
: 4000 ~
2000 — K
2000 L}
T L] T Ll T T L] L) 1] T 1 ‘—
< = a5 @ N S s s
= §$ § F § § § 5 & 8 ¢ £ ¢
o § & § <« S S & £ § § R
7 @ X: g g = 8 _1~~‘
e £ & S TIeaATR -
Month S - Coaa
-~ .-_,_"'
=

Ii e City model of Rennes, France
|

= - http:/[rennes.virtualcitymap.de/
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% Y Lehrstuhl flir Geoinformatik Technische Universitat Miinchen TI-ITI

Linking to Sensors in standardized ways

buildingl roofSurfacel

Sensor (PV Panel) N |
* <=— puildingl

<cityObjectMember>
— <dyn:Dynamizer gml:id = "PV_Power Timeseries" >
<dyn: attrlbuteRef>//RoofSurface[@gml id ='buildingl_roofSurfacel']
/doubleAttribute[@name = 'PV_Power’]
/gen:value </dyn:attributeRef>
<dyn:startTime>2016-01-01T00:00:00Z</startTime>
<dyn:endTime>2016-12-01T00:00:00Z</endTime>

- <dyn:linkToSensor>

<dyn:SensorConnection>
m <dyn:sensorID>. . . </dyn:sensorID> & Unique Sensor ID

<dyn:serviceType>. . . </dyn:serviceType> & SOS or SensorThings API

- <dyn:linkToObservation>. . . </dyn:linkToObservation> &— SOS GetObservation
<dyn:linkToSensorML>. . . </dyn:linkToSensorML> &— SOS DescribeSensor
<dyn:sensorLocation xlink:href=“#buildingl roofSurfacel"/>
</dyn:SensorConnection> Vk\

. </dyn:linkToSensor> Link to CityGML Object

— </dyn:Dynamizer>
<cityObjectMember> Image source : http://www.royalgreengas.com/index.php/photovoltaic/residential-buildings
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% Y Lehrstuhl flir Geoinformatik Technische Universitat Miinchen TI-ITI

Changes in the context of semantic 3D city models

» Slower changes
e History or evolution of cities/city models
e Change of feature's geometry over time

e Managing parallel or alternative versions
over time

» New Versioning Module:

e Explicit modeling of changes

e Snapshots of city models at a specific
point in time
e All objects can have bitemporal lifespan

data (date of creation / termination, valid
from / valid to).

e Multiple versions of city objects can be
represented within one city model data
set.

Image Source: www.pinterest.com
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@ v Chair of Geoinformatics Technical University of Munich TI-ITI

New Versioning module — Example Scenario

Timeline
Time (t1) Time (t2) Time (t3)

>

_Building : B1020.,
< function = ‘Office* ™

up
us®
.s
.s
s
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.
.
.
.
.
.

A\
e
*
.
. .
.*
.
.
.
.

SN
"
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e
e
]
L

,,,,

. \d L]

. A4 L]
hhhh
. 3
- . .
....
.
.
.
.
.
3
.
‘e

e N O “' ...
'BundlngPart BP12 ___________ /\ ............ BuildingPart : BP12
monype = F_I_qt ---------------------- roofType = ‘Saddle’ |
Version 1 Version 2 Version 3
02-Aug-2012 10-Oct-2013 04-Jun-2014
Changes Changes

List of List of all
transactions features

List of List of all
transactions features

List of all
features
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@ Y Lehrstuhl flir Geoinformatik

Technische Universitat Miinchen TI-ITI

Revised Transportation module

» Improved LOD-based modelling of street space objects

Function

footpath
kerbstone

driving lane
road marking
driving lane
road marking

driving lane

LoD1

LoD2

LoD3

manhole

roadway damage

kerbstone
footpath
Beil & Kolbe, 2017
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% V Lehrstuhl fiir Geoinformatik

Technische Universitat Miinchen TI-ITI

Revised Transportation module

» Introduction of
linear / graph
representation in
LOD 1-3

» Introduction of
sections

» One Section per
e Road Segment
e Intersection
e Roundabout
e Dead End

LoD1 Network

LoD3 Network

Beil & Kolbe, 2017
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% ( Lehrstuhl flir Geoinformatik Technische Universitat Miinchen TI-ITI

Demonstration of Results — 3D Visualization

Marking Sidewalk Roadbed

el id_e28984ef-4c37-40ce-b445-c9b857185036 x
id_e28984ef-4c37-40ce-b445-
c9b857185036
gml_name EAST 23 STREET
citygml_class 350000
citygml_function 1

GMLID

citygml_usage 2
citygml_surfaceMaterial 9999

number_parking_lanes NaN
number_travel_lanes 4
number_total lanes 4

pavement_rating_fxt

pavement_rating_num NaN
speed_limit_mph 25
speed_limit_kmph 4025
lenght_meter 51.737
gradient_percent 0
area_sqm 520.372
traffic_direction il
width_meter 7.98567756151304
snow_priority P
radius_arc 0
level_start_segment 0
level_end_segment 0
segment_type 0]

curve_flag
bike_lane

corresponding_segment_id 115233

construction_status 2
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% Y Lehrstuhl flir Geoinformatik

Demonstration of Results

Sidewalk

Marking

11. 6. 2019

Technische Universitat Miinchen TI-ITI

id_e28984ef-4c37-40ce-b445-c9b857185036

GMLID

gml_name
citygml_class
citygml_function
citygml_usage
citygml_surfaceMatenal
number_parking_lanes
number_travel_lanes
number_total_lanes
pavement_rating_bxt
pavement_rating_num
speed_limit_mph
speed_limit_kmph
lenght _meter
gradient_percent
area_sqm
traffic_direction
width_meter
snow_priorty
radius_arc

level start segment
level end segment
segment_type
curve_flag

bike_lane

id_e28984ef-4c37-40ce-b445-
c9b857185036

EAST 23 STREET
350000

1

2

9999

NaN

ET

25

4025

51737

0

520372

T
7.98567756151304
p

===

coresponding_segment_id 115233

construction_status

P
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@ Y Chair of Geoinformatics Technical University of Munich m

Conclusions (I)

>

New LOD concept allows for more flexibility in representing the interior
and exterior of city objects + representing objects as point clouds

Revised Core module and new Construction module provide

e Dbetter interoperability with other standards (IndoorGML, IFC, RDF, LADM,
INSPIRE)

e simplification of geometry handling
e improved representation of physical and logical objects

New and revised modules improve the use of 3D city models in
different areas of application (urban planning, energy simulations,
traffic analyses, ...)

State-of-the art UML model generation including ISO-compliance +
automatic derivation of exchange formats

e The CityGML XML Schemas are derived fully automatically from the UML
model
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@ Y Chair of Geoinformatics Technical University of Munich m

Conclusions (ll)

» All software tools that are able to read and process generic GML 3
application schemas can work directly with CityGML 3 application
schemas as well

(e.g. FME, HALE, GDAL, Interactive Instruments WFS, Degree,
GALDOS WFS, CPA SupportGIS)

» However: Everything is still subject to final voting within the OGC!
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% Y Chair of Geoinformatics Technical University of Munich TI-ITI

Resources

» CityGML 3.0 UML Diagrams
https://github.com/opengeospatial/CityGML-3.0CM

» CityGML 3.0 XML Schema Files
https://github.com/opengeospatial/CityGML-3.0Encodings

» Open Source Conversion Tool CityGML 2.0 = CityGML 3.0
(currently Building module only)
https://github.com/tum-gis/citygmli2-to-citygml|3

» |IFC - CityGML 3.0 FME Workspace
https://github.com/tum-qis/ifc-to-citygml3
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