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License

Thispresentationislicensedunderthe CreativeCommond.icenseCC

B¥NGSA4.0. Accordingto CCB¥NGSAA4.0 permissionis grantedto @ @ @
sharethis document,i.e. copy and redistribute the material in any @
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changesvere made Youmaydo soin anyreasonablemanner,but not in anyway that suggests
the licensorendorsesyouor your use

NonCommercialYoumaynot usethe materialfor commerciapurposes
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Giorgio in a nutshell

A 2002 Degree in Environmental Engineering Sy
(Uni Padova& BOKU Vienna) |\|— i3
A 2009 Ph.D. in Geomatics (TU Berlitu&i Padova ﬁ

A 20102014 3D Optical Metrology Unit, Bruno Kessler Foundation —:(
(Trento, Italy)
A 2013 TU Munich, Institute oBeoinformatics TI'ITI
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A 20142018 Austrian Institute of Technology, Smart and Resilient AIT
Cities and Regions Unit (Vienna)

A Since 2018TU Delft, 3D Geoinformation Group TUDelf
A More info: https://3d.bk.tudelft.nl/gagugiaro/ elrt

Research focus: Semantic 3D city modelling for urban applications
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3D Geoinformation group$ i

AFounded in 2015 | s e |
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3D Geoinformation groupmission & vision

ADesign, develop, and implement better systems to model Digital
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Image source: Flaticon.com
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A Separate modelling, generally by specific sectors, e.g.

Community
Semantic3D city | Energy { Models

. Indicators
modelling Planning

CityGML 2.0 intro Which digital twin?

Applications . - Slor(;lr?unity .
CityGML 3.0 I Mobility odels

Indicators
Conclusions Planning Processes 4w Actors

Community

Models ‘ ’
Indicators
Planning

i Ecology

Entities

City model
Community .

Model .
mﬁici;fors Everybody will answer:

Planning "My digital twin, of course!"

Community
Models
Indicators
Planning

I Economy:

A A s

I Surveyin
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Semantic 3D city City.plannor engineer
modelling < %
CityGML 2.0 intro

real estate developer

Applications

CityGML 3.0
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for urban development General contracter
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Civil engineer electrical engineer
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Semantic 3D city City planner engineer
modelling @
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CityGML 3.0
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Landscape architect Relevant data
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Semantic 3D city

modelling
CityGML 2.0 intro
Applications i >

i Socio- Socio- e
CltyGML 3.0 cconri e cconoric e
ConCI usions data (topographic maps, 2 (topographic maps,

cadastre)

Census data

Census data

Domain-
specific
data

specific
data

Other data
sources

Energy
Performance
Certificates

Energy
Performance
Certificates

Consumption data
(water, energy, etc.)

Other data
sources

Consumption data
(water, energy, etc.)

Raster-based
spatial data

Raster-based
spatial data
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~ Architecture

One objectmodelled as closed Many objectqall volumes, mostly
@2f dzYST y2 aiK médellgd ak ffagametrized geometries
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GIS vs BIM world

Differing geometric modelling paradigms

Boundary Representation

IntBuildinglnstallation

WallSurface

Window
GroundSurface

o

Accumulation of observable surfaces of
topographic features

InteriorWallSurface

Constructive Solid Geometry

IfcWallStandardCase

IfcBeam

IfcSlab
IfcWindow

Volumetric, parametric primitives
representing the structural
components of buildings

Image source: Kolbe, Nagel, Stadler (2009)



J funeit CityGML: City Geography Markup Language

30geoinfo
Hims
A Information modelfor 3D city models at "NENNEE-
Semantic 3D city urban and regional scal®GC standarg CﬁyG ML

modelling
CIySML 2.01ntr0 - & compriseghematic areasfor buildings, terrain, traffic, tunnel, bridges,

Applications )
CityGML 3.0 vegetation, etc.

Conclusions

Alncludes3D geometry at multiple levels of detaiLoD), topology, semantics
and appearance

A Extendibleto other application domains

LoD0 LoD1
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ACityGML 1.0: released in 2008

. _ I Released as OGC Standard
Semantic 3D city

modelling

igﬁ.‘?c“ﬁboiﬁ intro ACityGML 2.0: released in 2012

CityGML 3.0 i Addition of Bridge and Tunnel modules
Conclusions B _

i Minor other changes

I Core of this presentation

ACityGML 3.0: data model released in 2021
I Major revision of existing modules
i Addition of Versioning, Dynamizers, support for PointClouds

I Some slides at the end of this presentation
20
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CityGML 2.0: Modules overview

Generics
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A Nowadays: creation of 3D city models (up to LoD2) is nearly completely

automatic
irg;ﬂﬁ; DY & Geometric modelling asolids multi-surfaces or (from LoD2)hematic

CityGML 2.0intro ~ Surfaces

éﬁ%"ﬁﬂ"g‘_z A Possibility to partition buildings in building parts

Conclusions

LoD0 LoD1

22
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Building with two

building parts
(l'ePl'eS?nt'ed - Building consist-
one Building : g

: ing of one part
feature and one i
included Build- 1ep1]§s§;:i .e. as
ingPart feature) one Building

feature)

23
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Semantic 3D city

modelling LOD1 LOD2 LOD3 LOD4
CityGML 2.0 intro =
Applications E
CityGML 3.0 =
Conclusions
e
5
=
e

Fig. 40: Tunnel model in LOD1 — LOD4 (source: Karlsruhe Institute of Technology (KIT)).

24



¥ fuoer CityGML: Bridge module
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Bridge interior

25 Fig. 46: Bridge model in LOD1 — LOD4. (source: Karlsruhe Institute of Technology (KIT))
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¥ fuber CityGML: City furniture module

A Conceived mainly for

Semantic 3D city immovable objects like

modelling

CityGML 2.0intro  Street lanterns, bus
Applications stops, street signs, etc.
CityGML 3.0

Conclusions

A Can be represented alsc
asimplicit geometries

I You use one geometric
LINP G208 LIS (KI
several times providing eacl
time the specific position,
orientation and scaling

26

Fig. 67: Real situation showing a bus stop (left). The advertising billboard and the refuge are modelled as CiryFurniture objects in
the right image (source: 3D city model of Barkenberg).

Fig. 68: Real situation showing lantems and delimitation stakes (left). In the right image they are modelled as CityFurniture ob-
jects with ImplicitGeometry representations (source: 3D city model of Barkenberg).
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CityGML: Vegetation module

‘SolitaryVegetatio

A Solitary vegetation
object can be
represented in
multiple LoDswith

PlantCover
any geometry

(MultiSolid)

A Plant cover can be
represented only as
MultiSurfaceor
MultiSolid

Fig. 63: Example for vegetation objects of the classes SolitaryVegetationObject and
PlantCover (graphic: District of Recklinghausen).
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Traffic
area

Auxiliary
traffic
areas
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e
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Situation

29

\-

LOD O

—

LOD 1

_\ﬁ
|

LOD2 -4

TransportationComplex
provides linear network
with line objects

— line objects

TransportationComplex
provides surface geometry
describing the actual
shape of the object

[] TransportationComplex
(Surface geometry)

[] Terrain surface

Surface geometry is devided
thematically into TrafficAreas,
like:

[] Traffic — cars

[[] Traffic — emergency lane

Traffic — restricted area

[ Auxiliary - grass
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30 Fig. 72: LODO regional model consisting of land use objects in CityGML (source: IGG Uni Bonn).
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CityGML: Waterbody module

WaterSurface

WaterClosure
’ Surface

——< WaterBody

WaterGroundSurface

Fig. 55: Illustration of a water body defined in CityGML (graphic: IGG Uni Bonn).



¥ fuoer CityGML: Terrain module
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ASupports raster and vector DTMs

R AMultiple, heterogeneous DTM can be nested

modeling ~ AEach DTM is delimited byvalidity extend polygon
CityGML 2.0 intro
éﬁ%cﬁtﬂog_ S{) validity extent polygon

/

Conclusions

valid grid area

32
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Semantic 3D city ACItyObjeCtG roup

modelling i allows for arbitrary grouping of city objects

CityGML 2.0 intro

Applications

el el AGenerics

Conclusions
i allows to define generic city objects, which are not already defined
I allows to define generic attributes, which are not already defined

AAppearance

i allows to define one or multiple appearances for each city object
A Styling with "colours"
A Texturing
33
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csemantic 30 ary A3D Visualisation (geometry and
emantic 3D city i ..
modelling graphical appearance) is just the

CityGML 2.0intro ey tip of the iceberg!
Applications

CityGML 3.0
Conclusions

ACityGML objects have plenty of
attributes, relations

I They account for the core of
semantic modelling

i But, yes, these are less visible at
TANRG aA3aIKGX

34
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A CityGML is actually two things
| a) It refers to the name of thelata model
Semantic 3D city ) |t refers to one possiblencodingof the data model

modelling

CityGML 2.0 intro

Applications AThe conceptuallata modelconsists of UML diagrams (and the
e accompanying specifications)

ATheencodingis how this information is actually written (e.g. to a file)
I The most common encoding is by means of XML
I The «rules» are encoded in a XSD K®IlL Schema Definition)

I The contents are written in a XML document «obeying» to the rules of the
XSD file (the check is called «validation»)

ABut there exist other encodings, e@ityJSONdeveloped @ TU Delft),
or as SQbased database mode3D City Database

35
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Semantic 3D city L
modelling CONCEPTUAL sEEEEENs= N gppllc_atlon
CityGML 2.0 intro DATA MODEL ' omaln
Applications (e.g. specifications, CltyG M L Extensions
CityGML 3.0 UML diagrams, etc.)

CityGML CityJSOBD City Database



fuoet CityGML: a closer look
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:Iq <?xml version="1.0" encoding="UTF-8"2>
a0 ol o El<core:CityModel xmlns:app="http://www.opengis.net/cit 1 /appearance/2.0" xmlns:luse
mmw.mnepmstn[ == v <gml:description>CityGML-based 3D model of the city of Vienna generated by Giorgio
lod4implicitReoresentation 2| ! oc2imoiciRecresentaton <gml:name>Wien</gml:name>
0] lod2imoicitRenresentation H <gml:boundedBy>
. | g <gml:Envelope srsName="urn:ocg:def:crs,crs:EPSG::31256,crs:EPSG: :5176" srsDimensi

D T <gml:lowerCorner>-2501.47 335478.41 208.397</gml:lowerCorner>
L = <gml:upperCorner>-1972.514 336128.59 235.707</gnl:upperCorners>

A g 0.1 1
Semantic 3D city p— e
+class : gmi::CodeType [0..1) -
lod4Geometry - |+function : gmi:CodeType [0..] F </gml:Envelope>

mOde"ing W_ﬂuezgml:cwﬂwem"l - </gml:boundedBy>

outerBukinglnstaliation _
. - ﬁ <core:cityObjectMember>

( :":yGML 20 Intro e —— <grp:CityObjectGroup gml:id="UUID e8£506d4f-8878-4abB-b55a-ddac90da2eb3"s
ress —
[+ciass - gmi-CadeTypa [0..1] - d 7| corecAddress [ <gml:description>Bezug code from FMZK</gml:description>

= l+function : gmi::CodeType [0.]

Ap p I icati O nS _ﬂsaue: gml:CodeType [0.] - ;<FEM‘B»V <gml:name>028540</gml :name>

<core:creationDate>2016-04-07</core:creationDate>
CityGML 3.0 == e u T comigrowMemen
+ussge : gmil::CodeType [0.] = <bldg:Building gml:id="UUID_52082618-£668-40da-bf92-3b606057c52¢">
9 L] e m&‘;ﬁﬂ“’;ﬁfﬁ’g"’.i” - <gml:description>This is a single-part building</gml:description>
CO n Cl u SIO nS B BuildingFurniture m@ﬂﬁﬂﬁﬁﬂmm . <core:creationDate>2016-04-07</core:creationDate>
Wmmwrriﬁgeyp[:[g*] e v [0.1] <bldg: function>Building</bldg: function>
e o ] +storeyHeightsAboveGround - gm: MessurEOﬂ\I[S\i:\]ﬂTypz[D, 1 - <bldg:roofType>Satteldach</bldg:roofType>
intesorFumiture i . ] <bldg:measuredHeight nom="m">15.67</bldg:measuredisight>
EEESIEEEEEN BR = <bldg:lod0FootPrint>
”{'(‘Femre” 01 = <gml:MultiSurface gml ="multi_surf uuid e07d7e62-8983-439d-bée3-e42462f
Room = <gml:surfaceMember>
OO | p— censistsORuidngPer & <gnl:Polygon gml:id="polygon uuid 2cl44fbb-c0a9-4b28-8a0c-0adabl6d7a8
+usage : gmi::CodeType [0.4] TeasaTd ST &t = <gml:exterior>
0.1 . Tnd2Solid lod2MuttiSurface lod2Terrsinintersaction =i <gml:LinearRing gml i="linearring UVUID_ae9da%a2-6ad5-42d0-beb0-0
odaFed lod2MutiSurface| | lod0FootPrnt| | led3Termaiintersecicn <gml:posList>-2043.892 336034.704 213.671 -2039.658 336044846
TS Taee ToadTaraEsetion - .
04 o1 T Tefe </gml: Lln(?arRlnq>
UeddSold s, |~ grat-:_Saiid | | gmi-MultiSurface | Tod3MuCurve </gml:exterior>
0.1 A ] - IcsWulﬁCurvE </gml:Polygon>
PerrT—. : </gml:surfaceMember>
) — ‘ EETTELD </gml:MultiSurface>
loddMultiSurface lod4MuitiSurface </bldg:lodlFootPrint>
= <bldg:lodlsolid>
boundedsy - _-boundedBy =| <gml:Solid gml:id="solid uuid d7¢75382-c9e8-4f5f-B72c-bablcl7alfle" srsia
P ‘ = E;“:::: = <qml:exterior.>
Q 5 = <gml:CompositeSurface gm. ="comp_surf_uuid 5651fcéb-2da3-4471-Bec6-
. L L T ) = <gml:surfaceMember>

| ‘ ‘ | | ‘ ! | ‘r' | |C=" g | [ i | | ‘ =) <gml:Polygon gml ="polygon_uuid e25c0929-825¢-48¢B-8flc-98£6lcd

37 Data model (UML) . (XML) encoding = sz
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CityGML In action

(Some) applications
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Source: city Dresden

Flood risk analysis

Source: city Zirich Solrce: city Stuttgart

Cellular radio planning/pollution L 3D CIty models J Lighting simulation
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Solar irradiation and photovoltaic suitability
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41 Image sourcehttps://lyoutu.be/pba-ernLoNo?t=23
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Image sourcehttps:// youtu.be/nLRUyfWVESg?t=25
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Planning of street lighting

Semantic 3D city

Simulation Results

modelling

CltyGMl_ 2.0 intro €02 Emission (kgCO2day)
Applications ummmwm.r“_ "
CityGML 3.0 Sconaro
Conclusions o

Business as Usual— 2007

Scenanofl 74

Business as Usual

Scenano

43 Image source: https://www.virtualcitysystems.de/images/newsletter/Streetlight_Energy_Simulator_Berlin_Moabit. PNG
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Management of supply networks
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More details:

DenDuijn, X., Agugiaro, GZJatanova S., 2018\Vodelling below and aboveground utility network features with the CityGML Ultility Network ADE:

experiences from RotterdamlSPRS AnRhotogramm Remote Sens. Spatial Inf. S&4/W7, pp. 4350. https://www.isprsann-photogrammremote-sens
44 spatiakinf-sci.net/I\V4-W7/43/2018/
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Urban noise studies

noise contours (dB)

P

Legend
O Buildings
== Roads

Contour interval: 1dBA
Scale Not to scale
City model . Complex 3D city model

Image source: https://3d.bk.tudelft.nl/projects/noise3d/
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46 Image source: Agugiaro (2016)
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Further details:

Skarbal B., PetersAnders, JFaizarMalik, A. Agugiaro, G.2017,

How to pinpoint energyinefficient buildings? An approach based on the 3D city model of Vienna
47 ISPRS AnRhotogramm Remote Sens. Spatial Inf. S&%4-W3, pp. 7178

https://lwww.isprs-annphotogrammremote-sensspatiatinf-sci.net/I\*4-W3/71/2017/




