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License

This presentation is licensed under the Creative Commons License CC
BY-NC-SA 4.0. According to CC BY-NC-SA 4.0 permission is granted to 
share this document, i.e. copy and redistribute the material in any 
medium or format, and to adapt it, i.e. remix, transform, and build 
upon the material under the following conditions:

Å Attribution : You must give appropriate credit, provide a link to the license, and indicate if 
changes were made. You may do so in any reasonable manner, but not in any way that suggests 
the licensor endorses you or your use.

Å NonCommercial: You may not use the material for commercial purposes.
Å ShareAlike: If you remix, transform, or build upon the material, you must distribute your 

contributions under the same license as the original.
Å No additional restrictions: You may not apply legal terms or technological measures that legally 

restrict others from doing anything the license permits.

https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode
https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode
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(Trento, Italy)

Á 2013, TU Munich, Institute of Geoinformatics

Á 2014-2018, Austrian Institute of Technology, Smart and Resilient 
Cities and Regions Unit (Vienna)

Á Since 2018, TU Delft, 3D Geoinformation Group

Á More info: https://3d.bk.tudelft.nl/gagugiaro/

Research focus: Semantic 3D city modelling for urban applications

https://3d.bk.tudelft.nl/gagugiaro/


3D Geoinformation group
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ÅFounded in 2015

ÅFaculty of the Built Environment 
& Architecture

ÅHead: Prof. Jantien Stoter 

Åhttps://3d.bk.tudelft.nl

Å(Some) partners:

https://3d.bk.tudelft.nl/


3D Geoinformation group: team
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3D Geoinformation group: mission & vision
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ÅDesign, develop, and implement better systems to model Digital 
¢ǿƛƴǎ ƻŦ ŎƛǘƛŜǎΣ ōǳƛƭŘƛƴƎǎΣ ŀƴŘ ƭŀƴŘǎŎŀǇŜǎΧ

ÅΧǘƻ ǎǳǇǇƻǊǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭƭƛƴƎ ŀƴŘ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ ϧ ŘŜǎƛƎƴ
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City modelling
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http://media.gettyimages.com/vectors/city-drawing-vector-id523441181?s=170667a
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ÅSeparate modelling, generally by specific sectors, e.g.

ï Energy

ïMobility

ï Ecology

ï Economy

ï Surveying

City modelling: today
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Everybody will answer:

"My digital twin, of course!"

Which digital twin?
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Image courtesy 
of J. Kämpf

Information flow

for urban development
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Dealing with urban data...
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Dealing with urban data...
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What about existing (open) geospatial standards?
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What about existing geospatial standards?

17

Semantic 3D city 

modelling

CityGML 2.0 intro

Applications

CityGML 3.0

Conclusions

Many objects(all volumes, mostly 
modelled as parametrized geometries)

One objectmodelled as closed 
ǾƻƭǳƳŜΤ ƴƻ άǘƘƛŎƪέ ǿŀƭƭǎ



GIS vs BIM world
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Differing geometric modelling paradigms
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CityGML: City Geography Markup Language
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ÅInformation model for 3D city models at
urban and regional scale (OGC standard)

ÅComprises thematic areas for buildings, terrain, traffic, tunnel, bridges, 
vegetation, etc.

ÅIncludes 3D geometry at multiple levels of detail (LoD), topology, semantics 
and appearance

ÅExtendible to other application domains
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CityGML
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ÅCityGML 1.0: released in 2008

ïReleased as OGC Standard

ÅCityGML 2.0: released in 2012

ïAddition of Bridge and Tunnel modules

ïMinor other changes

ïCore of this presentation

ÅCityGML 3.0: data model released in 2021

ïMajor revision of existing modules

ïAddition of Versioning, Dynamizers, support for PointClouds

ïSome slides at the end of this presentation
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Image source: VCS

CityGML 2.0: Modules overview



CityGML: Building module
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ÅNowadays: creation of 3D city models (up to LoD2) is nearly completely 
automatic

ÅGeometric modelling as solids,  multi-surfaces, or (from LoD2) thematic 
surfaces 

ÅPossibility to partition buildings in building parts
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CityGML: Building module
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CityGML: Tunnel module
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CityGML: Bridge module
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CityGML: City furniture module
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ÅConceived mainly for 
immovable objects like 
street lanterns, bus 
stops, street signs, etc.

ÅCan be represented also 
as implicit geometries
ï You use one geometric 
ǇǊƻǘƻǘȅǇŜ ǘƘŀǘ  ȅƻǳ άŎƭƻƴŜέ 
several times providing each 
time the specific position, 
orientation and scaling
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CityGML: Vegetation module
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ÅSolitary vegetation 
object can be 
represented in 
multiple LoDs with 
any geometry

ÅPlant cover can be 
represented only as 
MultiSurface or 
MultiSolid
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CityGML: Transportation module
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CityGML: Transportation module
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CityGML: Land use module
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CityGML: Waterbody module
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CityGML: Terrain module
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ÅSupports raster and vector DTMs

ÅMultiple, heterogeneous DTM can be nested

ÅEach DTM is delimited by a validity extend polygon
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CityGML: Other modules
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ÅCityObjectGroup

ïallows for arbitrary grouping of city objects

ÅGenerics

ïallows to define generic city objects, which are not already defined

ïallows to define generic attributes, which are not already defined

ÅAppearance

ïallows to define one or multiple appearances for each city object

ÅStyling with "colours"

ÅTexturing
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CityGML: beyond 3D geometry!
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Å3D visualisation (geometry and 
graphical appearance) is just the 
very tip of the iceberg!

ÅCityGML objects have plenty of 
attributes, relations

ïThey account for the core of 
semantic modelling

ïBut, yes, these are less visible at a 
ŦƛǊǎǘ ǎƛƎƘǘΧ
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CityGML: a closer look

35

ÅCityGML is actually two things
a) It refers to the name of the data model

b) It refers to one possible encodingof the data model

ÅThe conceptual data model consists of UML diagrams (and the 
accompanying specifications)

ÅThe encodingis how this information is actually written (e.g. to a file)
ï The most common encoding is by means of XML

ï The «rules» are encoded in a XSD file (XML Schema Definition)

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

ÅBut there exist other encodings, e.g. CityJSON(developed @ TU Delft), 
or as SQL-based database model (3D City Database)
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CityGML                CityJSON     3D City Database
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CityGML: a closer look
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о5 Ŏƛǘȅ ƳƻŘŜƭǎ ŦƻǊΧ
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Solar irradiation and photovoltaic suitability

Image source: https://youtu.be/pba-ernLoNo?t=23

https://youtu.be/pba-ernLoNo?t=23
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Traffic simulation

Image source: https:// youtu.be/nLRUyfwVESg?t=25

https://youtu.be/nLRUyfwVESg?t=25
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Planning of street lighting

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

More details: 
Den Duijn, X., Agugiaro, G., Zlatanova, S., 2018, Modelling below- and above-ground utility network features with the CityGML Utility Network ADE: 
experiences from Rotterdam. ISPRS Ann. Photogramm. Remote Sens. Spatial Inf. Sci., IV-4/W7, pp. 43-50. https://www.isprs-ann-photogramm-remote-sens-
spatial-inf-sci.net/IV-4-W7/43/2018/

https://www.isprs-ann-photogramm-remote-sens-spatial-inf-sci.net/IV-4-W7/43/2018/
https://www.isprs-ann-photogramm-remote-sens-spatial-inf-sci.net/IV-4-W7/43/2018/
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Urban noise studies

Image source: https://3d.bk.tudelft.nl/projects/noise3d/
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Energy assessment of the built environment

Image source: Agugiaro (2016) 

http://sbc1.ait.ac.at:10180/projects/meidling/cesium/webmap_nrg/index.html
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Further details:
Skarbal, B., Peters-Anders, J., Faizan Malik, A., Agugiaro, G., 2017,
How to pinpoint energy-inefficient buildings? An approach based on the 3D city model of Vienna.
ISPRS Ann. Photogramm. Remote Sens. Spatial Inf. Sci., IV-4-W3, pp. 71-78
https://www.isprs-ann-photogramm-remote-sens-spatial-inf-sci.net/IV-4-W3/71/2017/


