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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:

• 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.

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

contributions under the same license as the original.
• 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
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https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode
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• This tutorial is meant to guide your step-by-step with the basics of reading/writing 
(XML-based) CityGML 2.0 data with FME Form

• Besides FME Form, you are heartily suggested to:

– Install and have the KIT ModelViewer and a decent text editor at hand (e.g. Notepad++)

– Have the CityGML 2.0 UML diagrams at hand for reference

– Have the CityGML 2.0 Specifications at hand for reference

• Further suggestions

– Before jumping to FME Form, familiarize yourself with the KIT ModelViewer, too!

– If you are totally new to FME Form, you should really first check the FME tutorial for beginners

– Follow this tutorial AND try to repeat it on your PC what you see in the slides

– Pay attention to the details that are highlighted in the screenshots

https://www.iai.kit.edu/english/4561.php
https://www.iai.kit.edu/english/4561.php
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://mediatum.ub.tum.de/attfile/1145731/hd2/incoming/2013-May/599242.pdf&ved=2ahUKEwjaurrSk7aIAxVS1wIHHai9FzIQFnoECAcQAQ&usg=AOvVaw2is-JjRwB7hqHGUoXc8WHn
https://portal.ogc.org/files/?artifact_id=47842
https://3d.bk.tudelft.nl/gagugiaro/tutorials/pdf/FME_Form_for_beginners.pdf
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• The following slides are based on the CityGML sample dataset Alderaan. The dataset 
consists of a fantasy city consisting of buildings, trees, and 
a DTM. The zipped file contains XML-based CityGML 2.0 
data grouped into different files.

– A quick introduction to the Alderaan dataset can be
downloaded here

– The zipped file containing the data can be downloaded here.

• The dataset is intended to be used as reference, to test and to learn.
Therefore… do not worry! If you make mistakes, neither you nor 
your computer will be destroyed by an evil green super laser during
this tutorial ☺

https://3d.bk.tudelft.nl/gagugiaro/tutorials/pdf/Alderaan_dataset.pdf
https://3d.bk.tudelft.nl/gagugiaro/tutorials/pdf/CityGML_Alderaan.zip
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WARNING
Just to be clear:

• No chance you can “survive” this tutorial without being familiar with the CityGML data 
model

• Hence: always have a copy of the UML diagrams at hand, and – possibly – a  copy of 
the CityGML specifications!

• Nota bene: these slides are based on FME Form 2023 (or earlier). Since FME Form 
2024, some GUI elements have been redesigned. The overall structure and 
functionalities, however, remain the same!
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• A CityGML file is read and written by means of MULTIPLE readers/writers.

• Simply put, each reader/writer corresponds to a GML Feature

– i.e. all CityObjects (Building, BuildingPart, RoofSurface, …)

– But also: Address, Appearance, etc.

• Attributes of a Feature are included inside the corresponding reader/writer

• Generic attributes are (by default) attached to the corresponding Feature

– Optionally, they can be dealt with by means of a specific reader/writer 

• Nested data (which are not a Feature) are accessible via attributes (XML path is 
flattened to a long attribute name)

– Lists are used with properties that have a cardinality of 0..*

– Example: citygml_function{}, citygml_usage{}

Sample dataset

Introduction

Good habits

Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs
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• Geometries are mapped to/from the FME geometry model

– Geometry traits/properties are fundamental to work with CityGML in FME

• Geometries referenced by Xlinks are instantiated within the workbench upon reading, 
and (optionally) written again as Xlinks by the writer

• Implicit geometries are supported, and mapped to FME Geometry Instances

• Appearances are also supported

– User friendly approach: only one appearance per CityGML file

– Advanced mode: many appearances per CityGML file

– Please note: FME can read and write multiple appearances, but the Data inspector only shows 
one (the first written in the xml file)

Sample dataset

Introduction

Good habits

Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs
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• Particular attributes play a major role when working with CityGML

– The spelling of the attributes is important: they must be exactly as shown here!

• For non-spatial data:

– gml_id

– gml_parent_id

– citygml_feature_role (see next slide)

– attribute_name_xlink_href

• For geometries (via geometry properties, previously known as geometry traits)

– gml_id

– citygml_lod_name (see next slide)

– xlink_href

– gml_geometry_reversed (Boolean: true or false)

Sample dataset
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Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs
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Sample dataset
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citygml_feature_role

citygml_lod_name

• As already said: ALWAYS have the UML diagrams of CityGML at hand!

• A citygml_feature_role attribute contains the name of the roles between two features 
classes

• A gml_lod_name attribute contains the name of the role between a geometry and a 
feature class
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• Use the validation option for reading and, above all, writing CityGML. It gives hints at 
what you may be doing wrong

– As it slows down the ETL process, you may disable it when you are sure you are generating 
valid CityGML files

• Always test (and learn) using few data before going full scale

– CityGML files can become very large!

• Check the generated file in a text/code editor

– At least while testing at the beginning

– Using Windows Notepad is a bad option. Go for something better (e.g. Notepad++)

• If you can, use a multi-monitor configuration

– More real estate where to place the application windows

– Your eyes will be thankful! ☺

Sample dataset
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Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries
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• For spatial data, FME has its own internal geometry model. All geometries are 
mapped to/from it
– https://docs.safe.com/fme/html/FME_Desktop_Documentation/FME_Desktop/!FME_Geometry/FME_Geome

try_Model.htm

• It is rather intuitive, however with some peculiar semantics
– Area: a 2D polygon with or without holes is called a “Donut” or a “SimpleArea”

– Surface: a 3D geometry (simple or composite) that is made of 3D entities (Face, RectangleFace, 
… Mesh) and generally has a surface normal

• Examples of series of geometrical transformations could be: 
– donut  -> face -> multisurface

– polygon  -> face -> composite surface -> Brep-solid

• WATCH OUT: A “classical” 3D polygon can be many things in FME!

• Geometries can have “internal” attributes called geometry traits

Sample dataset
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Good habits

Reading CityGML
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Good habits 2

Appearances

Implicit Geometries

ADEs

https://docs.safe.com/fme/html/FME_Desktop_Documentation/FME_Desktop/!FME_Geometry/FME_Geometry_Model.htm
https://docs.safe.com/fme/html/FME_Desktop_Documentation/FME_Desktop/!FME_Geometry/FME_Geometry_Model.htm
https://docs.safe.com/fme/html/FME_Desktop_Documentation/FME_Desktop/!FME_Geometry/FME_Geometry_Model.htm


12

Sample dataset

Introduction

Good habits

Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs



13

Sample dataset

Introduction

Good habits

Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs
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Sample dataset
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Sample dataset
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All GML feature types in 
the file are presented

You can choose which 
ones to import
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Sample dataset
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Here they are!

ONE reader for each GML feature type!

Wait a minute! Why are GroundSurface, 
WallSurface and RoofSurface readers 
here?

Because thematic surfaces are 
CityObjects, too! Remember? ;-)

Check the UML diagram!
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For example:

A RoofSurface:
• is a _BoundarySurface,
•which itself is a _CityObject!
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Sample dataset
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Attributes of a Feature are included in the corresponding reader



19

Sample dataset
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ADEs

Attributes of a Feature are included in the corresponding reader

Attributes with a {} are actually lists. I.e. They can contain multiple 
values, accessible via indices. E.g. citygml_usage{0}, 
citygml_usage{1}, etc.

Check the UML diagrams! ☺
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Sample dataset
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[0..*] -> there can be multiple values of usage!!
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Sample dataset
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Attributes of a Feature are included in the corresponding reader

Generic attributes are added, too (here: all test_* attributes are 
CityGML generic attributes).
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Sample dataset
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Geometries of a Feature are 
included in the corresponding 
reader and can be visualised 
directly
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Sample dataset
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Attributes of a Feature

The arrows show the "particularly 
relevant" feature attributes
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Sample dataset
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Geometry/(ies) of a Feature

Here we have an aggregation of geometries: 
LoD0 and LoD1

The same feature has multiple geometries!



25

Sample dataset
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For the LoD0, you can see the hierarchy:
MultiSurface -> Face(s) -> Polygon

By the way: do not be fooled by the 
visualisation! You see a triangulated mesh, 
but the polygons have 4(+1) vertices!
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Sample dataset

Introduction
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Reading CityGML

Writing CityGML
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Appearances

Implicit Geometries

ADEs

Attributes of a Geometry
The arrows show the "particularly relevant" geometry attributes
In FME, they are called geometry traits (or properties).
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Sample dataset
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Also for the LoD1, you can see the geometry 
hierarchy:
BRepSolid -> CompositeSurface -> Face(s) -> Polygon

And the geometry traits (or properties).
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Sample dataset
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To visualise the LoD2 thematic 
surfaces, you need to connect 
inspectors to the respective  
readers

(The appearance setters are 
added here only to simplify the 
visualisation in the next slides!)
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For the LoD2 WallSurfaces, you can see the 
attributes and the geometry hierarchy:
MultiSurface -> Face(s) -> Polygon

And the geometry traits
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Sample dataset
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For the LoD2 WallSurfaces, you can see the 
attributes and the geometry hierarchy:
MultiSurface -> Face(s) -> Polygon

And the geometry traits
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Sample dataset
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ADEs citygml_feature_role
citygml_lod_name
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This is analogous for the the LoD2 RoofSurfaces. You 
can see the attributes and the geometry hierarchy:
MultiSurface -> Face(s) -> Polygon

And the geometry traits
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Sample dataset
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Writing CityGML

in FME
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Sample dataset
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Select a CityGML writer and set some options.
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• Suggestion: turn output validation ON (at least at the beginning!)

• GML srsName is composed of information regarding the horizontal AND the vertical 
datum (we are dealing with 3D data)

– urn:ogc:def:crs,crs:EPSG::28992,crs:EPSG::5109

• Pretty print allows you to write nicely indented XML using tab spaces

– Suggestion: turn it on!

Sample dataset

Introduction

Good habits

Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs

Vertical datum
Normaal Amsterdams Peil
https://epsg.io/5109-datum

Horizontal datum
Amersfort / RD New
https://epsg.io/28992

https://epsg.io/5109-datum
https://epsg.io/5109-datum
https://epsg.io/5109-datum
https://epsg.io/28992
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Sample dataset
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All GML feature types 
are presented

You can choose which 
ones you need
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The validation was 
carried out successfully

Connect...

run...

 ...et voilà!
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OUTPUT
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Sample dataset
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Sample dataset
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INPUT

Literally... lost in translation!

The generic attributes have not 
been written to the new file
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Sample dataset
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You have to add them to 
the writer manually, and 
define the proper data 
type



43

Sample dataset

Introduction

Good habits

Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs

The generic attributes are back!
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Sample dataset
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An alternative approach to automatically preserve the generic 
attributes is to add a writer and tell it to import the feature type 
definitions from an existing dataset (e.g. your input file)
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Sample dataset
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The generic attributes are added automatically to the writer, BUT THE 
DATA TYPES still need to be adjusted manually  

BEWARE: The default value (xml_buffer) will generate only STRINGS
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• When working with Features that have attributes and geometries, try to deal with attributes 
and geometries separately, and aggregate them at the very end before writing them

– Not an official approach, just Giorgio's path to (FME) happiness ☺

• In order to separate different geometries associated to the same feature (e.g. a building), 
you can disaggregate and filter them, and afterwards aggregate them again

• You can extract geometry properties/traits with a GeometryPropertyExtractor. They will be 
added as normal attributes

• You can set geometry properties/traits with a GeometryPropertySetter. Refer to the UML 
diagrams to find out the exact value of the citygml_lod_name attribute. 

• You can group transformers in order to reduce chaos in the workbench

• Do not be stingy on GeometryValidators! They help "cleaning up" and correcting issues in 
geometries

Sample dataset
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Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs
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Sample dataset

Introduction

Good habits

Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs

When working with Features that have attributes and geometries, try 
to deal with attributes and geometries separately.

Aggregate them at the very end before writing them (Giorgio's path to 
FME happiness)
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In order to separate different geometries 
associated to the same feature (e.g. a 
building), you can deaggregate and filter 
them using the _geometry_name
attribute generated by the Deaggregator
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Example:
For each building, two geometries have been extracted, 
corresponding to the lod0Footprint and the lod1Solid
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You can extract geometry traits with a 
GeometryPropertyExtractor. 

They will be added as normal attributes
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You can group transformers in order to 
reduce (visual) chaos in the workbench
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You can group transformers in order to 
reduce (visual) chaos in the workbench
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CityGML Appearances

in FME
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• To remove an existing appearance you use an 
AppearanceRemover, to add an appearance you 
use the AppearanceSetter; the AppearanceStyler
gives you additional options  

• If you are working with data that has no pre-existing 
appearance, and you want just one Appearance 
object, FME will take care of it automatically.
– You can set the parameter Theme Name (default: 

FMETheme)

• If you are working with data that has one pre-
existing appearance, and you want to keep it, FME 
will take care of it automatically

• If you are working with data that has two or more 
pre-existing appearances, FME will take only the 
first one by default. All the other will be lost, unless 
you "manually" load the Appearance and 
X3DMaterial (and/or ParametrizedTexture and/or 
GeoreferencedTexture) writers (see later)
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Appearances

Implicit Geometries
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• FME generally creates global appearances by default

• Appearance, X3DMaterial, ParametrizedTexture and GeoreferencedTexture are GML 
Features! So

– You still deal with them with gml_id, parent_id, citygml_feature_role, and possibly 
attribute_name_xlink_href attributes!

• Check the UML diagrams for reference

Sample dataset

Introduction

Good habits

Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs



58

Sample dataset

Introduction

Good habits

Reading CityGML

Writing CityGML

Good habits 2

Appearances

Implicit Geometries

ADEs

To manually load the appearance-
related readers, you tick this option 
in the settings of the reader
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The citygml_target attribute is a list containing 
the xlinks to the gml_ids of the geometries

Remember: Xlinks are prefixed with #
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In case of multiple appearances, FME reads the first one and assigns 
it per default to the features. You have to remove it (Appearance 
remover) and…
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…let the Appearance and X3DMaterial readers/writers do their job
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CityGML Implicit Geometries 

in FME

This section is still work in progress and will be added in future
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CityGML ADEs in FME
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• FME supports CityGML Application Domain Extensions (ADE)

• To to read and write ADE contents, FME needs the xsd file of the corresponding ADE

• Both the CityGML reader and writer allow to select one (or more) xsd files, i.e. it is 
possible to work with multiple ADEs at the same time

• In principle, the same rules apply as with standard CityGML:

– All new ADE classes that are derived from a GML Feature class are mapped to the 
corresponding reader and writer

– Classes that extend existing CityGML classes via the so-called ADE-hook 
mechanism are "merged" with the corresponding CityGML reader/writer

• For example: Energy ADE _AbstractBuilding properties are merged to those of standard 
Building or BuildingPart readers and writers
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FME CITYGML READER with ADE

1) Load the CityGML reader as usual
2) Select the file with ADE contents to read
3) Load the corresponding ADE xsd file in the reader parameters
4) As usual, it's a good habit to turn validation on!!
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FME CITYGML READER with ADE

The standard CityGML readers will 
pop up, TOGETHER with those of the 
ADE

As usual, you can select them all, or 
pick only some, depending on your 
needs
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Here you go!

These are the FME readers that take 
care of the corresponding ADE 
classes that are derived from GML 
Feature
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Here the Energy ADE ThermalBoundaries are shown

Energy ADE properties are generally mapped to attributes 
beginning with the namespace of the ADE (here: energy_)

Look for example at the citygml_feature_role and the 
citygml_lod_name attributes. Check the UML diagram in the 
next slide
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citygml_feature_role

citygml_lod_name

Watch out! This is an 
alternative way of representing 
a relation to a GML class 
representing a geometry
(here: GM_MultiSurface)

UML diagram of the Energy 
ADE Building physics module 
(excerpt)

Example of ADE property
(by the way: the Angle type 
requires the unit of measure!)

https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
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In case of ADE classes extending standard CityGML classes, properties are 
simply added to the standard FME reader

Example: Building reader, with additional Energy ADE properties and 
attributes (check the UML diagram in the next slide)

Attributes are prefixed with the ADE namespace (e.g. energy_*)
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Screenshot taken from the UML diagram of the CityGML Energy ADE. More details in:
Agugiaro, G., Benner, J., Cipriano, P., Nouvel, R., 2018, The Energy Application Domain Extension for CityGML: Enhancing interoperability for urban energy simulations.
Open Geospatial Data, Software and Standards, 2018 3:2. SpringerOpen, United Kingdom. (open access) 
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y

CityGML class _AbstractBuilding is extended by the Energy ADE

Properties of the ADE class are added to the corresponding FME 
reader (here: Building and BuildingPart readers)

https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-018-0042-y
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FME CITYGML WRITER with ADE

1) Load the CityGML writer as usual
2) Define the file with ADE contents to write
3) Load the corresponding ADE xsd file in the writer parameters
4) As usual, it's a good habit to turn validation on!!
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You create only writers for those classes that are contained in a 
certain CityGML file (example left), or lead ALL CityGML and ADE 
writers if you leave the field blank (example right).

In any case, you choose the needed writers
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Here you go!

These are the FME 
writers that take care 
of the corresponding 
ADE classes that are 
derived from class GML 
Feature

From now on, it is 
"business as usual"
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Connect, run, 
(validate) and... 
done! ☺ 
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