The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLIV-4/W1-2020, 2020
3rd BIM/GIS Integration Workshop and 15th 3D Geolnfo Conference, 7-11 September 2020, London, UK

VISUALISING DETAILED CITYGML AND ADE AT THE BUILDING SCALE

J.Lim !, P. Janssen !, F. Biljecki "2*

! Department of Architecture, National University of Singapore, Singapore
2 Department of Real Estate, National University of Singapore, Singapore

Commission VI, WG V1/4

KEY WORDS: CityGML, ADE, visualisation, 3D city models, BIM

ABSTRACT:

There is an increasing activity in developing workflows and implementations to convert BIM data into CityGML. However, there
are still not many platforms that are suitable to view and interact with the detailed information stored as a result of such conversions,
especially if an Application Domain Extension (ADE) is involved to support additional information. We investigated the ease of use
and features supported by visualisation software and tools with CityGML and ADE support, and propose an approach to develop a
tool that combines useful features using a set of generic rules that can extract CityGML ADE attributes. The work, while generic, is
geared towards detailed architectural datasets sourced from BIM. We implemented the approach in a web-based viewer supporting

the visualisation of CityGML datasets enriched with ADE features.

1. INTRODUCTION

There has been an increasing effort into converting Build-
ing Information Modelling (BIM) datasets into CityGML (EI-
Mekawy et al., 2012; Liu et al., 2017; Zhu et al., 2018; Noardo
et al.,, 2019). One of the main motivation is to leverage
on information created during the design phase of construc-
tion (Donkers et al., 2016; Stouffs et al., 2018), enabling the
generation of highly detailed models with interior benefiting
many applications (Boeters et al., 2015; Isikdag et al., 2013;
Chen et al., 2014; Atazadeh et al., 2017; Biljecki et al., 2015).

Such conversions have been accomplished by different meth-
ods, some of which simplify and omit information from
the BIM models to better suit CityGML and the geospatial
world (Deng et al., 2016; Donkers et al., 2016; Kang and Hong,
2017; Lim et al., 2019). These methods sometimes extend
the CityGML schema using Application Domain Extensions
(ADEs) to accommodate the rich information found in BIM
models (de Laat and van Berlo, 2011; Biljecki et al., 2018).
While such approach aids preserving the rich information, a
downside is that CityGML datasets enriched with ADEs usu-
ally cannot be appropriately visualised and worked with, using
the currently available CityGML software and tools.

This paper has multiple goals. First, we provide a brief in-
troduction to CityGML and ADE, as well as a review of soft-
ware and tools available to support the visualisation of and in-
teraction with CityGML files containing ADEs (both from the
geometric and semantic aspect), focusing on their ease of use
and the features they provide for interaction with objects in the
model and their attributes. Since building-scale data may be
heavy, we also include large files in the review.

Second, we discuss briefly the fact that there are few options
that allow such interaction to be done easily and appropriately
for these detailed building models obtained from BIM mod-
els, we suggest and demonstrate a possible approach to develop
such a tool. This tool would ideally be able to open and visu-
alise any CityGML model containing ADE attributes, support
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viewing of all attributes linked to any selected object, and sup-
port filtering of the objects in view by any of the detected at-
tributes, with the possibility of adding more features in the fu-
ture. This would all be done with a minimum amount of setup,
both for getting the platform ready and preparing the models
for viewing, such that models can be viewed at the click of a
button. The developed approach uses a combination of generic
rules to extract information from both standard CityGML and
ADEs, and by utilising a flexible web interface that has a wide
support community. We hope that such a tool would be able
to offer some support towards development and usage of other
tools and ADEs at the building scale. Finally, we evaluate the
limitations of our approach and briefly discuss other possible
avenues for exploration in future work.

2. CITYGML AND ADE

CityGML is a data model for 3D city models standardised by
the Open Geospatial Consortium (OGC). It is based on Geo-
graphy Markup Language (GML) and it consists of a number
of modules that support different aspects of the urban environ-
ment, including buildings, city furniture, vegetation, and ter-
rain (Open Geospatial Consortium, 2012). One of the strong
points of CityGML is its ability to store and communicate a
large amount of semantic information in its models, in addi-
tion to visual and geometric information (Groger and Pliimer,
2012). For example, this includes information on surface types,
heights, addresses, and names.

In addition to the wide range of semantic information it covers,
CityGML features the Application Domain Extension (ADE)
mechanism. These are additional, user-defined schemas that ex-
tend the standard CityGML to handle information aimed at spe-
cific domains. ADEs extend CityGML in different ways, e.g.
geometrically (adding new geometric types), and semantically
(adding new types of attributes and relations) (van den Brink
et al., 2013; Kumar et al., 2018). A large number of ADEs
defined for different uses have been created, documented, and
researched (Biljecki et al., 2018). Some, such as the NoiseADE
and EnergyADE (Czerwinski et al., 2006; Agugiaro et al.,
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2018), have become widely used and some have been recog-
nized and added as additional thematic modules to the native
CityGML schema, e.g. Bridge ADE with CityGML 2.0 and the
Dynamizer ADE with the upcoming CityGML 3.0 (Chaturvedi
and Kolbe, 2016; Kutzner et al., 2020).

3. REVIEWING CITYGML VISUALISATION AND
ADE SUPPORT

There is a number of visualisation and geospatial software that
support CityGML. However, many use cases involve using and
visualising CityGML models by converting them to other data
formats, since it is primarily intended as a data exchange model.
This section reviews relevant software packages that are able
to read CityGML data and visualise them either directly or
through their own pipeline, without needing users to convert
files separately using other software before viewing. Our re-
view is focused on understanding their capabilities to read and
display information provided through the ADE.

3.1 Methodology

We looked at seven software packages that are currently avail-
able, by opening and viewing six different datasets, focusing
on how much of the files’ geometry and properties the pro-
grams were able to support and view. This approach is sim-
ilar to the methodology of Noardo et al. (2019), with our re-
view more focused on ADEs. We also noted how easy it is to
open a file for viewing and view the properties of the differ-
ent objects in the model. Our selection of datasets includes
a large CityGML model of Rotterdam in LOD1 (3D Geoin-
formation group, 2019), a NoiseADE sample dataset for build-
ings provided by OGC (Open Geospatial Consortium, 2012),
an EnergyADE sample dataset of a house (KIT, 2017), and a
UtilityNetwork ADE sample dataset of the water pipes (Boates,
2019). The remaining two files were developed by our team,
both sourced from a conversion from IFC — one containing
indoor data in the standard CityGML form without an exten-
sion (Konde et al., 2018), and another of a large building con-
taining an ADE. An overview of the files and their contents are
shown in Table 1.

3.2 Software descriptions and observations

3.2.1 SpiderViewer SpiderViewer is a CityGML viewer
developed by GEORES. It allows the customising of ap-
pearances and textures based on the semantic properties of
CityGML elements. In our tests it was able to detect ADE
schemas and namespaces within the files but was unable to re-
solve the schemas and thus was unable to display these models.

3.2.2 FZKViewer 5 One example of visualisation software
that supports both CityGML and ADE is FZKViewer, de-
veloped by TAI/KIT, a tool for Windows that is able to visu-
alise geometric and semantic information from IFC, gbXML,
and CityGML files (KIT, 2020). In addition to the 3D view of
the model, it is able to extract the hierarchy and relationships
between objects in the file, as well as tables of properties or
statistics regarding the objects found. Out of the box, it can
view geometries and semantic information from some selected
ADEs with built-in support, such as the Energy ADE. It is also
able to display the geometry and a portion of the properties for
the NoiseADE but was unable to for the UtilityNetworkADE.
It allows the user to navigate through the hierarchy of the file

and hide objects with a simple interface. It also allows for in-
teraction with individual objects, like individual wall surfaces
or windows. Selecting an object in the 3D view or in the attrib-
utes table highlights it in all other windows and pulls up a list
of properties for the selected object.

3.2.3 azul Azulis atool for macOS that supports 3D visual-
isation of CityGML, CityJSON, OBJ, OFF and POLY files (Ar-
royo Ohori, 2020). It is able to open multiple files, and displays
the attributes of objects when they are selected in the viewer or
in the sidebar. It supports the IMGeo ADE and is able to ex-
tract geometries from any ADE for visualisation, but it has no
full support for the extraction of ADE attributes. It was able
to open files 1, 3, 5, and 6. With file 4, it was able to detect
the geometry and list them in the sidebar, but no geometry was
displayed in the viewer. With the files we used, some properties
such as name and type were displayed but ADE attributes were
not able to be extracted.

3.2.4 FME 2019.2 Another software package that supports
CityGML and also comes with ADE functionalities is FME.
It is a data integration tool and focuses on the conversion and
translation of one format to another, supporting hundreds of dif-
ferent file formats and software, one of which is CityGML.
It reads the XML file to find the ADE specifications where
needed, or XSDs can be directly input to allow for ADE sup-
port. It comes with a visualising component, FME Data In-
spector, which allows for the visualisation of information along-
side the conversion process (Biljecki et al., 2018). It was able
to open files 1, 2, 3 and 5 without any configurations or XSDs,
with all Noise ADE properties from file 2 and Energy ADE prop-
erties and geometry from file 3. Files 4 and 6 require additional
configuration in order to be opened.

3.2.5 QGIS 3.12 QGIS is an open-source geographic in-
formation system software that is able to load, view and edit
CityGML files, among other supported file formats. When
loading a CityGML file, objects from the different CityGML
modules are detected and divided into different layers from
which the user may select which ones they wish to import. It
supports viewing the files in 3D, but this works only for certain
types of files, while others may require pre-processing first. For
example, while parts of the Rotterdam example are viewable in
3D, the NoiseADE example is only viewable in 2D. However,
even though it is possible, we observed that viewing files in 3D
can be taxing on the computer. ADE properties are fully impor-
ted and viewable in its property tables but ADE geometry may
not be supported. For example, the FZKHouse example file’s
properties are all imported and can be viewed but the geometry
is empty, while the Nanaimo water pipes file’s properties and
geometry are both supported.

3.2.6 CesiumJS and Cesium ion CesiumJS is an open-
source JavaScript library for creating 3D geospatial visualisa-
tions. It supports a large variety of 3D file formats, such as
¢ITF, and also offers a separate service, Cesium ion, that con-
verts various other file types, including CityGML, to 3D tiles
and hosts them on their server for viewing (Amato, n.d.). Cur-
rently Cesium ion is focused on providing efficient tiling and
other options like textures and clamping to terrain. It is able to
extract properties and store them in batch tables to be used in
Cesiuml]S viewers, such as for viewing when objects are selec-
ted, but it does not support ADEs at the moment. Due to the
conversion process, it treats buildings as single objects, so it is
not possible to retain and view properties for individual build-
ing elements using this service. Cesium ion is easy to use and
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Table 1. List of datasets used in our research.

No. File Version ADE Size
1 Rotterdam_CityGML.gml CityGML 2.0 - 689056 kB
2 noiseADE _building_example.gml CityGML 2.0  NoiseADE 2.0 7kB
3 FZKHouseLoD3-ADE.gml CityGML 2.0  EnergyADE 1.0 150 kB
4 nanaimo_water_pipes.gml CityGML 2.0  UtilityNetworkADE 0.9.2 12994 kB
5 Two_storey_residential _building_sample-xxx-003-006.gml ~ CityGML 2.0 - 135 kB
6 BCA_Academy-004-002-002.gml CityGML 3.0 IfcADE 18989 kB

converts and tiles selected files without any complicated con-
figurations. Upon conversion, a link to a simple sandbox to
preview the converted file is provided, but in order the view the
models and its properties properly, customisation of this code
or a separate CesiumJS implementation is required.

3.2.7 3DCityDB and 3DCityDB web-map-client Due to
the large nature of urban-scale 3D models, a common way to
manage CityGML datasets is the use of a database to store and
manage the large amount of information. Often, in conjunc-
tion with this, is the visualisation of the information in a sep-
arate application or web-based interface, with models and data
streamed as needed from a server. In such environments, the
CityGML models are usually converted into other file formats
with better visualisation support, and the attribute information,
such as names, heights, and addresses, are extracted from the
models and stored in a separate format to be queried as needed.
However, the models themselves no longer carry the semantic
information, which may be crucial for use cases. Such an ap-
proach has been researched with a wide variety of combina-
tions between file formats and platforms such as JSON files
with WebGL browser interfaces, custom C3D files with a Java
applets, gITF with CesiumJS, and OBJ with mobile applica-
tions (Gesquiere and Manin, 2012; Prandi et al., 2015; Simoes
et al., 2015). A widely used database is 3DCityDB, an open
source spatial relational database which employs either Oracle
or PostgreSQL to store and manage the information found in
CityGML files while retaining both semantic and geometric
data (Yao et al., 2018). It provides a frontend interface which
makes it easy to import CityGML files and convert and export
information to KML, COLLADA, gITF and spreadsheets, auto-
matically tiling the models in the process. It also offers a sep-
arate web client based on CesiumJS that can be configured to
view the exported files in a web browser. In this web-map-
client, different sets of files can be organised into different lay-
ers, objects can be hidden and revealed, shadows and terrains
can be toggled, and it can also be set up to display object attrib-
utes upon selection (Figure 1).

Since v4.0.0, it also has implemented ADE support into their
database, in which XSDs can be used to configure the database
to store the required information. However, the ADE function-
ality is not yet fully automatically integrated with their frontend
interface and will require the user to develop the explicit map-
ping information themselves in order to configure the database
and process the models for viewing (Yao et al., 2018). A large
number of development and research efforts into CityGML
visualisation focuses on how to best use 3DCityDB to perform
and look better, and integrate with other information sources
and types. This includes development of different ways to dis-
play models, integration with services to draw data from a wide
variety of sources and many other works (Prieto et al., 2012;
Pispidikis and Dimopoulou, 2016; Wang et al., 2018). Due to
the conversion of files to gITF and KML, the 3DCityDB web-
map-client is only able to select what 3DCityDB calls ‘top-level

elements’. This means that it can only select entire buildings
as one object and is not able to allow selection of individual
building elements. Aside from this main disadvantage, even
though the 3DCityDB interface greatly simplifies the setting up
and managing of CityGML files, it still requires an amount of
additional work to set up, configure and export the files and
spreadsheets for viewing. In addition, although the web client
supports the viewing of attributes upon selection, the built-in
setup is done such that it requires the spreadsheets to be made
publicly accessible via Google Fusion Tables. It would require
a separate implementation to support this attribute viewing fea-
ture differently.

3.3 Results and takeaways

The results of opening the six files in the seven visualisation
software are summarised in Table 2, while Table 3 shows a
summary of the features that are supported. The main takeaway
from these simple tests with a number of different software and
files was that CityGML viewers that support ADE fully out of
the box are not common. The ones that are able to do so require
setting up with the ADE XSDs and other additional configur-
ations to properly handle files containing ADEs. Meanwhile,
those that are easy to use are only able to support ADEs par-
tially. In addition, the options that rely on conversion of the
CityGML into other formats are only able to treat buildings as
single items and selection of individual building elements is not
supported. When such a system is used with the detailed LOD3
or LOD4 models of buildings at the building-scale, the rich in-
formation stored deeper in the model, such as at each storey or
in each room, cannot be accessed. Such a shortcoming can be
detrimental for certain situations and use cases.

3.4 Lessons learned and goals for our work

Our project aims to look into ways to support the visualisation
and querying of CityGML objects at a building scale, inclus-
ive of ADE support, in order to view such models in an easy
and meaningful manner. In addition, we also hope to devise a
method to view CityGML models based on the CityGML 3.0
schema and customised ADE:s that are still under development
and do not have stable XSDs. After examining the features of
existing software and tools and the types of information found
in CityGML models obtained from BIM models, we believe the
ideal outcome would be to have a viewer with the ability to read
and display files using generic rules that extract both geometry
and properties, hopefully with results similar to QGIS where
all the ADE properties are automatically detected. These rules
would be loosely based on the CityGML schema but will not
have to rely on the schemas for the ADEs, such that no config-
uration or stable XSDs are needed. The viewer would have to
be able to allow the user to select individual building elements
and view their properties, much like FZK Viewer, in order to
properly capture the all the information stored. We also hope
that the viewer would have the accessibility, interactivity and
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Figure 1. File 5 viewed using 3DCityDB web-map-client. It is possible to set it up to display a set of selected CityGML properties.

Table 2. Results of opening the files in the reviewed visualisation software.

File 1  File 2 File 3 File 4 File5 File6

SpiderViewer  No No No No No No

FZKViewer Yes Yes, partial ADE Yes No Yes Yes, no ADE

Azul Yes Yes, with issues Yes, no ADE No Yes Yes, no ADE

FME Yes Yes Yes Yes Yes ;{zi’ with configura-
QGIS Yes Yes, 2D Yes, no geometry Yes No No

Cesium Ion Yes Yes, no ADE No No No No

Yes, no ADE without  Yes, no ADE without No without sienificant
3DCityDB Yes significant configura-  significant configura- & Yes No

tion tion

configuration

possibility of wider support for different information that the
platforms created with 3DCityDB and CesiumJS offer. This
would be done by detecting the native CityGML information
in the file and extracting geometry and attributes according to
the specified schema, while applying generic text content ex-
traction for anything outside of the schema, which is assumed
to be ADE information. In this way, the viewer does not need
detailed information on the ADE and can be used to view ADEs
still under development, or without XSD files. It could be a pos-
sible way to look at such files to get a better idea of what ADE
properties are inside them, without having to look directly at
the XML code.

4. METHODOLOGY

We have developed a viewer to demonstrate the implementa-
tion of a tool that would be able to read and display CityGML
files with ADEs using three generic rules. This was done in the
form of a web-based interface, using CesiumJS to support the
visualisation.

4.1 Cesium]JS and its Entity API

Apart from CesiumJS’s support for a wide variety of file
formats directly and through Cesium ion, it is also possible to
create polygons and attach attributes to them on the fly, using
its entity API. This allows us to read the CityGML files directly
and create each polygon in the CityGML model separately. This

would also allow each object or surface in the file to be viewed
and selected as an individual object with its own semantic in-
formation, which is not possible with the other methods that use
gITF or 3D Tiles. These include information such as its surface
type and other attributes attached to the object, or information
attached to objects higher in the tree such as information on the
storey or building the object is located within. While not the
most efficient solution in terms of performance, it is a simple
method that could be used to view small files directly in the
browser without the added hassle of setting up separate data-
bases and servers or converting the file to other file formats.

4.2 Rule implementation process

The rule implementation process we have used is split into three
parts. It aims to implement the rules in a way that will not
require the entirety of the CityGML file to be checked against
the schema, or keep too much of the file’s hierarchy in memory
while still allowing as much of the attributes to be extracted as
possible. The first part is the identification of generic rules that
would apply to a wide range of CityGML and ADE elements
and allow a sufficient amount of information to be extracted
properly with a small number of rules. The second part is the
processing of the CityGML schema to derive a representation of
these rules that could be used to inform the viewer of when each
rule should be applied. Ideally, this would cover the entirety of
the CityGML schema. The last is the development of a viewer
that would apply these rules to the CityGML files it receives
and extract the necessary information and display them in the
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Table 3. Summary of the features supported by the considered software.

Large files ADE support Ease of use Select building
elements
SpiderViewer  No Partial Drag and drop No
FZKViewer Yes Partial Drag and drop Yes
Azul Yes Partial Drag and drop No
EME Yes Y?S, may require configur- May require configura- Yes
ation tion/setup
QGIS Yes, .but 3D is taxing on Partial Drag and drop Yes
machine
Cesium Ion Yes, streamed No Reqmres configura- No
tion/setup
3DCityDB Yes, streamed Partlal, requires configura- Requlres configura- No
tion tion/setup

desired manner.

4.2.1 Identification of rules For demonstration purposes,
we have focused on the CityGML Building module and the
Noise ADE, and identified 3 generic rules that can be used to
extract information sufficiently to handle simple CityGML files
and ADE attributes (however, our work is intended to be gen-
eric and applicable to other modules and ADEs as well): (1)
Process for attributes, (2) Process for geometry, and (3) Check
for geometry and attributes.

The first rule is used for elements that would directly lead to
only textual information that should be grouped and displayed
together. This rule is assigned to elements such as xalAddress
and is the default rule used. This is also the rule used for ADE
elements. The second rule is used for elements that would dir-
ectly lead to only geometrical information and no longer con-
tain any attributes that would be useful to be viewed as plain
text. Such elements include lod4MultiSurface and lod1Solid,
as well as their children. The third rule is used when an ele-
ment could contain both geometrical and textual information in
its children nodes. As such, they need to be processed further
to determine what elements are further down the branch and
what rules to apply. This rule is assigned to any element that
would eventually lead to elements with rule 2. The combina-
tion of these three rules would allow simple geometrical and
textual information to be extracted from the CityGML file in an
appropriate manner to be displayed in the implemented viewer.
This is just a subset of all the cases present in the full CityGML
schema and is limited in its ability to handle different types of
ADE schemas but we found it sufficient for the purposes of this
demonstration.

4.2.2 Representation of rules After identifying the gen-
eric rules, the viewer would need specific instructions on when
each rule should be applied. This was done by processing the
CityGML XSDs to extract a JSON file of key-value pairs that
instruct the viewer on what action to perform when a particular
element is encountered in the CityGML file. The intention was
to generate this file for any version of, or any subset of mod-
ules for CityGML as needed and specify it in the viewer. To
achieve this aim, a recursive function is used to check each ele-
ment in each of the relevant XSD files, following paths to all its
possible substitution groups, types, references, extension bases
and child nodes, and subsequently all possible paths from each
one of those elements. When an element that matches a rule is
found, a key-value pair is set and a value is returned to inform
the determining of rules for parent elements as the function un-
winds. Figure 2 illustrates this process using a flowchart.

Element checked?

No

Yes
Assign rule 2

Geometry?

No

- -l Check children

No

r==—=-===-=-=-="7

Yes
Assign rule 3

Child is geometry?

No

Yes
Assign rule 3

Child is rule 3?

No

Assign rule 1 :

Figure 2. [lustration of the developed rules.

4.2.3 Application of rules We implemented the three rules
from the first step, as well as some other rules that extracted
information for positioning the models from detected EPSG
codes, in the viewer. The rule application process is shown in
Figure 3 using file 2 as an example.

On the left is an abstraction of the XML found in the file, which
each element colour coded according its respective rule. Ele-
ments that should be processed with rule 1 are shown in light
grey, rule 2 in black and rule 3 in dark grey. ADE elements
which no rule matches are shown in white. The file is read start-
ing from the cityModel element and it is checked against the
JSON file generated during the second step to determine which
rule should be used before moving on to its child elements.
Matches for rule 1 are processed immediately. The element’s
and all subsequent child elements’ values are all extracted and
added to a javascript object as shown on the right. Elements
that are unable to find a matching rule are also processed im-
mediately and are added to a separate category for ADEs. This
was done so we could better inspect the different properties in
the file. Matches for rule 3 are processed next. Elements that
match this rule are collected and checked after all its sibling
elements have been checked. Newly extracted values are added
to the javascript objects from before, creating new categories
for each new hierarchy as required. Finally, matches for rule 2
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Figure 3. Rule application process.

are processed, after all the elements for rule 3 have been fully
processed. The elements are processed to generate geometry
and the most updated javascript object containing all the prop-
erties extracted is assigned to the Cesium entity created. In this
example there was no geometry at the CityModel level but at
the Building level this rule is used on lod1Solid, to generate the
box on the right. The final result of this process is shown in
Figure 4.

5. RESULTS AND EXAMPLES

The viewer we implemented was tested with the same six files
used to review CityGML software in earlier sections of the pa-
per. The files used show the features that the viewer is able to
support as well a few limitations of the current implementation
(akin to Table 2): File 1 — No, File 2 — Yes, File 3 — Yes, no
ADE geometry, File 4 — No, File 5 — Yes, File 6 — Yes, only
some properties.

The first file was used to test the viewer’s support for large files.
Unfortunately, it was unable to handle the size of the model and
was unable to load the geometry. This was an issue we faced
with other large files that we tried viewing as well. The second,
third and fourth files contained ADE information in various
forms and were used to test what kinds of cases the viewer was
able to support. The second file, with the NoiseADE, only con-
tained ADE information in the form of properties attached to
native CityGML elements. The viewer was able to successfully
show all the NoiseADE properties when the building is selec-
ted. The third and fourth files, however, contained ADE geo-
metry as well. The viewer was able to load the native CityGML
geometry and show the Energy ADE properties for the third file,
with missing Energy ADE thermal surfaces and other ADE geo-
metry. Meanwhile, for the fourth file, because all of the geo-
metry are UtilityNetworkADE elements, nothing was able to

be displayed. In fifth file, we were exploring different ways
to represent location and had implemented a Local Engineer-
ing CRS to position the file instead of an EPSG code that was
used in the other examples. The viewer was able to use this
CRS to properly locate the building on the map. With the sixth
file, we wanted to test if it was able to view CityGML 3.0 files,
without any changes to the implementations. We used the exist-
ing code developed extract rules from the CityGML 2.0 schema
to generate a new JSON file for the rules using a sample of the
CityGML 3.0 XSD. Using this new JSON file, the viewer was
able to properly display this sixth file as well. However, we
realised that the way the various building elements were defined
was different from earlier examples and thus the colour coding
of the objects did not apply. We also realised that ADE ele-
ments were not able to be displayed properly, as they took the
form of multiple elements with the same name.

6. DISCUSSION AND LIMITATIONS

Based on the observations and issues faced when trying to view
different types of files, we identified some main limitations
which sparked some ideas for future explorations and work.

6.1 Performance

One main limitation of the current demonstrative viewer is that
it has poor memory performance and can only support mod-
els up to about S0MB in size. This is due to inefficient use of
the entity API to create each polygon with its properties and
keep the entire model in memory instead of using more effi-
cient solutions like gITF models and 3D tiles that Cesium also
supports. This choice was made to avoid the need to prepro-
cess the CityGML files, as well as because of the lack of a
simple and accessible method to convert CityGML to gITF ob-
ject by object, rather than building by building, with common
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Figure 4. Result of the process described in Section 4.

conversion methods requiring an intermediary file format like
COLLADA and using the COLLADA2gITF converter (Khro-
nos Group, 2019). However, it would be beneficial to further in-
vestigate methods that make use of these file formats to improve
performance for larger files in the future. Some interesting dir-
ections could be to try adapting 3DCityDB and its web client
to accommodate building objects and generic rules. It would
also be interesting to look deeper into conversion to gITF that
maintains some semantic information as gITF also has the ca-
pacity to represent a model as a collection of scenes and nodes
with additional custom properties attached, although these are
typically used for animation purposes and may not be appropri-
ate (Khronos Group, 2020).

6.2 Rule coverage

Another limitation is that many cases are not supported in our
current implementation. Currently the rules derived from the
XSDs are focused on viewing simple files containing elements
from the Building module and support for other modules and
more complex files are not fully supported. This is due to the
simple rules used to process the XSD and CityGML files. In
CityGML there are more complex relationships such as xlink
references and implicit geometry that will need to be considered
to fully support all aspects of CityGML. In addition, all the
ADE information is only treated as simple text content. Geo-
metry or other types of information are not properly considered
at the moment. Only the final value of the ADE nodes are ex-
tracted as well, so not all information from the ADE nodes are
fully considered and extracted. It may be beneficial to imple-
ment proper class binding for the native CityGML schema, such
as in other CityGML software, and more effort will need to be
spent defining rules and their conditions to ensure that all ob-
jects are treated properly. An approach that fully tracks and
analyses the paths found in the file in order to determine which
rules to use or which properties are assigned to which object
might be one way to do this.

7. CONCLUSION

CityGML usage and visualisation is now integrated with a vari-
ety of applications and information sources and it has been ad-
opted in a number of domains and locations. ADEs are also
developing at a fast pace, with many being used today for a
wide range of purposes. BIM to CityGML conversion now also

has a range of support for mapping and simplifying geometry
and translating properties and attributes that could aid a variety
of use cases. However, it may still be difficult to make proper
use of all these new developments, due to the fact that support
and coordination between the separate elements are still devel-
oping. There are only a few platforms that are able to access
and interact with all the newly obtained information and utilise
them in a useful manner. Often, many layers of conversion, data
structures and platforms still have to be implemented in order
to utilise the data efficiently. In this paper we have developed a
methodology towards bridging these gaps, and demonstrated it
by implementing a web-based viewer supporting the visualisa-
tion of CityGML ADE-enabled files. We believe that our work,
while preliminary, will contribute to increasing the usability of
datasets with ADEs, which otherwise can hardly be visualised.
Although we have picked up some features and developed a
demonstration of a simple platform that would be able to view
the information in CityGML models with ADE attributes at a
building scale, much work still has to be done in order to come
up with a useful platform that would serve the multitude of in-
tegration problems such models aim to tackle. For future work,
we plan to improve the performance of the viewer, increase its
functionality (e.g. support new types of geometries that can be
defined by an ADE), and support CityJSON, a JSON-based im-
plementation of CityGML, which recently has started support-
ing extensions akin to CityGML ADEs (Ledoux et al., 2019)
and is gaining software support (Vitalis et al., 2020).
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